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PREFACE. 


The  method  of  treatmeut  adopted  in  this  Text-Book  is  one  which, 
while  conducting  the  class  of  Qeologj  in  the  University  of  Edin- 
barghy  I  have  foond  to  afford  the  student  a  good  grasp  of  the  general 
pnnciples  of  the  science,  and  at  the  same  time  a  mmuiarity  with  and 
inter^  in  details  of  which  he  is  enabled  to  see  the  bearing  in  the 
general  system  of  knowledga  A  portion  of  the  volume  appeared  in 
the  autumn  of  1879  as  the  article  *'  Geology  "  in  the  Eneyehpsedia 
BrUannica.  My  leisure  since  that  date  has  been  chiefly  devoted  to 
expanding  those  sections  of  the  treatise  which  could  not  be  adequately 
developed  in  the  nages  of  a  general  work  of  reference. 

While  the  book  will  not,  I  hope,  repel  the  general  reader  who  cares 
to  know  somewhat  in  detail  the  facts  and  principles  of  one  of  the 
most  fascinating  branches  of  natural  history,  it  is  intended  primarily 
for  students,  and  is  therefore  adapted  specially  for  their  use.  The 
difest  given  of  .each  subject  will  be  found  to  be  accompanied  by 
rdeieoces  to  memoirs  where  a  fuller  statement  may  be  sought.  It 
has  long  been  a  charge  a^nst  the  geologists  of  Great  Brittun  that, 
like  their  countrymen  m  general,  they  are  apt  to  be  somewhat 
insular  in  their  conceptions,  even  in  regard  to  tneir  own  branch  of 
science.^  Of  course,  specialists  who  have  devoted  themselves  to  the 
investigation  of  certam  geological  formations  or  of  a  certain  group 
of  fossU  animals,  have  made  themselves  familiar  with  what  has  been 
written  upon  their  subject  in  other  coimtries.  But  I  am  afraid 
there  is  still  not  a  little  truth  in  the  charge,  that  the  general  body 
of  geologists  here  is  but  vaguely  acquainted  with  geological  types 
and  illustrations  other  than  such  as  have  been  drawn  from  the  area 
of  the  British  Isles.  More  particularly  is  the  accusation  true  in 
r^iard  to  American  geology.  Comparatively  few  of  us  have  any 
adequate  conception  of  the  simplicity  and  grandeur  of  the  examples 
by  which  the  principles  of  the  science  have  been  enforced  on  the 
other  side  of  the  Atlantic. 

Fully  sensible  of  this  natural  tendency,  I  have  tried  to  keep  it  in 
constant  view  as  a  danger  to  be  avoided  as  far  as  the  conditions  of 
my  task  would  allow.  In  a  text-book  designed  for  use  in  Britain 
the  iUustrations  must  obviously  be  in  the  firat  place  British.  A 
troth  can  be  enforced  much  more  vividly  by  an  example  culled  from 
fiuniliar  ground  than  by  one  taken  from  a  distance.  But  I  have  striven 
to  widen  the  vision  of  the  student  by  indicating  to  him  that  while  the 

*  Bee,  tot  instaiKse,  K.  0.  Yon  Leonhard,  who,  in  his  BataU-CMnlde  (1882),  wpn— 
^  Ein  Tadel,  weloher  yiele  geognostiaohe  Sohriftsteller  Englanda  nioht  ungeieoht  tnSt, 
ist  ihre  UnbekaimtschAlt  mit  der  litteratur  des  Auslandes ;  sie  eignen  aich  daa  Gate 
freader  Natumen  za  wenig  an.  Anch  kommt  ihnen  mmdthige  Umstandlichkeit  nnd 
ermadende  Weitechweifigkeit  and  eine  Art  gewiaienhafter  Peinlichkeit  nioht  selten  zu 
fiehnlden,  so  daae  manche  ihrer  BQcher  sehr  lesenswurdig,  aber  nioht  besonders  lesbar 
and."— VoL  L  p.  40. 
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general  principles  of  the  science  remain  uniform,  they  receive  some- 
times a  clearer,  sometimes  a  somewhat  different,  light  from  the 
rocks  of  other  countries  than  our  own.  If  from  these  references  he  is 
induced  to  turn  to  the  labours  of  our  fellow-workers  on  the  Continent, 
and  to  share  my  respect  and  admiration  for  them,  a  large  part  of 
my  design  will  have  been  accomplished.  I^  further,  he  is  led  to 
study  with  interest  the  work  of  our  brethren  across  the  Atlantic,  and 
to  join  in  my  hearty  re^rd  for  it  and  for  them,  another  important 
section  of  my  task  will  have  been  fulfilled.  And  if  in  perusing 
these  pages  he  should  find  in  them  any  stimulus  to  explore  nature 
for  himself,  to  wander  with  the  enthusiasm  of  a  true  geologist  over 
the  length  and  breadth  of  his  own  country,  and,  where  opportunity 
offers,  to  extend  his  experience  and  widen  his  sympathies  by  ex- 
ploring the  rocks  of  other  lands,  the  remaining  and  chief  part  of  my 
aim  would  be  attained. 

Geology  is  so  progressive  a  science,  and  the  amount  of  literature 
devoted  to  its  illustration  is  so  constantly  increasing,  that  in  a  work 
of  such  proportions  as  the  present  it  must  necessarily  happen  that 
between  the  printing  off  of  the  earlier  portions  and  the  final  publi- 
cation of  the  book,  memoirs  appear  which  the  author  regretfully 
finds  himself  precluded  from  using  as  he  would  gladly  have  done 
had  they  been  earlier  available.  As  examples  in  thepresent  instance, 
I  may  refer  to  Mr.  Darwin's  *  Vegetable  Mould,'  Mr.  Fisher's  *  Physics 
of  the  Earth's  Crust,'  Mr.  Judd  s  *  Volcanoes,'  Dr.  Tietze's  *  Memoir 
on  Lemberg '  (Jdhrb.  K,K.  Oeolog.  Reichsanst.  xxxii.  1882),  and  Mr. 
Beusch's  paper  on  *  Upper  Silurian  Fossils  among  the  Metamorphic 
Bocks  of  Bergen '  (Christiania,  Universitetsprogram.  1882). 

The  illustrations  of  Fossils  in  Book  Vl.  have  been  chiefly  drawn 
by  Mr.  Qeorge  Sharman ;  a  few  by  Mr.  B.  N.  Peach,  and  one  or  two 
by  Dr.  B.  H.  Traquair,  F  JI.S.,  to  all  of  whom  my  best  thanks  are 
due.  The  publishers  having  become  possessed  of  the  wood-blocks 
of  Sir  Henry  De  la  Beche's  *  Geological  Observer,'  I  gladly  made 
use  of  them  as  far  as  they  could  be  employed  in  Books  III.  and  IV. 
Sir  Henry's  sketches  were  always  both  clear  and  artistic,  and  I 
hope  that  students  will  not  be  sorry  to  see  some  of  them  revived. 
They  are  indicated  by  the  letter  (B).  The  engravings  of  the  micro- 
scopic structure  of  rocks  are  from  my  own  drawings,  and  I  have 
also  availed  myself  of  materials  from  my  sketch-books.  The 
frontispiece  is  a  reduction  of  a  dravring  by  Mr.  W.  H.  Holmes, 
whose  pictures  of  the  scenery  in  the  Far  West  of  the  United  States 
are  by  far  the  most  remarkable  examples  yet  attained  of  the  union  of 
artistic  effectiveness  with  almost  diagrammatic  geological  distinctness 
and  accuracy.  Captain  Dutton,  of  the  Greolo^cai  Survey  of  the  United 
States,  furnished  me  with  this  drawing  and  also  requested  Mr.  Holmes 
to  make  for  me  the  canon-sections  ^iven  in  Book  VII.  To  boUi  of 
these  kind  friends  I  desire  to  acknomedge  my  indebtedness. 

28,  Jebmtn  Stbest,  Lomix)K, 
I2th  JwM,  1882. 
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GEOLOGY. 


INTRODUCTION. 

Geoloqt  is  the  science  which  investigates  the  history  of  the 
Earth.  Its  object  is  to  trace  the  progress  of  our  planet  from  the 
eariiest  beginnings  of  its  separate  existence^  through  its  various  stages 
of  growth,  down  to  the  present  condition  of  things.  It  unravels  the 
complicated  processes  by  which  each  continent  has  been  built  up, 
and  traces  the  vast  geographical  revolutions  of  which  each  has  been 
the  site.  While  seeking  to  determine  the  order  of  the  evolution  of 
the  earth's  great  surface-features,  it  likewise  follows,  even  into  detail, 
the  varied  sculpture  of  mountain  and  valley,  crag  and  ravine. 

Nor  does  this  science  confine  itself  merely  to  changes  in  the 
morganic  world.  Geology  shows  that  the  present  races  of  plants 
and  animals  are  the  descendants  of  other  and  very  different  races 
which  once  peopled  the  earth.  It  teaches  that  there  has  been  a 
progress  of  the  inhabitants,  as  well  as  one  of  the  globe  on  which 
they  have  dwelt ;  that  each  successive  period  in  the  earth's  history, 
since  the  introduction  of  living  things,  has  been  marked  by 
characteristic  types  of  the  animal  and  vegetable  kingdoms;  and 
that,  how  imperfectly  soever  they  may  have  been  preserved  or  may 
be  deciphered,  materials  exist  for  a  history  of  life  upon  the  planet. 
The  geographical  distribution  of  existing  faunas  and  floras  is  often 
made  clear  and  intelligible  by  geological  evidence;  and  in  the  same 
way  light  is  thrown  upon  some  of  the  remoter  phases  in  the  history 
of  man  himsell 

A  subject  so  comprehensive  as  this  must  require  a  wide  and 
varied  basis  of  evidence.  One  of  the  characteristics  of  geology  is  to 
gather  evidence  from  sources  which  at  first  sight  seem  far  removed 
from  its  scope,  and  to  seek  aid  from  almost  every  other  leading 
branch  of  science.  Thus,  in  dealing  vrith  the  earliest  conditions  of 
the  planet,  the  geologist  must  folly  avail  himself  of  the  labours  of 
the  astronomer.  Whatever  is  ascertainable  by  telescope,  spectro- 
scope, or  chemical  analysis,  regarding  the  constitution  of  other 
heav^y  bodies,  has  a  geological  bearing.  The  experiments  of 
the  physicist,  undertaken  to  determine  conditions  of  matter  and  of 
eoeigy,  may  sometimes  be  taken  as  the  starting-points  of  geological 
investigation.  The  work  of  the  chemical  laboratory  forms  the 
foimdation  of  a  vast  and  increasing  mass  of  geological  inquiry.    To 
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the  botanist,  the  zoologist,  even  to  the  unscientific,  if  observant, 
traveller  by  land  or  sea,  the  geologist  turns  for  information  and 
assistance. 

But  while  thu&  culling  freely  from  the  dominions  of  other 
sciences,  geology  claims  as  its  peculiar  territory  the  rocky  frame- 
work of  the  globe.  In  the  materials  composing  that  framework, 
their  composition  and  arrangement,  the  processes  of  their  formation, 
the  changes  which  they  have  individually  undergone,  and  the  grand 
terrestrial  revolutions  to  which  they  bear  witness,  lie  the  main  data 
of  geological  history.  It  is  the  task  of  the  geologist  to  group  these 
elements  in  such  a  way  that  they  may  be  made  to  yield  up  their 
evidence  as  to  the  march  of  events  in  the  evolution  of  the  planet. 
He  finds  that  they  have  in  large  measure  arranged  themselves  in 
chronological  sequence, — the  oldest  lying  at  the  bottom  and  the 
newest  at  the  top.  Belies  of  an  ancient  sea-floor  are  overlaid  with 
traces  of  a  vanisned  land-surface ;  these  are  in  turn  covered  by  the 
deposits  of  a  former  lake,  above  which  once  more  appear  proofs  of 
the  return  of  the  sea.  Among  these  rocky  records  lie  the  lavas  and 
ashes  of  long-extinct  volcanoes.  The  ripple  left  upon  the  shore,  the 
cracks  formed  by  the  sun's  heat  upon  the  muddy  bottom  of  a  dried- 
up  pool,  the  very  imprint  of  the  drop  of  a  passing  rain-shower,  have 
all  been  accurately  preserved,  and  often  bear  witness  to  geographical 
conditions  widely  different  from  those  that  exist  where  such  mark- 
ings are  now  found. 

But  it  is  mainly  by  the  remains  of  plants  and  animals  imbedded 
in  the  rocks  that  the  geologist  is  guided  in  unravelling  the  chrono- 
logical succession  of  geological  changes.  He  has  found  that  a 
certain  order  of  appearance  characterises  these  organic  remains;  that 
each  great  group  of  rocks  is  marked  by  its  own  special  types  of  life ; 
that  tnese  types  can  be  recognised,  and  that  the  rocKS  in  which 
they  occur  can  be  correlated,  even  in  distant  countries,  where  no 
other  means  of  comparison  is  available.  At  one  moment  he  has  to 
deal  with  the  bones  of  some  large  mammal  scattered  through  a  deposit 
of  superficial  gravel,  at  another  time  with  the  minute  foraminifers 
and  ostracods  of  an  upraised  sea-bottom.  Corals  and  crinoids  crowded 
and  crushed  into  a  massive  limestone  on  the  spot  where  they  lived 
and  died,  ferns  and  terrestrial  plants  matted  together  into  a  bed  of 
coal  where  they  originally  grew,  the  scattered  shells  of  a  submarine 
sand-bank,  the  snails  and  lizards  that  left  their  mouldering  remains 
within  a  hollow  tree,  the  insects  that  have  been  imprisoned  within 
the  exuding  resin  of  old  forests,  the  footprints  of  birds  and  quad- 
rupeds or  tne  trails  of  worms  left  upon  former  shores — these,  and 
innumerable  other  pieces  of  evidence,  enable  the  geologist  to  realise 
in  some  measure  what  the  vegetable  and  animal  life  of  successive 

CmodB  has  been,  and  what  geographical  changes  the  site  of  every 
nd  has  undergone. 
It  is  evident  that  to  deal  successfully  with  these  varied  materials, 
a  considerable  acquaintance  with  dififerent  branches  of  science  is 


Digitized  by 


Google 


INTEODUOTION.  3 

defiirable.  The  fnller  and  more  accurate  the  knowledge  which  the 
geologist  has  of  kindred  branches  of  inquiry^  the  more  interesting 
and  Irnitfiil  will  be  his  own  researches.  From  its  very  nature 
geology  demands  on  the  part  of  its  votaries  "wide  sympathy  with 
investigation  in  almost  every  branch  of  natural  science.  Especially 
necessary  is  a  tolerably  large  acquaintance  with  the  processes  now  at 
work  in  changing  the  surface  of  the  earth,  and  of  at  least  those 
forms  of  plant  and  animal  life  whose  remains  are  apt  to  be  preserved 
in  geolo^cal  deposits,  or  which  in  their  structure  and  habitat  enable 
ns  to  refdise  what  their  forerunners  were. 

It  has  often  been  insisted  upon  that  the  present  is  the  key  to  the 
past;  and  in  a  wide  sense  this  assertion  is  eminently  true.  Only  in 
proportion  as  we  understand  the  present,  where  everything  is  open 
on  all  sides  to  the  fullest  investigation,  can  we  expect  to  decipher 
the  past,  where  so  much  is  obscure,  imperfectly  preserved,  or  not 
preserved  at  all.  A  study  of  the  existing  economy  of  nature  ought 
evidently  to  be  the  foundation  of  the  geologist's  training. 

While,  however,  the  present  condition  of  things  is  thus  employed, 
we  must  obviously  be  on  our  guard  against  the  danger  of  uncon- 
BcioQBly  assuming  that  the  phi^  of  nature's  operations  which  we 
now  witness  has  oeen  the  same  in  all  past  time ;  that  geological 
changes  have  taken  place  in  former  ages  m  the  manner  and  on  the 
scale  which  we  behold  to-day,  and  that  at  the  present  time  all  the 
great  geological  processes,  which  have  produced  changes  in  the  past 
eras  of  the  earth  s  history,  are  still  existent  and  active.  Of  course 
we  may  assume  this  uniformity  of  action,  and  use  the  assumption  as 
a  worlong  hypothesis.  But  it  ought  not  to  be  allowed  any  firmer 
footing,  nor  on  any  account  be  suffered  to  blind  us  to  the  obvious 
truth  that  the  few  centuries  wherein  man  has  been  observing  nature 
form  much  too  brief  an  interval,  by  which  to  measure  the  intensity 
of  geological  action  in  all  past  time.  For  aught  we  can  tell  the 
present  is  an  era  of  quietude  and  slow  change,  compared  with  some 
of  the  eras  that  have  preceded  it.  Nor  can  we  be  sure  that,  when 
we  have  explored  every  geological  process  now  in  progress,  we  have 
exhausted  all  the  causes  of  change  which,  even  in  comparatively 
recent  times,  have  been  at  work. 

In  dealing  with  the  Geological  Becord,  as  the  accessible  solid 

Kof  the  globe  is  called,  we  cannot  too  vividly  realise  that  at  the 
it  forms  but  an  imperfect  chronicle.  Geological  history  cannot 
he  compiled  from  a  full  and  continuous  series  of  documents.  Owing 
to  the  very  nature  of  its  origin  the  record  is  necessarily  from  the 
fint  fragmentary,  and  it  has  been  further  mutilated  and  obscured  by 
the  revdiutions  of  successive  ages.  And  even  where  the  chronicle  of 
events  is  continuous,  it  is  of  very  unequal  value  in  different  places. 
In  one  case,  for  example,  it  may  present  us  with  an  tmbroken  succes- 
aoQ  of  deposits  many  tliousands  of  feet  in  thickness,  from  which, 
however,  only  a  few  meagre  facts  as  to  geological  history  can  be 
gleaned.    In  another  instance  it  brings  before  us,  within  the  compass 
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of  a  few  yards,  the  evidence  of  a  most  varied  and  complicated  series 
of  changes  in  physical  geography,  as  well  as  an  abundant  and  inter- 
esting suite  of  organic  remains.  These  and  other  characteristics  of 
the  geological  record  will  become  more  apparent  and  intelligible  to 
the  student  as  he  proceeds  in  the  study  of  the  science. 

In  the  present  volume  the  subject  will  be  distributed  under  the 
following  leading  divisions. 

1.  The  Cosmieal  Aspects  of  Oedogy. — ^It  is  desirable  to  realise 
some  of  the  more  important  relations  of  the  earth  to  the  other 
members  of  the  solar  system,  of  which  it  forms  a  part,  seeing  that 
geological  phenomena  are  largely  the  result  of  these  relations. 
The  form  and  motions  of  the  planet  should  be  briefly  touched 
upon,  and  attention  should  be  directed  to  the  way  in  which  these 
planetary  movements  influence  geological  change.  The  light  cast 
upon  the  early  history  of  the  earth  by  researches  into  the  composition 
of  the  sun  and  stars  deserves  notice  here. 

2.  Geognosy y — an  Inquiry  into  the  Materials  of  the  Earth's 
Substance. — This  division  describes  the  constituent  parts  of  the  earth, 
its  envelopes  of  air  and  water,  its  solid  crust,  and  the  probable  con- 
dition of  its  interior.  Especiallv,  it  directs  attention  to  the  more  im- 
portant minerals  of  the  crust,  and  the  chief  rocks  of  which  that  crust  is 
Duilt  up.  In  this  way  it  lays  a  foundation  of  knowledge  regarding 
the  nature  of  the  materials  constituting  the  mass  of  the  globe,  from 
which  we  may  next  proceed  to  investigate  the  processes  by  which 
these  materials  are  produced  and  altered. 

3.  Dynamical  Geology  embraces  an  investigation  of  the  operations 
which  lead  to  the  formation,  alteration,  and  disturbance  of  rocks. 
It  considers  the  nature  and  operation  of  the  processes  that  have 
determined  the  distribution  of  sea  and  land,  and  have  moulded  the 
forms  of  the  terrestrial  ridges  and  depressions.  It  further  inveeti- 
gates  the  changes  which  are  in  progress  over  the  surface  of  the  land, 
whether  these  are  due  to  subterranean  disturbance,  or  to  the  eflTect 
of  operations  above  ground.  Such  an  inquiry  necessitates  a  careful 
study  of  the  existing  geological  economv  of  nature,  and  forms  a 
fitting  introduction  to  the  investigation  of  the  geological  changes  of 
former  periods.  This  and  the  previous  section,  including  most  of 
what  is  embraced  under  Physical  Geography  and  Petrogeny  or 
Geogeny,  will  here  be  discussed  more  in  detail  than  is  usual  in 
geological  treatises. 

4.  Geotectonic,  or  Strudural  Geology — the  Architecture  of  the  Earth. 
— This  section  of  the  investigation  discusses  the  mode  of  arrange- 
ment of  the  various  materials  composing  the  crust  of  the  earth.  It 
proves  that  some  have  been  formed  in  beds  or  strata,  whether  by 
the  deposit  of  sediment  on  the  floor  of  the  sea,  or  by  the  slow  aggre- 
gation of  organic  forms,  that  others  have  been  poured  out  from 
subterranean  sources  in  sheets  of  molten  rock,  or  in  showers  of  loose 
dust,  which  have  been  built  up  into  mountains  and  plateaux.  It 
further  shows  that  rocks  originally  laid  down  in  almost  horizontal 
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beds  have  subsequently  been  crumpled,  contorted,  dislocated,  invaded 
by  igneous  masses  from  below,  and  rendered  sometimes  intensely 
crystolline.  It  teaches,  too,  that  wherever  exposed  above  sea-level 
they  have  been  incessantly  worn  down,  and  have  often  been  depressed, 
80  that  older  came  to  be  buried  beneath  later  accumulations. 

5.  PaUeoniological  Oeoloay. — This  branch  of  the  subject  deals 
with  the  organic  forms  which  are  found  preserved  in  the  rocks  of  the 
crust  of  the  earth.  It  includes  such  questions  as  the  relations 
between  extinct  and  living  types,  the  laws  which  appear  to  have 
governed  the  distribution  of  life  in  time  and  in  space,  the  value 
of  fossQs  and  the  relative  importance  of  different  genera  of  animals 
and  plants  in  geological  inquiry,  and  the  nature  and  use  of  the 
evidence  from  organic  remains  i*egarding  former  conditions  of 
physical  geography. 

6.  Straiiffraphtcal  Qeclogy. — This  section  might  be  called  geo- 
logical history.  It  works  out  the  chronological  succession  of  the 
great  formations  of  the  earth's  crust,  and  endeavours  to  trace  the 
sequence  of  events  of  which  they  contain  the  record.  More 
particularly  it  determines  the  order  of  succession  of  the  various 
plants  and  animals  which  in  past  time  have  peopled  the  earth,  and 
thus  ascertains  what  has  been  the  grand  march  of  life  upon  the 
planet. 

7.  Phynoffraphical  Oeolopy,  starting  from  the  basis  of  fact  laid 
down  by  stratigraphical  geology  regarding  former  geographical 
changes,  embraces  an  inquiry  into  the  history  of  the  present  features 
of  the  earth's  surface — continental  ridges  and  ocean  basins,  plains, 
valleys,  and  mountains.  It  investigates  the  structure  of  mountains 
and  valleys,  compares  the  mountains  of  different  countries  and 
ascertains  the  relative  geological  dates  of  their  upheaval.  It 
explains  the  causes  on  which  local  differences  of  scenery  depend, 
and  shows  under  what  very  different  circumstances,  and  at  what 
widely  separated  intervals,  the  varied  contours,  even  of  a  single 
ooimtry,  have  been  produced. 
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BOOK  1. 

COSMIOAL  ASPECTS  OP  GEOLOGY. 

Before  geology  hod  attained  to  the  position  of  an  indactive 
science,  it  was  customary  to  begin  all  investigations  into  the  history 
of  the  earth  by  propounding  or  adopting  some  more  or  less  fanciful 
hypothesis  in  explanation  of  the  origin  of  our  planet,  or  of  the 
universe.  Such  preliminary  notions  were  looked  upon  as  essential  to 
a  right  understanding  of  the  manner  in  which  the  materials  of  the 
globe  had  been  put  together.  To  the  illustrious  James  Hutton  (1785) 
geologists  are  indebted  for  strenuously  upholding  the  doctrine  that 
it  is  no  part  of  the  province  of  geology  to  discuss  the  origin  of  things. 
He  taught  them  that  in  the  materials  from  which  geological  evidence 
is  to  be  compiled  there  can  be  found  ''  no  traces  of  a  oeginning,  no 
prospect  of  an  end."  In  England,  mainly  to  the  influence  of  the 
school  which  he  founded,  and  to  the  subsequent  rise  of  the 
Geological  Society  (1807)j  which  resolved  to  collect  facts  instead  of 
%hting  over  hypotheses,  is  due  the  disappearance  of  the  crude  and 
unscientific  cosmologies  of  previous  centuries. 

But  there  can  now  be  little  doubt  that  in  the  reaction  against 
those  visionary  and  often  grotesque  speculations,  geologists  were 
carried  too  far  in  an  opposite  direction.  In  allowing  themselves  to 
believe  that  geology  nad  nothing  to  do  with  questions  of  cos- 
mogony, they  graduSUy  grew  up  in  the  conviction  that  such  questions 
could  never  be  other  then  mere  speculation,  interesting  or  amusing 
as  a  theme  for  the  employment  of  the  fancy,  but  hardly  coming 
within  the  domain  of  sober  and  inductive  science.  Nor  would  they 
soon  have  been  awakened  out  of  this  belief  by  anything  in  their  own 
science.  It  is  still  true  that  in  the  data  with  which  tney  are  accus- 
tomed to  deal,  as  comprising  the  sum  of  geological  evidence,  there 
can  be  found  no  trace  of  a  beginning,  though  there  is  ample  proof  of 
constant,  upward  progression  from  some  invisible  starting-point.  The 
oldest  rocks  which  have  been  discovered  on  any  part  of  the  globe  have 

Srobably  been  derived  from  other  rocks  older  than  themselves, 
eology  by  itself  has  not  yet  revealed,  and  is  little  likely  ever  to 
reveal,  a  portion  of  the  first  solid  crust  of  our  globe.    If  then 
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geological  history  is  to  be  compiled  from  direct  evideuce  furnished 
by  the  rocks  of  the  earth,  it  cannot  begin  at  the  be^nin^  of  things, 
bat  mnst  be  content  to  date  its  first  clmpter  from  the  earUest  period 
of  which  any  record  has  been  preserved  among  the  rocks. 

Nevertheless,  though  geology  in  its  usual  restricted  sense  has 
been,  and  must  ever  be,  unable  to  reveal  the  earliest  history  of  our 
planet^  it  no  longer  ignores,  as  mere  speculation,  what  is  attempted 
in  this  subject  bv  its  sister  sciences.  .Astronomy,  physics,  and  che- 
mistry have  in  late  years  all  contributed  to  cast  much  light  on  the 
earlier  stages  of  the  earth's  existence,  previous  to  the  beginning 
of  what  is  commonly  regarded  as  geological  history.  Whatever  ex- 
tends our  knowledge  of  the  former  conditions  of  our  globe  may  be 
legitimately  claimed  as  part  of  the  domeun  of  geology.  If  Geology 
therefore  is  to  continue  worthy  of  its  name  as  the  science  of  the 
earth,  it  must  take  cognisance  of  these  recent  contributions  from 
other  sciences.  It  can  no  longer  be  content  to  begin  its  annals  with 
the  records  of  the  oldest  rocks,  but  must  endeavour  to  grope  its  way 
through  the  ages  which  preceded  the  formation  of  any  rocks. 
Thanks  to  the  results  achieved  with  the  telescope,  the  spectroscope, 
and  the  chemical  laboratory,  the  story  of  these  earliest  ages  of  our 
earth  is  every  year  becoming  more  definite  and  intelligible. 


L  Relations  of  the  Earth  in  the  Solab  System. 

As  a  prelude  to  the  study  of  the  structure  and  history  of  the 
earth,  some  of  the  general  relations  of  our  planet  to  the  solar 
mtem  may  here  be  noticed.  The  investigations  of  recent  years 
snowing  the  community  of  substance  between  the  different  members 
of  that  system,  have  revived  and  given  a  new  form  and  meaning 
to  the  well-known  nebular  hypothesis  of  Eant,  Laplace  and 
W.  Herschel,  which  sketched  the  progress  of  the  system  from  the  state 
of  an  original  nebula  to  its  existing  condition  of  a  central  incandes- 
cent Bun  with  surrounding  cool  planetary  bodies.  According  to  this 
hypothesis,  the  nebula,  originally  diffused  at  least  as  far  as  the 
mithest  member  of  the  system,  began  to  condense  towards  the 
centre,  and  in  so  doin^  tnrew  off  or  left  behind  successive  rings 
which  on  disruption  ana  further  condensation  assumed  the  form  of 
planets,  sometmies  with  a  further  formation  of  rings,  which  in  the 
case  of  &ktum  remain,  though  in  other  planets  they  have  broken  up 
and  united  into  satellites. 

Accepting  this  view,  we  should  expect  the  matter  composing  the 
Tftrions  members  of  the  solar  system  to  be  everywhere  nearly  the 
same.  The  feet  of  condensation  round  centres,  however,  indicates 
at  least  differences  of  density  throughout  the  nebula.  That  the 
materials  composing  the  nebula  may  have  arranged  themselves  ac- 
cording to  their  respective  densities,  the  lightest  occupying  the 
exterior  and  the  heaviest  the  interior  of  the  mass,  is  suggested  by  a 
eomparison  of  the  densities  of  the  various  planets.    These  densities 
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are  usually  estimated  as  in  the  following  table,  that  of  the  earth 
being  taken  as  the  unit : — 

Density  of  the  Sun 0*25 

„         Mercury •  1*12 

^  VenuB .  1*03 

„         Earth 1*00 

Mars 0-70 

„  Jupiter 0-24 

„         Saturn  .        • 0*13 

M         Uranus •        •  0*17 

„         Neptune 0*16 

It  is  to  be  observed,  however,  that "  the  densities  here  given  are 
mean  densities,  assuming  that  the  apparent  size  of  the  planet  or  sun 
is  the  true  size,  i.e.,  making  no  allowance  for  thousands  of  miles  deep 
of  cloudy  atmosphere.  Hence  the  numbers  for  Jupiter,  Saturn, 
and  Uranus  are  certainly  too  small,  that  for  the  sun,  much  too 
small."  ^  Taking  the  figures  as  they  stand,  while  they  do  not  indi- 
cate a  strict  progression  m  the  diminution  of  density,  they  state  that 
the  planets  near  the  sun  possess  a  density  about  twice  as  ^reat  as 
that  of  granite,  but  that  those  lying  towards  the  outer  Emits  of 
the  system  are  composed  of  matter  as  light  as  cork.  Again,  in  some 
cases,  a  similar  relation  has  been  observed  between  the  densities  of 
the  satellites  and  their  primaries.  The  moon,  for  example,  has  a 
density  little  more  than  half  that  of  the  earth.  The  first  satellite  of 
Jupiter  is  less  dense,  though  the  other  three  are  found  to  be  more  dense 
than  the  planet.  Further,  in  the  condition  of  the  earth  itself,  a  very 
light  gaseous  atmosphere  forms  the  outer  portion,  beneath  which  lies 
a  heavier  layer  of  water,  while  within  these  two  envelopes  the  materials 
forming  the  solid  substance  of  the  planet  are  so  arranged  that  the 
outer  layer  or  crust  has  only  about  half  the  density  of  the  whole 
globe.  Mr.  Lockyer  finds  in  the  sun  also  evidence  of  the  same 
tendency  towards  a  stratified  arrangement  in  accordance  with  relative 
densities,  as  will  be  immediately  further  alluded  to. 

There  seems  therefore  to  be  much  probability  in  the  hypothesis 
that,  in  the  gradual  condensation  of  the  original  nebula,  each 
successive  mass  left  behind  represented  the  density  of  its  parent 
shell,  and  consisted  of  progressively  heavier  matter.    The  remoter 

Elanets,  with  their  low  density  and  vast  absorbing  atmospheres,  may 
e  supposed  to  consist  of  metalloids  like  the  outer  parts  of  the  sun's 
atmosphere,  while  the  interior  planets  are  no  doubt  mainly  metallic. 
The  rupture  of  each  planetary  ring  would,  it  is  conceived,  raise  the 
temperature  of  the  resultant  nebulous  planet  to  such  a  lieight  as  to 
allow  the  vapours  to  rearrange  themselves  by  degrees  in  successive 
layers,  or  ratner  shells,  according  to  density.  And  when  the  planet 
gave  off  a  satellite,  that  body  might  be  expected  to  possess  the 
composition  and  density  of  the  outer  layers  of  its  primary.^ 

>  Professor  Tait,  MS.  note. 

'  Lockyer  in  Prettwich's  Inaugural  Leclure,  Oxford,  1875,  and  in  Manchester  Lectures, 
Why  the  KarUCi  Chemistry  isaaUU,  Readers  interested  in  the  historical  development 
of  geological  opinion  will  find  uiloh  suggestive  matter  bearing  on  the  questions  discussed 
above,  in  De  la  Beche*9  *'  Beeearches  inTheoretic»l  Geology,^'  1834,-— a  work  notably  in 
advance  of  its  time. 
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For  many  years  the  only  evidence  available  as  to  the  actual 
composition  of  other  heavenly  bodies  than  our  own  earth  was 
famished  by  the  aerolites^  meteorites,  or  falling  stars,  which  from  time 
to  time  have  entered  our  atmosphere  from  planetary  space,  and  have 
descended  upon  the  surfiEkce  of  the  globe.  Subjected  to  chemical 
analysis  these  foreign  bodies  show  considerable  diversities  of  com- 
position ;  but  in  no  case  have  they  yet  revealed  the  existence  of 
any  element  not  already  recognised  among  terrestrial  materials. 
Upwards  of  twenty  of  our  elements  have  been  detected  in  aerolites, 
sometimes  in  the  free  state,  sometimes  combined  with  each  other. 
More  than  half  of  them  are  metals,  including  iron,  nickel, 
manganese,  calcium,  sodium,  and  potassium.  There  occur  also 
carbon,  sUicon,  phosphoms,  sulphur,  oxygen,  nitrogen,  and 
hydrogen.  In  some  of  their  combinations  these  elements,  as  found 
in  the  meteoric  stones,  di£fer  from  their  mode  of  occurrence  in  the 
accessible  parts  of  the  earth.  Iron,  for  example,  occurs  as  native 
metal,  alloyed  with  a  variable  proportion  (6  to  10  per  cent.)  of 
metallic  nickeL  But  in  other  respects  they  closely  resemble  some 
of  the  familiar  materials  of  the  earth's  rocky  crust  Thns  we  have 
such  minerals  as  chromic  iron,  pyrite,  apatite,  olivine,  augite,  ensta- 
tite,  hornblende,  and  labradorite.  No  more  convincing  proof  could  be 
desired  that  some  at  least  of  the  other  members  of  the  solar  system 
are  formed  of  the  same  materials  as  compose  the  earth.^ 

But  in  recent  years  a  fietr  more  precise  and  generally  available 
method  of  research  into  the  composition  of  the  heavenly  bodies  has 
been  found  in  the  application  of  the  spectroscope.  By  means  of  this 
instrument,  the  light  emitted  from  self-luminous  bodies  can  be 
anal3rsed  in  such  a  way  as  to  show  what  elements  are  present  in  their 
intensely  hot  luminous  vapour.  When  the  light  of  tne  incandescent 
vapour  of  a  metal  is  allowed  to  pass  through  a  properly-arranged 
pnsm,  it  is  seen  to  give  a  spectrum  consisting  of  transverse  bright 
lines  only.  This  is  termed  a  radiationrspeetrwn.  Each  element  ap- 
pears to  have  its  own  characteristic  arrangement  of  lines,  which  m 
eeneral  retain  the  same  relative  position,  intensity,  and  colours. 
Koreover,  gases  and  the  vapours  of  solid  bodies  are  found  to  intercept 
those  rays  of  light  which  they  themselves  emit  The  spectrum  of 
•odiom-vapour,  for  example,  shows  two  bright  orange  lines.  If 
tha^ore  white  li^ht  from  some  hotter  light-source  passes  through 
the  vapour  of  sodium,  these  two  bright  lines  become  dark  lines,  the 
light  being  exactly  cut  oflf  which  would  have  been  given  out  by  the 
Mxlhun  itself.    This  is  called  an  ahsorpiion-spectrum. 

From  this  method  of  examination  it  has  been  inferred  that  many 

>  Puiaoh,  Die  MeUorUen,  Yienoa,  1843 ;  Roae,  Abhand,  kdnigl  Akad,  BerUo,  1863. 
Bumnelaberg,  Die  Ckemieche  Naiwr  der  Mdeoriteny  1870.  The  ■indent  wiU  find  a 
nlnable  mmiogiaph  on  the  strootare  and  origin  of  meteorites  in  the  seoond  part  of 
Danbv^e'a  Amdee  SfiUhitimieB  de  GMogie  ExpirimentaUj  1879.  See  alao  A  Chapter  on 
the  HiUorif  of  MeUorUee^hy  Dr.  W.  Flight,  OeoL  Mag,  1875,  and  a  very  interesting 
seooont  of  a  reeent  meteoric  shower,  and  of  the  microsoopio  oonstitntion  of  the  fragments 
by  J.  Qalle  and  A.  Ton  Laeanlx  in  UomaiUheriM  lOnigl  Akad.  Berlin,  Jnly,  1879. 
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of  the  elements  of  which  our  earth  is  composed  must  exist  in  the 
state  of  incandescent  yapour  in  the  atmosphere  of  the  sun.  Thirty - 
two  metals  have  been  thus  identified,  including  aluminium,  barium, 
manganese,  lead,  calcium,  cobalt,  potassium,  iron,  zinc,  copper,  nickel, 
sodium  and  magnesium.  These  elements,  or  at  least  substances 
which  give  the  same  groups  of  lines  as  the  terrestrial  elements  with 
which  they  have  been  identified,  do  not  occur  promiscuously  diffused 
throughout  the  outer  mass  of  the  sun.  According  to  Mr.  Lockyer's 
observations  they  appear  to  succeed  each  other  m  relation  to  their 
respective  densities.  Thus  the  coronal  atmosphere  which,  as  seen  in 
total  eclipses,  extends  to  so  prodigious  a  distance  beyond  the  disc  of 
the  sun,  consists  mainly  of  subincandescent  hydrogen  and  another 
element  which  may  be  new.  Beneath  this  external  vaporous  en- 
velope lies  the  chromosphere  where  the  vapours  of  incandescent 
hydrogen,  calcium,  and  magnesium  can  be  detected.  Further 
inward  the  spot-zone  shows  the  presence  of  sodium,  titanium,  &c. ; 
while  still  lower,  a  layer  rthe  reversina  layer)  of  intensely  hot  vapours, 
lying  probably  next  to  tne  inner  brilliant  photosphere  gives  spectro- 
scopic evidence  of  the  existence  of  incandescent  iron,  manganese, 
cobalt,  nickel,  copper,  and  other  well-known  terrestrial  metals.^ 

It  is  to  be  observed,  however,  that  in  these  spectroscopic  researches 
the  decomposition  of  the  elements  by  electrical  action  was  not 
considered.  The  conclusions  embodied  in  the  foregoing  paragraph 
have  been  founded  on  the  idea  that  the  lines  seen  in  the  spectrum  of 
any  element  are  all  due  to  the  vibrations  of  the  molecules  of  that 
element.  But  Mr.  Lockyer  has  quite  recently  suggested  that  this 
view  may  after  all  be  but  a  rough  approximation  to  the  truth,  and 
that  it  may  be  more  accurate  to  say,  as  a  result  of  the  fects  already 
acquired,  that  there  exist  basic  elements  common  to  calcium,  iron, 
&c.,  and  to  the  solar  atmoephere. 

The  spectroscope  has  likewise  been  successfully  applied  by  Mr. 
Huggins  and  others  to  the  observation  of  the  fixed  stars  and  nebulae, 
with  the  result  of  establishing  a  similarity  of  elements  between  our 
own  system  and  other  bodies  in  sidereal  space.  In  the  radiation 
spectra  of  nebulae  Mr.  Huggins  finds  the  hydrogen  lines  very 
prominent ;  and  he  conceives  that  they  may  be  glowing  masses  of 
that  element.  Professor  Tait  has  suggested,  on  the  other  hand,  that 
they  are  more  probably  clouds  of  stones  fre^uentlv  colliding  and 
thus  giving  off  incandescent  gases.  Sir  William  Thomson  appears 
to  favour  this  view.  Among  the  fixed  stars  absorption  spectra  have 
been  recognised,  pointing  to  a  structure  resembling  that  of  our  sun, 
viz.,  an  incandescent  nucleus  which  maj  be  solid  or  liquid  or  of 
very  highly  compressed  gas,  but  which  gives  a  continuous  spectrum, 

^  On  spectroflcopio  reeearoh  as  applied  to  the  stm,  see  Eirohhoff  and  Bunfien,  Be- 
$earehe$  on  Solar  opeelrumj  &o.,  MacmUlaD,  1868 ;  ADgstrom,  Eecherchei  sur  le  Spectre 
normal  du  SoleU ;  Lockyer,  Solar  Phyiies,  187S,  and  Studies  m  Spectrum  Analytie  (iDter- 
national  Series),  1878;  Huggins  and,  Miller,  Proc.  i^oj^. /6<do.  xii.  PhU,  Trans.  1864; 
Bosooe's  Spectrum  Analysis,  with  authorities  there  cited. 
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and  which  is  surrounded  with  an  atmosphere  of  glowing  vapour.^ 
According  to  Mr.  Lockyer,  those  stars  which  have  the  highest  tem- 
perature haTe  the  simplest  spectra,  and  in  proportion  as  they  cool 
their  materials  become  more  and  more  differentiated  into  what  we 
call  elements.  He  remarks  that  the  most  brilliant  or  hottest  stars 
show  in  their  spectra  only  the  lines  of  gases,  as  hydrogen.  Cooler 
stars,  like  our  sun,  give  indications  of  the  presence,  in  addition, 
of  the  metals — magnesium,  sodium,  calcium,  iron.  A  still  lower 
temperature  he  regards  as  marked  by  the  appearance  of  the  other 
metals,  metalloids,  and  compounds.^  The  sun  would  thus  be  a  star 
considerably  advanced  in  the  process  of  differentiation  or  association 
of  its  atoms.  It  contains,  so  far  as  we  know,  no  metalloid  except 
carbon,  and  possibly  oxygen,  nor  any  compound,  while  stars  like 
Sinus  show  the  presence  only  of  hydrogen,  with  but  a  feeble  pro- 
portion of  metaluc  vapours ;  and  on  the  other  band,  the  red  stars 
mdicate  hj  their  spectra  that  their  metallic  vapours  have  entered 
mto  combination,  whence  it  is  inferred  that  their  temperature  is 
lower  than  that  of  our  sun. 

U.  Form  and  Size  of  the  Eabth. 

Further  confirmation  of  the  foregoing  views  as  to  the  order  of 
planetary  evolution  is  furnished  by  tne  wrm  of  the  earth  and  the 
arrangement  of  its  component  materials.. 

That  the  earth  is  an  oblate  spheroid,  and  not  a  perfectly  spherical 
globe,  was  discovered  and  demonstrated  by  Newton.  Efe  even 
calculated  the  amount  of  ellipticity  long  before  any  measurement 
had  confirmed  such  a  conclusion.  During  the  present  century 
nnmerous  arcs  of  the  meridian  have  been  measured,  chiefly  in  the 
northern  hemisphere.  From  a  series  made  by  different  observers 
between  the  latitudes  of  Sweden  and  the  Cape  of  Good  Hope,  Bessel 
obtained  the  following  data  for  the  dimensions  of  the  earth : — 

EqnatoriAl  diAineter    .     .    41,847,192  feet,  or  7925*604  miles. 
PdlMr diameter.     .     .     .     41,707,814      „      7899  114    „ 
Amoont  of  polar  flattening        139,768      „  26-471    „ 

The  equatorial  circumference  is  thus  a  little  less  than  25,000 
miles,  and  the  difference  between  the  polar  and  equatorial  diameters 
(nearly  26J  miles)  amounts  to  about  xStt*'^  <>f  the  equatorial 
diameter.^  More  recently,  however,  it  has  been  shown  that  the  oblate 
Bpheroid  indicated  by  these  measurements  is  not  a  symmetrical  body, 
tne  equatorial  circumference  being  an  ellipse  instead  of  a  circle. 
The  greater  axis  of  the  equator  lies  in  long.  8°  15'  W. — a  meridian 
ptssing  through  Ireland,  Portugal  and  the  north-west  corner  of  Africa, 
and  cutting  on  the  north-east  comer  of  Asia  in  the  opposite  hemisphere.* 

'  Hnggma,  Proo,  Bay,  8oe.  1863-66,  and  Brit  A$8oe,  Lecture  (Nottingham,  1866)  ; 
Hnmns  and  Miller,  Fm.  Tram.  1864. 
'Lockyer.  CompU^-renduiy  Deo.  1873.  •  HeTBchel,  Astronomy,  p.  139. 

*  A.  B.  Olarke,  Phil.  Mag,  August  1878  ;  EnGyohpmcUa  BrttannicOj  9th  edit  x.  172. 
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The  polar  flattening,  established  by  measurement  and  calcula- 
tion as  that  which  would  necessarily  have  been  assumed  by  an 
originally  plastic  globe  in  obedience  to  the  movement  of  rotation, 
has  been  cited  as  evidence  that  the  earth  was  once  in  a  plastic 
condition.  Taken  in  connection  with  the  analogies  supplied  by 
the  sun  and  other  heavenly  bodies,  this  inference  seems  well 
grounded.^ 

Though  the  general  spheroidal  form  of  our  planet,  and  possibly  the 
general  mstribution  of  sea  and  land,  are  referable  to  the  early  e£fects 
of  rotation  on  a  fluid  or  viscous  mass,  it  is  certain  that  the  present 
details  of  its  surface-contours  are  of  comparatively  recent  date. 
Speculatious  have  been  made  as  to  what  may  have  been  the  earliest 
character  of  the  solid  surface,  whether  it  was  smooth  or  rough,  and 
particularly  whether  it  was  marked  by  any  indication  of  the 
existing  continental  elevations  and  oceanic  depressions.  So  far  as 
we  can  reason  from  geological  evidence,  there  is  no  proof  of  any 
uniform  superficies  having  ever  existed.  Most  probaoly  the  first 
formed  crust  broke  up  irregularly,  and  not  until  after  many  successive 
corrugations  did  the  surface  acquire  stability.  Some  writers  have 
imagined  that  at  first  the  ocean  spread  over  the  whole  surface  of  the 
planet.  But  of  this  there  is  not  only  no  evidence,  but  good  reason 
for  believing  that  it  could  never  have  taken  place.  As  wifl  be  alluded 
to  in  a  later  page,  the  preponderance  of  water  in  the  southern 
hemisphere  seems  to  indicate  some  excess  of  density  in  that 
hemisphere.  This  excess  can  hardly  have  been  produced  by  any 
change  since  the  materials  of  the  interior  ceased  to  be  mobile ;  it 
must  therefore  be  at  least  as  ancient  as  the  condensation  of  water  on 
the  earth's  surface.  Hence  there  was  probably  from  the  beginning 
a  tendency  in  the  ocean  to  accumulate  in  the  southern  rather  than 
in  the  northern  hemisphere. 

That  land  existed  from  the  earliest  ages  of  which  we  have  any 
record  in  rock-formations,  is  evident  from  the  obvious  fact  that  these 
formations  themselves  consist  in  great  measure  of  materials  derived 
from  the  waste  of  land.  When  the  student  in  a  later  part  of  this 
volume  is  presented  with  the  proofs  of  the  existence  of  enormous 
masses  of  sedimentary  deposits  even  among  some  of  the  oldest 
geological  systems,  he  will  priseive  how  important  must  have  been 
the  tracts  of  land  that  coula  furnish  such  piles  of  detritus. 

The  tendency  of  modern  research  is  to  give  probability  to 

>  It  has  been  recently  opposed,  however,  by  Mohr  (Qt»6hiehte  der  Erde,  p.  472), 
who,  adoptiDg  a  soggestion  long  ago  made  by  Playfair,  has  endeavoured  to  show  Uiat 
the  polar  flattening  can  be  aooounted  for  by  greater  denudation  of  the  polar  tracts, 
exposed  as  these  have  been  by  the  heaping  np  of  the  ooeanio  waters  towards  the  equator 
in  consequence  of  rotation.  He  dwells  ohieflv  on  the  effects  of  glaciers  in  lowering 
the  land,  but  as  Pfaff  has  pointed  out,  the  work  of  erosion  is  chieflv  performed  by  other 
atmospheric  fiwces  that  operate  rather  towards  the  equator  than  the  poles  iAUgemeine 
Oeologie  aU  exacts  Witsenschafi,  p.  6).  Compare  Naumann,  Neues  Jahrb.  1871,  p.  250. 
Keverthelss,  Mohr  has  undoubteoly  recalled  attention  to  a  conceivable  cause  by  which, 
in  spite  of  polar  elevation  or  equatorial  subsidence,  the  external  form  of  the  planet 
might  be  preserved. 
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the  coDoeption,  first  outlined  by  Kant,  that  not  only  in  onr  own 
solar  system,  bat  throughout  the  regions  of  space,  there  has  been  a 
common  plan  of  evolution,  and  that  the  matter  diffused  through 
sjMice  in  nebal®,  stars,  and  planets  is  substantially  the  same  as  that 
with  which  we  are  familiar.  Hence  the  study  of  the  structure  and 
probable  history  of  the  sun  and  the  other  heavenly  bodies  comes  to 
possess  an  eyident  geological  interest,  seeing  that  it  may  yet  enable 
m  to  carry  back  tne  story  of  our  planet  far  beyond  the  domain  of 
ordinary  geological  evidence,  and  upon  data  not  less  trustworthy  than 
those  fumishea  by  the  rocks  of  the  earth's  crust. 


lU.  The  Movements  op   the    Eabth   in   their  Geological 

Relations. 

We  are  here  concerned  only  with  those  aspects  of  theearth'smotions 
which  materially  influence  the  progress  of  geological  phenomena. 

§  1.  Rotation. — ^In  consequence  of  its  angular  momentum  at  its 
original  separation,  the  earth  rotates  on  its  axis.  The  rate  of  rotation 
has  once  lieen  much  more  rapid  than  it  now  is  (p.  20).  At  present 
a  complete  rotation  is  performed  in  about  twenty-four  hours,  and  to 
it  is  due  the  succession  of  day  and  night.  So  far  as  observation  has 
yet  gone,  this  movement  is  uniform,  though  recent  calculations  of 
the  influence  of  the  tides  in  retarding  rotation  tend  to  show  that  a 
Tery  slow  diminution  of  the  angular  velocity  is  in  progress.  If  this 
be  80,  the  length  of  the  day  and  night  will  slowly  increase  until 
finally  the  duration  of  the  day  and  that  of  the  year  will  be  equal. 
The  earth  will  then  have  reacned  the  condition  into  which  the  moon 
has  passed  relatively  to  the  earth,  one  half  being  in  continual  day, 
the  other  in  perpetual  night. 

The  linear  velocity  due  to  rotation  varies  in  different  places, 
according  to  their  position  on  the  surface  of  the  planet.  At 
each  pole  there  can  be  no  velocity,  but  from  these  two  points 
towaros  the  equator  there  is  a  continually  increasing  rapiditv  of 
motion,  till  at  the  equator  it  is  equal  to  a  rate  of  507  yards  in  a 
second. 

To  the  rotation  of  the  earth  are  due  certain  remarkable  influences 
upon  currents  of  air  circulating  either  towards  the  equator  or  towards 
the  poles.  Currents  which  move  from  polar  latitudes  travel  from 
parts  of  the  earth's  surface  where  the  velocity  due  to  rotation  is  small 
to  others  where  it  is  great.  Hence  they  lag  behind,  and  their  course 
in  bent  more  and  more  westward.  An  air  current  quitting  the  north 
polar  or  north  temperate  regions  as  a  north  wind  is  deflected  out  of 
Its  course  and  becomes  a  north-east  wind.  On  the  opposite  side  of 
the  equator  a  similar  current  setting  out  straight  for  the  equator  is 
changed  into  a  south-east  wind.  This  is  the  reason  why  the  well- 
known  Trade-winds  have  their  characteristic  westward  deflection. 
(Jn  the  other  hand,  a  current  setting  out  northwards  or  southwards 


Digitized  by 


Google 


14  C08MICAL  ASPECTS  OP  GEOLOGY.       [Book  1. 

from  the  equator  passes  into  r^ons  having  a  less  Telocity  due  to 
rotation  th^ui  it  possesses  itself,  and  hence  it  travels  on  in  advance 
and  appears  to  be  gradually  deflected  eastward.  The  aerial  corrents 
blowing  steadily  across  the  sor&oe  of  the  ocean  produce  oceanic 
cnrrents  which  have  a  westward  tendency  indirectly  communicated 
to  them  from  the  effects  of  rotation* 

It  has  been  maintained  by  Yon  Baer/  and  the  statement  has  been 
accepted  as  a  general  law  by  some  writers,  that  a  certain  deflection  is 
experienced  ty  rivers  that  flow  in  a  meridional  direction,  like  the 
Yolga.  Those  travelling  polewards  are  asserted  to  press  upon  their 
eastern  rather  than  their  western  banks,  while  those  whidi  run  in 
the  opposite  direction  are  stated  to  be  thrown  more  against  the 
western  than  the  eastern.  When,  however,  we  consider  the  com- 
parativelv  small  volume,  slow  motion,  and  continually  meandering 
course  of  rivers,  it  may  reasonably  be  doubted  whether  any  effects  of 
this  vera  causa  have  yet  been  observed.* 

§  2.  Revolution. — ^Besides  turning  on  its  axis,  the  globe  performs 
a  movement  round  the  sun,  termed  revolution.  This  movement, 
accomplished  in  rather  more  than  365  days,  determines  for  us  the 
length  of  our  year,  which  is,  in  fact,  merely  the  time  required  for  one 
complete  revolution.  The  path  or  orbit  followed  by  the  earth  round 
the  sun  is  not  a  perfect  circle  but  an  ellipse,  with  the  sun  in  one 
of  the  foci,  the  mean  distance  of  the  earth  from  the  sun  being 
92,400,000  miles.  By  slow  secular  variations  the  form  of  the  orbit 
alternately  approaches  to  and  recedes  from  that  of  a  circle.  At  the 
nearest  possible  approach  between  the  two  bodies,  owing  to  change 
in  the  eilipticity  of  the  orbit,  the  earth  is  14,368,200  miles  nearer 
the  sun  than  when  at  its  greatest  possible  distance.  These  maxima 
and  minima  of  distance  occur  at  vast  intervals  of  time.  The  last 
considerable  eccentricity  took  place  about  200,000  years  ago,  and 
the  previous  one  more  than  half  a  million  years  earlier.  Since 
the  amount  of  heat  received  by  the  earth  from  the  sun  is  inversely 
as  the  square  of  the  distance,  eccentricity  may  have  had  in  past 
time  mucn  effect  upon  the  climate  of  the  eartn,  as  will  be  pointed 
out  further  on  (§  8). 

§  3.  Precession  of  the  Eqoinozes. — ^If  the  axis  of  the  earth 
were  perpendicular  to  the  plane  of  its  orbit,  there  would  be  equal  day 
and  mght  all  the  year  round.  But  it  is  really  inclined  to  that  plane 
at  an  angle  of  23^°.  Hence  our  hemisphere  is  alternately  presented 
to  and  turned  away  from  the  sun,  and  m  this  way  brings  the  familiar 
alternation  of  the  seasons.  Again,  were  the  earth  a  perfect  sphere  of 
uniform  density  throughout,  the  position  of  its  axis  of  rotation  would 
not  be  changed  by  attractions  of  external  bodies.    But  owing  to  the 

>  **  Ueber  dn  allgemeinee  Gesetz  in  dear  (^eetaltiiiig  der  FluaBbetten."  BtdL  Ac<id. 
8L  FeUnbwrg,  iL  (I860).  Bee  also  Ferrel  on  the  motions  of  flnids  and  solids  relatiyely 
to  the  earth's  snrfaoe.  CaaA.  (Ma$6.)  Maih,  Monthly,  vols.  L  and  IL  (185d-60).  Dnlk. 
Z.  DeuUch.  Qtol.  Ges.  xxxi.  (1879)  p.  224. 

'  See  £.  Dnnker,  ZeiUch./Ur  die  gfammlen  Naiurvoittenohajten,  1875,  p.  463. 
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protuberance  along  the  equatorial  regions,  the  attraction  chiefly  of 
the  moon  and  sun  tends  to  pull  the  axis  aside,  or  to  make  it  describe 
a  conical  moTement  like  that  of  the  axis  of  a  top  round  the  vertical. 
Hence  each  pole  points  successively  to  different  stars.  This  move* 
ment,  called  the  precession  of  the  equinoxes,  in  combination  with 
another  smaller  movement,  due  to  the  attraction  of  the  moon  (called 
f^iation),  completes  its  cycle  in  21,000  years.  At  present  the  winter 
in  the  northern  hemispnere  coincides  with  the  earth's  nearest  ap- 
proach to  the  sun,  or  perihelion.  In  10,500  years  hence  it  will  take 
place  when  the  earth  is  at  the  farthest  part  of  its  orbit  from  the 
son,  or  in  aphdion.  This  movement  acquires  great  importance  when 
considered  in  connexion  with  the  secular  variations  in  the  eccentricity 
of  the  orbit  (§  8). 

§  4.  Change  in  the  Obliquity  of  the  Ecliptic. — ^The  angle  at 
wUch  the  axis  of  the  earth  is  inclined  to  the  plane  of  its  orbit  does 
not  remain  strictly  constant  It  oscillates  through  long  periods  of 
time  to  the  extent  of  about  a  degree  and  a  half^  or  perhaps  a  little 
more,  on  either  side  of  the  mean.  According  to  jDr.  Uroll,^  this 
oscillation  must  have  considerably  affected  former  conditions  of 
climate  on  the  earth,  since,  when  the  obliquity  is  at  its  maximum,  the 
polar  regions  receive  about  ei^ht  and  a  half  days  more  of  heat  than 
they  do  at  present — ^that  is,  about  as  much  heat  as  lat.  76°  enjoys  at 
this  day.  This  movement  must  have  augmented  the  geological 
effects  of  precession,  to  which  reference  has  just  been  made,  and 
which  are  aescribed  in'  §  8. 

§  5.  Stability  of  the  Earth's  Axis.— That  the  axb  of  the 
eartti's  rotation  has  successively  shifted,  and  consequently  that  the 
poles  have  wandered  to  different  points  on  the  surface  of  the  globe, 
nas  been  maintained  by  geologists  as  the  only  possible  explanation 
of  certain  remarkable  conditions  of  climate,  which  can  be  proved  to 
have  formerly  obtained  within  the  Arctic  Circle.  Even  as  far  north 
as  lat  81°  45  abundant  remains  of  a  vegetation  indicative  of  a  warm 
dimate,  and  including  a  bed  of  coal  25  to  30  feet  thick,  have  been 
found  in  sUu?  It  is  contended  that  where  these  plants  lived  the 
ground  could  not  have  been  permanently  frozen  or  covered  for  most 
of  the  year  with  thick  snow.  In  explanation  of  the  diflficulty,  it  has 
been  suggested  that  the  north  pole  did  not  occupy  its  present 
position,  and  that  the  locality  where  the  plants  occur  lay  in  more 
southerly  latitudes.  Without  at  present  entering  on  the  discussion 
of  the  question  whether  the  geological  evidence  necessarily  requires 
80  important  a  gec^raphictd  change,  let  us  consider  how  far  a 
fihiitiug  of  the  axis  of  rotation  has  been  a  possible  cause  of  change 
during  that  section  of  geological  time  for  which  there  are  records 
among  the  stratified  rocks. 

From  the  time  of  Laplace'  astronomers  have  strenuously  denied 

1  GioU,  Tram.  QtU,  8oo,  Qlatgovf,  n.  ITT. 

*  Fielden  and  Heer,  Quart  Jovm,  GeoL  8oc*  Nov.  1877. 

'  Micanique  eele$te,  tome  v.  p.  14. 
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the  possibility  of  any  sensible  change  in  the  position  of  the  axis  of 
rotation.  It  has  been  urged  that,  since  the  planet  accjuired  its 
present  oblate  spheroidal  form,  nothing  but  an  utterly  incredible 
amount  of  deformation  could  overcome  the  greater  centrifugal  force 
of  the  equatorial  protuberance.  It  is  certain,  however,  that  the  axis 
of  rotation  does  not  strictly  coincide  with  the  principal  axis  of 
inertia.  Though  the  angular  difference  between  them  must  always 
have  been  small,  we  can,  without  having  recourse  to  any  extra- 
mundane  influence,  recognise  two  causes  wliich,  whether  or  not  they 
may  suffice  to  produce  any  change  in  the  position  of  the  main  axis 
of  inertia,  undoubtedly  tend  to  do  so.  In  the  first  place  a  widespread 
upheaval  or  depression  of  certain  unsjrmmetrically  arranged  portions 
of  the  surface  to  a  considerable  amount  would  tend  to  shift  tnataxis. 
In  the  second  place  an  analogous  result  might  arise  from  the  denuda- 
tion of  continental  masses  of  land  and  the  consequent  filling  up  of 
sea-basins.  Sir  William  Thomson  freely  concedes>the  physical  possi- 
bility of  such  changes.  "We  may  not  merely  admit,"  he  says,  "  but 
assert  as  highly  probable,  that  the  axis  of  maximum  inertia  and 
axis  of  rotation,  always  very  near  one  another,  may  have  been  in 
ancient  times  very  far  from  their  present  geographical  position,  and 
may  have  gradually  shifted  through  10,  20,  30,  40,  or  more  degrees, 
without  at  any  time  any  perceptible  sudden  disturbance  of  either 
landT  or  water."  ^  But  though,  in  the  earlier  ages  of  the  planet's 
history,  stupendous  deformations  may  have  occurred,  and  the  axis  of 
rotation  may  have  often  shifted,  it  is  only  the  alterations  which  can 
possibly  have  occurred  during  the  accumulation  of  the  stratified 
rocks  that  need  to  be  taken  into  account  in  connexion  with  former 
changes  of  climate.  If  it  can  be  shown  therefore  that  the 
geographical  revolutions  necessary  to  shift  the  axis  are  incredibly 
stupenaous  in  amount,  improbable  in  their  distribution,  and  not 
•  really  demanded  by  geological  evidence,  we  may  reasonably  with- 
hold our  belief  from  this  alleged  cause  of  the  changes  of  climate 
during  geological  history. 

It  has  been  estimated  by  Sir  William  Thomson  "that  an  eleva- 
tion of  600  feet,  over  a  tract  of  the  earth's  surface  1000  miles  square 
and  10  miles  in  thickness,  would  only  alter  the  position  of  the 

Jrincipal  axis  by  one-third  of  a  second,  or  34  feet.'  *  Mr.  George 
)arwin  has  shown  that  on  the  supposition  of  the  earth's  complete 
rigidity  no  redistribution  of  matter  in  new  continents  could  ever 
shift  the  pole  from  its  primitive  position  more  than  3%  but  that,  if 
its  degree  of  rigidity  is  consistent  with  a  periodical  re-adjustment  to 
a  new  form  of  equilibrium,  the  pole  may  have  wandered  some  10°  or 
15°  from  its  primitive  position,  or  have  made  a  smaller  excursion 
and  returned  to  near  its  old  place.  In  order,  however,  that  these 
maximum  effects  should  be  produced,  it  would  be  necessary  that 

I  BrU,  Ab90c.  Rep.  (1S76),  SeotioBS,  p.  11. 

'  TtuM.  Oed.  8oe,  GUugow,  iv.  p.  313.    The  situation  of  tho  supposed  area  of  up- 
heaval OD  the  earth's  surface  is  not  stated. 
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each  elerated  area  should  have  an  area  of  depresaion  corresponding 
in  size  aod  diametrically  opposite  to  it,  that  tney  should  lie  on  the 
same  complete  meridian,  and  that  they  should  both  be  situated  in 
lat  45^  With  all  these  coincident  favourable  circumstances,  an 
effectiye  elevation  of  -j^  of  the  earth's  surface  to  the  extent  of 
lOyOOO  feet  would  shift  the  pole  11^';  a  similar  elevation  of  V(r 
would  move  it  1°  46^' ;  of  -jV,  3"*  17' ;  and  of  i,  8^  4^'.  Mr.  Darwin 
admits  these  to  be  superior  limits  to  what  is  possible,  and  that,  on 
the  snppoffltion  of  intumescence  or  contraction  under  the  regions  in 
qnestion,  the  deflection  of  the  pole  might  be  reduced  to  a  quite 
insignificant  amount.^ 

Under  the  most  favourable  conditions,  therefore,  the  possible 
amount  of  deviation  of  the  pole  from  its  first  position  would  appear 
to  have  been  too  small  to  have  seriously  influenced  the  climates  of 
the  globe  within  geological  history.  If  we  grant  that  these  changes 
were  cumulative,  and  that  the  superior  limit  of  deflection  was 
reached  only  after  a  long  series  of  concurrent  elevations  and  depres- 
sions, we  must  suppose  that  no  movements  took  place  elsewhere  to 
counteract  the  effect  of  those  about  lat  45^  in  the  two  hemispheres, 
fiut  this  is  hardly  credible.  A  glance  at  a  geographical  globe 
suffices  to  show  how  large  a  mass  of  land  exists  now  both  to  the 
north  and  south  of  that  latitude,  especially  in  the  northern  hemi- 
sphere, and  that  the  deepest  parts  of^the  ocean  are  not  antipodal  to 
tne  greatest  heis^hts  of  the  land.  These  features  of  the  earth's 
sur&ce  are  of  old  standing.  There  seems,  indeed,  to  be  no  geo- 
logical evidence  in  favour  of  any  such  geographical  changes  as  could 
have  produced  even  the  comparatively  small  displacement  of  the 
axis  considered  possible  by  Mr.  6.  Darwin. 

In  an  ingenious  suggestion.  Dr.  John  Evans  contended  that,  even 

without  any  sensible  change  in  the  position  of  the  axis  of  rotation  of 

the  nucleus  of  the  globe,  there  might  be  very  considerable  changes 

of  latitude  due  to  disturbance  of  the  equilibrium  of  the  shell  by  the 

upheaval  or  removal  of  masses  of  land  between  the  equator  and 

the  poles,  and  to  the  consequent  sliding  of  the  shell  over  the  nucleus 

until  the  equilibrium  was  restored.^    In  a  recent  address  he  has 

precisely  formulated  his  hypothesis  as  a  question  to  be  determined 

mathematically.^    The  solution  of  the  problem  has  been  worked 

out  by  the  Bev.  J.  F.  Twisden,  who  arrives  at  the  conclusion  that 

even  the  large  amount  of  geographical  change  postulated  by  Dr. 

Evans  could  only  displace  the  earth's  axis  of  figure  to  the  extent 

of  less  than  Iff  of  angle,  that  a  displacement  of  as  much  as  lO''  or 

IS"  could  be  effected  only  if  the  heights  and  depths  of  the  areas 

elevated  and  depressed  exceeded  by  many  times  the  heights  of 

the  highest  mountains,  that  under  no  circumstances  could  a  dis- 

placement  of  20°  be  effected  by  a  transfer  of  matter  of  less  amount 

than  about  a  sixth  part  of  the  whole  equatorial  bulge,  and  that  even 

*  PkU.  Trans,  Nov.  1S76.  «  Proc.  Boy.  8oc.  xv.  p.  46  (1867). 

«  Q.  J.  OeoL  Soe.  (1876)  p.  62. 
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this  extreme  amoont  would  not  necessarily  alter  the  position  of  the 
axis  of  figure.* 

Against  any  hypothesis  which  assumes  a  thin  crust  enclosing  a 
liquid  or  viscous  interior — weighty  and  indeed  insuperable  objections 
have  been  urged.  It  has  been  suggested,  however,  that  the  almost 
universal  traces  of  present  or  former  volcfitnic  action,  the  evidence 
from  the  compressed  strata  in  mountain  regions  that  the  crust  of  the 
earth  must  have  a  capacity  for  slipping  towards  certain  lines,  the 
great  amount  of  horizontal  compression  of  strata  which  can  be  proved 
to  have  been  accomplished,  and  the  secular  changes  of  climate^ — 
notablv  the  former  warm  climate  near  the  north  pole — furnish 
groundis  for  inquiry  whether  the  doctrine  of  a  fluid  substratum  over  a 
rigid  nucleus,  which  has  been  urged  by  several  able  writers,  would 
not  be  compatible  with  mechanical  considerations,  and  whether,  under 
those  circumstances,  changes  in  latitude  would  not  result  from 
unequal  thickening  of  the  crust.*  This  question  of  the  internal 
conaition  of  the  globe  is  discussed  at  p.  49. 

§  6.  Changes  of  the  Earth's  Centre  of  Gravity. — If  the  centre 
of  gravity  in  our  planet,  as  pointed  out  by  Herschel,  be  not  co- 
incident with  the  centre  of  figure,  but  lies  somewhat  to  the  south  of 
it,  any  variation  in  its  position  will  affect  the  ocean,  which  of 
course  adjusts  itself  in  relation  to  the  earth's  centre  of  gravity. 
How  far  any  redistribution  of  the  matter  within  the  earth  in  such  a 
wav  as  to  affect  the  present  equilibrium  is  now  possible,  we  cannot 
telL  But  certain  revolutions  at  the  surface  may  from  time  to  time 
produce  changes  of  this  kind.  The  accumulation  of  ice  which,  as 
will  be  immediately  described  (§  8),  is  supposed  to  gather  round  one 
pole  during  the  maximum  of  eccentricity,  will  displace  the  centre 
of  gravity,  and,  as .  the  result  of  this  change,  will  raise  the  level  of 
the  ocean  in  the  glacial  hemisphere.^  Dr.  CroU  has  estimated  that, 
if  the  present  mass  of  ice  in  the  southern  hemisphere  is  taken  at 
1000  feet  thick  extending  down  to  lat.  GO**,  the  transference  of  this 
mass  to  the  northern  hemisphere  would  raise  the  level  of  the  sea  80 
feet  at  the  north  pole.  Other  methods  of  calcnlation  give  different 
results.  Mr.  Heath  puts  the  rise  at  128  feet;  Archdeacon  Pratt 
makes  it  more;  while  the  Eev.  0.  Fisher  gives  it  at  409  feet.* 
More  recently,  in  returning  to  this  Question,  Dr.  Croll  remarks 
**  that  the  removal  of  two  miles  of  ice  &om  the  Antarctic  continent 
[and  at  present  the  mass  of  ice  there  is  probably  thicker  than  that] 
would  displace  the  centre  of  gravity  190  feet,  and  the  formation  of  a 
mass  of  ice  equal  to  the  one-half  of  this,  on  the  Arctic  regions, 
would  carry  the  centre  of  gravity  95  feet  farther,  giving  in  all  a 

"  Q.  X  Oeol  8oe,  (1878)  xxxiv.  p.  41.  See  also  R  Hill,  Oeol  Mag,  v.  (2nd  eer.)  pp. 
262,  479.    O.  Fiflher,  op.  cU,  pp.  291,  551. 

*  O.  Fisher,  Qtdl.  Mag.,  1878,  p.  552. 

*  Adhemar,  BSwU^itma  de  la  Mer,  1840. 

*  OroU,  in  Beader  for  2nd  September,  1865,  and  PhiL  Mag.,  April,  1866;  Heath, 
Pka.  Mag.,  April,  1869;  Pratt,  PM.  Mag^  March,  1866;  Fifiher,  Reader,  10th 
Febroaiy,  1866. 
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total  displacement  of  285  feet,  thus  prodacing  a  rise  of  level  at  the 
north  poJe  of  285  feet,  and  in  the  latitude  of  l^iinborgh  of  234  feet" 
A  Tery  ccmsiderable  additional  displacement  wonid  arise  from  the 
increment  of  water  to  the  mass  of  the  ocean  by  the  melting  of  the 
ice.  Supposing  half  of  the  two  miles  of  Antarctic  ice  to  be  replaced 
by  an  ice-cap  of  similar  extent  and  one  mile  thick  in  the  northern 
hemisphere,  the  other  half  being  melted  into  water  and  increasing 
the  mass  of  the  ocean,  Dr.  Groll  estimates  that  from  this  source  an 
extra  200  feet  of  rise  would  take  place  in  the  general  ocean  level, 
so  that  there  would  be  a  rise  of  485  feet  at  the  north  pole,  and  434 
feet  in  the  latitude  of  Edinburgh.^  An  intermittent  submergence 
and  emergence  of  the  low  polar  lands  might  thus  be  due  to  the 
alternate  shifting  of  the  centre  of  gravity. 

To  what  extent  this  cause  has  actually  come  into  operation  in 
past  time  cannot  at  present  be  determined.  It  has  been  suggested 
Uiat  the  '^raised  beaches"  or  old  sea-terraces,  so  numerous  at 
various  heights  in  the  north-west  of  Europe,  might  be  due  to  the 
transference  of  the  oceanic  waters  and  not  to  any  subterranean 
movement,  as  generally  believed.  But  if  such  had  been  their  ori^n, 
they  ought  to  have  shown  evidence  of  a  gradual  and  uniform  decune 
in  elevation  from  north  to  south.  No  such  feature,  however,  has 
been  detected.  On  the  contrary,  the  levels  of  the  terraces  vary 
within  comparatively  short  distances.  Though  numerous  on  both 
sides  of  Scotland,  they  disappear  among  the  Orkney  and  Shetland 
islands,  altiiough  these  localities  were  admirably  adapted  for  their 
formation  and  preservation.^  The  conclusion  must  be  drawn  that 
the  ^  raised  beaches"  cannot  be  adduced  as  evidence  of  changes  of 
the  earth's  centre  of  gravity,  bat  are  due  to  local  and  irregular 
subterranean  movement.     (See  Book  III.  Part  I.  Section  iii.  §  1.) 

§  7.  Results  of  the  Attractive  Influence  of  Sun  and  Moon  on 
the  G^eological  Condition  of  the  Earth. — Many  speculations  have 
been  offered  to  account  for  supposed  former  greater  intensity  of  geo- 
logical activity  on  the  sur&ce  of  the  globe.  Two  causes  for  suen  greater 
intensity  may  be  adduced.  In  the  first  place,  if  the  earth  has 
cooled  down  from  an  origbial  molten  condition,  it  has  lost,  in  cool- 
ing, a  vast  amount  of  potential  geological  energy.  It  does  not 
necessarily  follow,  however,  that  the  geological  phenomena  resulting 
from  internal  temperature  have,  during  the  tame  recorded  in  the 
accessible  part  of  the  earth's  crust,  been  steadily  decreasing  in 
magnitude.  We  might,  on  the  contrary,  contend  that  the  increased 
resistance  of  a  thickening  cooled  crust  may  rather  have  hitherto 
intensified  the  manifestations  of  subterranean  activity  by  augmenting 
the  resistance  to  be  overcome.  In  the  second  place,  the  earth  may 
have  been  more  powerfully  affected  by  external  causes,  such  as  the 
greater  heat  of  the  sun,  and  the  greater  proximity  of  the  moon. 

*  CfoQ,  OtoL  Mag.,  new  series,  L  (1874),  p.  347 ;    Climate  and  Time,  chaps,  zxiii. 
•ndxxi?. 
»  Aotore,  xtL  (1877)  p.  414 
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That  the  formerly  larger  amount  of  solar  heat  received  by  the 
snrfiace  of  our  planet  must  have  produced  warmer  climates  and  more 
rapid  evaporation  with  ^eater  rainfall  and  the  important  chain  of 
geological  changes  which  such  an  increase  would  introduce,  appears 
in  every  way  probable,  though  the  geologist  has  not  yet  been  able 
to  observe  any  indisputable  indication  of  such  a  former  intensity  of 
superficial  changes. 

Mr.  Greorge  H.  Darwin,  in  recently  investigating  the  bodily  tides  of 
viscous  spheroids,  has  brought  forward  some  remarkable  results 
bearing  on  the  question  of  the  possibility  that  geological  operations, 
both  internal  andl^superficial,  may  have  been  once  greafly  more  gigantic 
and  rapid  than  they  are  now.^  He  assumes  the  earth  to  be  a  homo- 
geneous spheroid  and  to  have  possessed  a  certain  small  viscosity,'  and 
he  calculates  the  internal  tidal  friction  in  such  a  mass  exposed  to  the 
attraction  of  moon  and  sun,  and  the  consequences  which  these  bodilv 
tides  have  produced.  He  finds  that  the  length  of  our  day  and  month 
have  greatly  increased,  that  the  moon's  distance  has  likewise 
augmented,  that  the  obliquity  of  the  ecliptic  has  diminished,  that  a 
large  amount  of  hypogene  heat  has  been  generated  by  the  internal 
tidal  friction,  and  that  these  changes  may  ail  have  transpired  within 
comparatively  so  short  a  period  ^57,000,000  years)  as  to  place  them 
quite  probablv  within  tne  limits  of  ordinary  geological  history. 
Accoraing  to  his  estimate,  46,300,000  years  ago  the  length  of  the 
sidereal  day  was  fifteen  and  a  half  hours,  the  moon's  distance  in  mean 
radii  of  the  earth  was  46*8  as  compared  with  60*4  at  the  present  time. 
But  56,810,000  years  back  the  length  of  the  day  was  only  6|  hours, 
or  less  than  a  quarter  of  its  present  value,  the  moon's  distance  was  only 
nine  earth's  radii,  while  the  lunar  month  lasted  not  more  than  about 
a  day  and  a  half  (1'58),  or  -^^  of  its  present  duration.  He  arrives  at 
the  deduction  that  the  energy  lost  by  internal  tidal  friction  in  the 
earth's  mass  is  converted  into  heat  at  such  a  rate  that  the  amount 
lost  during  57,000,000  years,  if  it  were  all  applied  at  once,  and  if  the 
earth  had  the  specific  heat  of  iron,  would  raise  the  temperature  of  the 
whole  planet's  mass  1,700°  Fahrenheit,  but  that  the  distribution  of 
this  heat  generation  has  been  such  as  not  to  interfere  with  the  normal 
augmentation  of  temperature  downward  due  to  secular  cooling,  and 
the  conclusion  drawn  therefrom  by  Sir  William  Thomson.  Mr. 
Darwin  further  concludes  from  his  hypothesis  that  the  ellipticity  of 
the  earth's  figure  having  been  continually  diminishing,  "  the 
polar  regions  must  have  been  ever  rising  and  the  equatorial  ones 
falling,  though  as  the  ocean  followed  these  changes  they  might  quite 
well  have  left  no  geological  traces.    The  tides  must  have  l^n  very 

«  Phil  Trafu.,  1S79.  Parts  L  and  ii. 

'  The  degree  of  viscosity  assumed  is  such  that  **  thirteeu  and  a  half  tons  to  the 
square  inch  acting  for  twenty-four  hoars  on  a  slab  an  inch  thick  displaces  the  upper 
snrfaoe  relatively  to  the  lower  through  one-tenth  of  an  inch.  It  is  ooviouSf'tsays  Mr. 
Darwin,  **  that  such  a  substance  as  Uiis  would  be  called  a  solid  in  ordinary  parlance, 
and  in  the  tidal  problem  this  must  be  regarded  as  a  very  small  viscosity."  Op.  cU, 
p.  531. 
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much  more  frequent  and  larger,  and  accordingly  the  rate  of  oceanic 
denudation  much  accelerated.  The  more  rapid  alternation  of  day 
and  night  ^  would  probably  lead  to  more  sudden  and  violent  storms, 
and  the  increased  rotation  of  the  earth  would  augment  the  violence 
of  the  trade-winds,  which  in  their  turn  would  affect  oceanic 
currents,**  *  As  above  stated,  no  facts  yet  revealed  by  the  geological 
record  compel  the  admission  of  more  violent  superficial  action  in 
former  times  than  now.  But  though  the  facts  do  not  of  themselves 
lead  to  such  an  admission,  it  is  proper  to  inquire  whether  any  of  them 
are  hostile  to  it.  It  will  be  shown  in  Book  Vl.  that  even  as  far  back 
as  early  Palaeozoic  times,  that  is,  as  far  into  the  past  as  the  history 
of  organised  life  can  be  traced,  sedimentation  took  [)lace  very  much 
as  it  does  now.  Sheets  of  fine  mud  and  silt  were  pitted  with  rain- 
drops, ribbed  with  ripple-marks,  and  furrowed  by  crawling  worms 
exactly  as  they  now  are  on  the  shores  of  any  modem  estuary.  These 
sur&cea  were  quietly  buried  under  succeeding  sediment  of  a  similar 
kind,  and  this  for  hundreds  and  thousands  of  feet.  Nothing 
indicates  violence;  all  the  evidence  favours  tranquil  deposit  If^ 
therefore,  Mr.  Darwin's  hypothesis  be  accepted,  we  must  conclude 
either  tkett  it  does  not  necessarily  involve  such  violent  superficial 
operations  as  he  supposes,  or  that  even  the  oldest  sedimentary 
formations  do  not  date  back  to  a  time  when  the  influence  of  increased 
rotation  could  make  itself  evident  in  sedimentation,  that  is  to  say, 
on  Mr.  Darwin's  hypothesis,  the  most  ancient  fossiliferous  rocks 
cannot  be  nearly  as  much  as  57,000,000  years  old. 

§  8.  Cllxnaie  in  its  Oeological  Relations. — In  subsequent  parts 
of  this  volume  the  data  will  be  given  from  which  we  learn  that  the 
climates  of  the  earth  have  formerly  been  considerably  different  from 
those  which  at  present  prevail.  A  consideration  of  the  history 
of  tiie  solar  system  would  of  itself  suggest  the  inference  that 
on  the  whole  the  climates  of  early  geological  periods  must  have 
been  warmer.  The  sun*s  heat  was  greater,  probably  the  amount  of 
it  received  by  the  earth  was  likewise  greater,  while  there  would  be 
for  some  time  a  sensible  influence  of  the  planet's  own  internal  heat 
upon  the  general  temperature  of  the  whole  globe.'  Although 
arguments  based  upon  the  probable  climatal  necessities  of  extinct 
spedes  and  genera  of  plants  and  animals  must  be  used  with  extreme 
caution,  it  may  be  asserted  with  some  confidence  that  from  the  vast 
areas  over  which  many  Palseozoic  molluscs  have  been  traced  alike  in 
the  eastern  and  the  western  hemispheres,  the  climates  of  the  globe 
in  PalflBozoic  time  were  probably  much  more  uniform  than  they  now 

'  Aeoording  to  hi0  caloalatioD,  the  year  57,000,000  of  yean  ago  contained  1300  days 
tiuteador365.  >  Op.  cO.  p.  532. 

*  As  Professor  Tait  has  suggested,  we  can  oonoeiye  that  the  former  greater  heat  of 
the  son  may  have  raised  snch  vast  clouds  of  absorbing  vapour  round  that  luminary  as  to 
prevent  the  effective  amount  of  radiation  of  heat  to  the  earth's  surface  from  being  greater 
than  at  present ;  while  on  the  other  hand,  a  similar  supposition  may  be  made  with 
reference  to  the  greater  amount  of  vapour  which  increased  solar  radiation  would  raise 
to  be  condensed  m  Uie  earth's  atmosphere.  Recent  Advance$  in  Phyncal  Science^  1876, 
p.  171 
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are.  There  appears  to  have  been  a  gradual  lowering  of  the  general 
temperature  during  past  geological  time,  accompanied  by  a  tendency 
towards  greater  extremes  of  climate.  But  there  are  proofia  also 
that  at  longer  or  shorter  intervals  cold  cycles  have  intervened.  The 
glacial  period,  for  example,  preceded  our  own  time,  and  in  suc- 
cessive geological  formations  indications  of  more  or  less  value  have 
been  found  that  point  to  a  prevalence  of  ice  in  what  are  now 
temperate  regions. 

various  meories  have  been  proposed  in  explanation  of  such 
alternations  of  climate.  Some  of  these  have  appealed  to  a  change  in 
the  position  of  the  earth's  axis  relatively  to  the  mass  of  the  planet 
(cmtef  §  5).  Others  have  been  based  on  the  notion  that  the  earth 
may  have  passed  through  hot  and  cold  regions  of  space.  Others, 
again,  have  called  in  the  effects  of  terrestrial  changes,  sach  as  the 
distribution  of  land  and  sea,  on  the  assumption  that  elevation  of 
land  about  the  poles  must  cool  the  temperature  of  the  globe,  while 
elevation  rouna  the  equator  would  raise  it^  But  the  changes  of 
temperature  have  afifected  vast  areas  of  the  earth's  surface,  while 
there  is  not  only  no  proof  of  any  such  enormous  vicissitudes 
in  physical  geography  as  would  be  required,  but  good  grounds  for 
believing  that  the  present  terrestrial  and  oceanic  areas  have  remained 
on  the  whole  on  the  same  sites  from  verv  early  geological  time. 
Moreover,  as  evidence  has  accumulated  in  favour  of  periodic  alterna- 
tions of  climate,  the  conviction  has  been  strengthened  that  no  mere 
local  changes  could  have  su£Sced,  but  that  secular  variations  in 
climate  must  be  assigned  to  some  general  and  probably  recurring 
cause. 

By  degrees  geologists  accustomed  themselves  to  the  belief  that 
the  cold  of  the  Glacial  Period  was  not  due  to  mere  terrestrial 
changes,  but  was  to  be  explained  somehow  as  the  result  of  cosmical 
causes.  Of  various  suggestions  as  to  the  probable  nature  and 
operation  of  these  causes,  one  deserves  careful  consideration — change 
in  the  eccentricity  of  the  earth's  orbit.  Sir  John  Herschel  *  pointed 
out  many  years  ago  that  the  direct  effect  of  a  high  condition  of 
eccentricity  is  to  produce  an  unusually  cold  winter  followed  by  a 
correspondingly  hot  summer  on  the  hemisphere  whose  winter  occurs 
in  aphelion,  while  an  equable  condition  of  climate  will  at  the  same 
time  prevail  on  the  opposite  hemisphere.  But  both  hemispheres 
must  receive  precisely  the  same  amount  of  solar  heat,  because  the 
deficiency  of  neat  resulting  from  the  sun's  greater  distance  during 
one  part  of  the  year  is  exactly  compensated  by  the  greater  length  of 
that  season.  Sir  John  Herschel  even  considered  that  the  direct 
effects  of  eccentricity  must  thus  be  nearly  neutralised.^  As  a  like 
verdict  was  afterwards  given  by  Arago,  Humboldt,  and   others, 

^  In  LyeU's  PrincipUi  of  Geology^  this  dootrine  of  tho  influeoco  of  geogmphical 
changes  is  maintained. 
3  Tram,  Otol  Soc,  toI.  iii.  p.  293  (2nd  aeries). 
■  Cabinet  CydopxtUa^  sec.  315 ;  Oudinci  of  Agtronomyy  sec.  368. 
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mologists  were  satisfied  that  no  important  change  of  climate  could 
be  attributed  to  change  of  eccentricity. 

It  is  to  the  luminons  memoirs  of  Dr.  James  Croll  that  geology 
is  indebted  for  the  first  fmitful  suggestion  in  this  matter,  and  for 
the  subsequent  elaborate  deyelopment  of  the  whole  subject  of  the 
physical  causes  on  which  climate  depends.  His  researches  will  be 
found  in  detail  in  his  volume.  Climate  and  Time^  1875.  He  has  been 
good  enough,  however,  to  draw  up  the  following  abstract  of  them  for 
the  present  work. 

^  Assuming  the  mean  distance  of  the  sun  to  be  92,400,000  miles, 
then  when  the  eccentricity  is  at  its  superior  limit,  -07775,  the 
distance  of  the  sun  from  the  earth,  when  the  latter  is  in  the  ai>helion 
of  its  orbit,  is  no  less  than  99,584,100  miles,  and  when  in  the 
perihelion  it  is  only  85,215,900  miles.  The  earth  is,  therefore, 
14,368,200  miles  farther  from  the  sun  in  the  former  than  in  the 
latter  position.     The  direct  heat  of  the  sun  being  inversely  as  the 


v.  wvftesl  toLffncB  m  aphelion.  n*  yttsmsk  bolbtjxm  in  fkbihiijon* 

VlO.   1. — ^EOOINTKICITT  OW  THB  EABTB'S  ObbTT  IN  BeULTION  TO  ClIMATB. 

square  of  the  distance,  it  follows  that  the  amount  of  heat  received  by 
the  earth  in  these  two  positions  will  be  as  19  to  26.  The  present 
eccentricity  being  *0168,  the  earth's  distance  during  our  northern 
winter  is  90,847,^0  miles.  Suppose  now  that,  from  the  precession 
of  the  equinoxes,  winter  in  our  northern  hemisphere  should  happen 
when  ihe  earth  is  in  the  aphelion  of  its  orbit,  at  the  time  that  the 
orbit  is  at  its  j^reatest  eccentricity;  the  earth  would  then  be 
8,736,420  miles  mrther  from  the  sun  in  winter  than  it  is  at  present. 
The  direct  heat  of  the  sun  would  therefore,  during  winter,  oe  one- 
fifth  less  and  during  summer  one-fifth  greater  than  now.  This 
enormous  difference  would  necessarily  affect  the  climate  to  a  very 
great  extent.    Were  the  winters  under  these  drcumstances  to  occur 
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when  the  earth  was  in  the  perihelion  of  its  orbit,  the  earth  would 
then  be  14,368^00  miles  nearer  the  sun  in  winter  than  in  summer. 
In  this  case  the  difference  between  winter  and  summer  in  our 
latitudes  would  be  almost  annihilated*  But  as  the  winters  in  the 
one  hemisphere  correspond  with  the  summers  in  the  other,  it  follows 
that  while  the  one  hemisphere  would  be  enduring  the  greatest 
extremes  of  summer  heat  and  winter  cold,  the  other  would  be 
enjoying  perpetual  summer. 

"  It  is  quite  true  that  whatever  may  be  the  eccentricity  of  the 
earth's  orbit,  the  two  hemispheres  must  receive  equal  quantities  of 
heat  per  annum ;  for  proximity  to  the  sun  is  exactly  compensated 
by  the  effect  of  swifter  motion.  The  total  amount  of  heat  received 
from  the  sun  between  the  two  equinoxes  is  therefore  the  same  in  both 
halves  of  the  year,  whatever  the  eccentricity  of  the  earth's  orbit  may- 
be. For  example,  whatever  extra  heat  the  southern  hemisphere  may 
at  present  receive  per  day  from  the  sun  during  its  summer  months, 
owing  to  greater  proximity  to  the  sun,  is  exactly  compensated  by  a 
corresponding  loss  arising  from  the  shortness  of  the  season ;  and,  on 
the  other  hand,  whatever  deficiency  of  heat  we  in  the  northern 
hemisphere  may  at  present  have  per  day  during  our  summer  half- 
year,  m  consequence  of  the  earth  s  distance  from  the  sun,  is  also 
exactly  compensated  by  a  corresponding  length  of  season. 

**  It  is  well  known,  however,  that  those  simple  changes  in  the 
sun's  summer  and  winter  distances  would  not  alone  produce  a  glacial 
epoch,  and  that  physicists,  confining  their  attention  to  the  purely 
astronomical  effects,  were  perfectly  correct  in  affirming  that  no 
increase  of  eccentricity  of  the  eartn's  orbit  could  account  for  that 
epoch.  But  the  important  fact  was  overlooked  that,  although  the 
glacid  epoch  could  not  result  directly  from  an  increase  of  eccentricity, 
it  might  nevertheless  do  so  indirectly  from  physical  agents  that 
were  brought  into  operation  as  a  result  of  an  increase  of  eccentricity. 
The  following  is  an  outline  of  what  these  physical  agents  were,  how 
they  were  brought  into  operation,  and  the  way  in  which  they  may 
have  led  to  the  glacial  epoch. 

".With  the  eccentricity  at  its  superior  limit  and  the  winter  occur- 
ring in  the  aphelion,  the  earth  would,  as  we  have  seen,  be  8,736,420 
miles  farther  from  the  sun  during  that  season  than  at  present.  The 
reduction  in  the  amount  of  heat  received  from  the  sun,  owing  to  his 
increased  distance,  would  lower  the  midwinter  temperature  to  au 
enormous  extent.  In  temperate  regions  the  greater  portion  of  the 
moisture  of  the  air  is  at  present  precipitated  in  the  form  of  rain,  and 
the  very  small  portion  which  falls  as  snow  disappears  in  the  course 
of  a  few  weeks  at  most  But  in  the  circumstances  under  considera- 
tion, the  mean  winter  temperature  would  be  lowered  so  much  below 
the  freezing-point  that  what  now  falls  as  rain  during  that  season 
would  then  fail  as  snow.  This  is  not  all ;  the  winters  would  then 
not  only  be  colder  than  now,  but  they  would  also  be  much  longer. 
At  present  the  winters  are  nearly  eight  days  shorter  than  the 
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gammere;  but  with  the  eccentricity  at  its  superior  limit  and  the 
winter  solstice  in  aphelion,  the  length  of  the  winters  wonld  exceed 
that  of  the  summers  by  no  fewer  than  thirty-six  days.  The  lowering 
of  the  temperature  and  the  lengthening  of  the  winter  would  both 
tend  to  the  same  effect,  yiz.,  to  increase  the  amount  of  snow  accumu- 
lated during  the  winter ;  for,  other  things  being  equal,  the  larger 
the  snow-accumulating  period  the  greater  the  accumulation.  It  may 
be  remarked,  however,  that  the  absolute  quantity  of  heat  received 
during  winter  is  not  affected  by  the  decrease  in  the  sun's  heat,^  for 
the  additional  length  of  the  season  compensates  for  this  decrease. 
As  regards  the  absolute  amount  of  heat  received,  increase  of  the  sun's 
distance  and  lengthening  of  the  winter  are  compensatory,  but  not  so 
in  regard  to  the  amount  of  snow  accumulated.  The  consequence  of 
this  state  of  things  would  be  that,  at  the  commencement  of  the  short 
gammer,  the  ground  would  be  covered  with  the  winter's  accumula- 
tion of  snow.  Again,  the  presence  of  so  much  snow  would  lower  the 
summer  temperature,  and  prevent  to  a  great  extent  the  melting  of 
the  snow. 

*^  There  are  three  separate  ways  whereby  accumulated  masses  of 
snow  and  ice  tend  to  lower  the  summer  temperature,  viz. : — 

^Firsi,  By  means  of  direct  radiation.    No  matter  what  the 

intensity  of  the  sun's  rays  may  be,  the  temperature  of  snow  and  ice 

can  never  rise  above  32°.    Hence  the  presence  of  snow  and  ice  tends 

by  direct  radiation  to  lower  the  temperature  of  all  surrounding  bodies 

to  32*^.     In  Greenland,  a  country  covered  with  snow  and  ice,  the 

pitch  has  been  seen  to  melt  on  the  side  of  a  ship  exposed  to  the 

direct  rays  of  the  sun,  while  at  the  same  time  the  surrounding  air  was 

far  below  the  freezing  point ;  a  thermometer  exposed  to  the  direct 

radiation  of  the  sun  has  been  observed  to  stand  above  100°,  while 

the  air  surrounding  the  instrument  was  actually   12°  below  the 

freezing-point.    A  smiilar  experience  has  been  recorded  by  travellers 

on  tiie  snow-fields  of  the  Alps.     These  results,  surprising  as  they  no 

doubt  appear,  are  what  we  ought  to  expect  under  the  circumstances. 

Perfectly  dry  air  seems  to  be  nearly  incapable  of  absorbing  radiant 

heat.     The  entire  radiation  passes  through  it  almost  witnout  any 

sensible  absorption.     Consequently  the  pitch  on  the  side  of  the  ship 

may  be  melted,  or  the  bulb  of  the  thermometer  raised  to  a  high 

temperature  by  the  direct  rays  of  the  sun,  while  the  surrounding 

air  remains  intensely  cold.      The  air  is  cooled  by  contact  with 

the  BQOw-covered  ground,  but  is  not  heated  by  the  radiation  from 

the  sun. 

"  When  the  air  is  charged  with  aqueous  vapour,  a  similar  cooling 
effect  also  takes  place,  but  in  a  slightly  different  way.  Air  eluurged 
with  aqueous  vapour  is  a  good  absorber  of  radiant  heat,  but  it  can 
only  absorb  those  rays  which  agree  with  it  in  period.    It  so  happens 

*  Wbea  tbe  eooentricity  is  at  its  superior  limit,  tho  absolute  quantity  of  heat  received 
by  tbe  earUi  daring  the  year  is,  however,  about  one  tbree-huudredth  part  greater  than 
at  pfeaent    But  this  docs  not  affect  the  question  at  issue. 
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that  rays  firom  snow  and  ice  are,  of  all  others,  those  which  it  absorbs 
best.  The  hamid  air  will  absorb  the  total  puliation  from  the  snow 
and  ice,  but  it  will  allow  the  greater  part  of,  if  not  nearly  aH^  the 
sun's  ra^s  to  pass  unabsorbed.  But  auring  the  day,  when  the  son 
is  shining,  tne  radiation  from  the  snow  and  ice  to  the  air  is 
negative  ;  that  is,  the  snow  and  ice  cool  the  air  by  radiation.  The 
result  is,  the  air  is  cooled  by  radiation  from  the  snow  and  ice  (or 
rather,  we  should  say,  to  the  snow  and  ice)  more  rapidly  than  it  is 
heated  by  the  sun ;  and  as  a  consequence,  in  a  country  like  Green- 
land, covered  with  an  icy  mantle,  the  temperature  of  the  air,  even 
during  summer,  seldom^  rises  above  the  freezing-point.  Snow  is  a 
good  reflector,  but  as  simple  reflection  does  not  change  the  character 
of  the  rays,  they  would  not  be  absorbed  by  the  air,  but  would  pass 
into  stellar  space.  Were  it  not  for  the  ice,  the  summers  of  North 
Greenland,  owing  to  the  continuance  of  the  sun  above  the  horizon, 
would  be  as  warm  as  those  of  England ;  but  instead  of  this,  the 
Greenland  summers  are  colder  than  our  winters.  Cover  India  with 
an  ice  sheet,  and  its  summers  would  be  colder  than  those  of  England* 

**  Second,  Another  cause  of  the  cooling  effect  is  that  the  rays  which 
fall  on  snow  and  ice  are  to  a  great  extent  reflected  back  into  space. 
But  those  that  are  not  reflects,  but  absorbed,  do  not  raise  the  tem- 
perature, for  they  disappear  in  the  mechctnical  work  of  melting  the 
ice.  For  whatsoever  mav  be  the  intensity  of  the  sun's  heat,  the 
surface  of  the  ground  will  be  kept  at  32  so  long  as  the  snow  and 
ice  remain  unmelted. 

^*  Third,  Snow  and  ice  lower  the  temperature  by  chilling  the  air 
and  condensing  the  vapour  into  thick  fo^s.  The  great  strength  of 
the  sun's  rays  during  summer,  due  to  his  nearness  at  that  season, 
would,  in  the  first  mace,  tend  to  produce  an  increased  amount  of 
evaporation.  But  me  presence  of  snow-clad  mountains  and  an  icy 
sea  would  chill  the  atmosphere  and  condense  the  vapour  into  thick 
fogs.  The  thick  fogs  and  cloudy  sky  would  effectually  prevent  the 
sun's  rays  from  reaching  the  earth,  and  the  snow,  in  consequence, 
would  remain  unmelted  during  the  entire  summer.  In  fact,  we  have 
this  very  condition  of  things  exemplified  in  some  of  the  islands  of 
the  Southern  Ocean  at  the  present  day.  Sandwich  Land,  which  is 
in  the  same  parallel  of  latitude  as  the  north  of  Scotland,  is  covered 
with  ice  and  snow  the  entire  summer ;  and  in  the  island  of  South 
Georgia,  which  is  in  the  same  parallel  as  the  centre  of  England,  the 
perpetual  snow  descends  to  the  very  sea-beach.  Captain  Sir  James 
Boss  found  the  perpetual  snow  at  the  sea-level  at  Admiralty  Inlet^ 
South  Shetland,  in  lat.  64*';  and  while  near  this  place  the  thermo- 
meter in  the  very  middle  of  summer  fell  at  night  to  23**  F.  The  re- 
duction of  the  sun's  heat  and  lengthening  of  the  winter,  which 
would  take  place  when  the  eccentricity  is  near  to  its  superior  limit 
and  the  winter  in  aphelion,  would  in  this  country  produce  a  state  of 
things  perhaps  as  hisA  as,  if  not  worse  than,  thiat  which  at  present 
exists  in  South  Georgia  and  South  Shetland. 
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^  The  canfie  which  aboTO  all  others  must  tend  to  produce  ^reat 
changes  of  climate,  is  the  deflection  of  great  ocean  currents.  A  high 
condition  of  eccentricity  tends,  we  haye  seen,  to  produce  an  accumu- 
lation of  snow  and  ice  on  the  hemisphere  whose  winters  occur  in 
aphelion.  The  accumulation  of  snow  in  turn  tends  to  lower  the 
summer  temperature,  cut  off  the  sun's  rays,  and  retard  the  melting 
of  the  snow.  In  short,  it  lends  to  produce  on  that  hemisphere  a 
state  of  glaciation.  Exactly  opposite  effects  take  place  on  the  other 
hemisphere,  which  has  its  winter  in  perihelion.  There  the  short- 
ness ot  the  winters,  combined  with  the  high  temperature  arising 
from  the  nearness  of  the  sun,  tends  to  prevent  the  accumulation  of 
snow.  The  general  result  is  that  the  one  hemisphere  is  cooled  and 
the  other  heated.  This  state  of  things  now  brings  into  play  the 
agencies  which  lead  to  the  deflection  of  the  Gulf  Stream  and  other 
great  ocean  currents. 

**  Owing  to  the  great  difference  between  the  temperature  of  the 
equator  and  the  poles,  there  is  a  constant  flow  of  air  from  the  poles 
to  the  equator.    It  is  to  this  that  the  trade-winds  owe  their  exist- 
ence.   Now,  as  the  strength  of  these  winds  will,  as  a  general  rule, 
depend  upon  the  difference  of  temperature  that  may  exist  between 
the  equator  and  higher  latitudes,  it  follows  that  the  trades  on  the 
ccAd  hemisphere  will  be  stronger  than  tiiose  on  the  warm.    When 
the  polar  and  temperate  regions  of  the  one  hemisphere  are  covered 
to  a  large  extent  with  snow  imd  ice,  the  air,  as  we  have  just  seen, 
is  kept  almost  at  the  freezing-point  during  both  summer  and  winter. 
The  trades  on  that  hemisphere  will,  of  necessity,  be  exceedingly 
powerful ;  while  on  the  other  hemisphere,  where  there  is  compara- 
tively little  snow  or  ice,  and   the  air   is  warm,  the   trades  will 
consequently  be  weak.    Suppose  now  the  northern  hemisphere  to 
be  the  cold  one.    The  north-east  trade-winds  of  this  hemisphere  will 
far  exceed  in  strength  the  south-east  trade-winds  of  the  southern 
hemisphere.     The  media/n  line  between  the  trades  will  consequently 
lie  to  a  very  considerable  distance  to  the  south  of  the  equator.     We 
have  a  good  example  of  this  at  the  present  day.    The  difference  of 
temperature  between  the  two  hemispheres  at  present  is  but  trifling 
to  what  it  would  be  in  the  case  under  consiaeration ;  yet  we  find 
that  the  south-east  trades  of  the  Atlantic  blow  with  greater  force 
tiian  the  north-east  trades,  sometimes  extending  to  lO"*  or  IS"  N.  lat., 
whereas  the  north-east  trades  seldom  blow  south  of  the  equator. 
The  effect  of  the  northern  trades  blowing  across  the  equator  to  a 
great  distance  will  be  to  impel  the  warm  water  of  the  tropics  over 
mto  the  Southern  Ocean.    But  this  is  not  all;  not  only  would 
the  median  line  of  the  trades  be  shifted  southwards,  but  the  great 
equatorial  currents  of  the  globe  would  also  be  shifted  southwards. 

**Let  us  now  consider  how  this  would  affect  the  Gulf-stream. 
The  South  American  continent  is  shaped  somewhat  in  the  form  of  a 
triangle,  with  one  of  its  angular  comers,  called  Cape  St  Eoque, 
pointing  eastwards.    The  equatorial  current  of  the  Atlantic  impinges 
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against  this  comer ;  bnt  as  the  greater  portion  of  the  current  lies  a 
little  to  the  north  of  the  comer,  it  flows  westward  into  the  Golf  of 
Mexico  and  forms  the  Gnlf-stream.  A  considerable  portion  of  the 
water,  however,  strikes  the  land  to  the  sonth  of  the  cape,  and  is 
deflected  along  the  shore  of  Brazil  into  the  Southem  Ocean,  fomung 
what  is  known  as  the  Brazilian  current.  Now,  it  is  obvions  that  the 
shifting  of  the  equatorial  current  of  the  Atlantic  only  a  few  d^rees 
to  the  south  of  its  present  position — a  thing  whidi  would  certainly 
take  place  under  the  conoitions  which  we  have  been  detaUing — 
would  turn  the  entire  current  into  the  BraziL'an  branch,  and  instead 
of  flowing  chiefly  into  the  Gulf  of  Mexico,  as  at  present,  it  would  all 
flow  into  the  bouthem  Ocean,  and  the  Gulf-stream  would  con- 
sequently be  stopped.  The  stoppage  of  the  Gulf-stream,  combined 
with  all  those  causes  which  we  have  just  been  considering;  would 
place  Europe  under  a  glacial  condition,  while  at  the  same  time  the 
temperature  of  the  Southem  Ocean  would,  in  consequence  of  the 
enormous  quantity  of  warm  water  received,  have  its  temperatare 
(already  high  from  other  causes)  raised  enomiously.  And  what 
holds  trae  in  regard  to  the  currents  of  the  Atlantic  holds  also  true, 
though  perhaps  not  to  the  same  extent^  of  the  currents  of  the  Pacific. 

^If  the  breadth  of  the  Gulf-stream  be  taken  at  50  miles,  its 
depth  at  1000  feet,  its  mean  velocity  at  2  statute  miles  an  hour,  the 
temperature  of  the  water  when  it  leaves  the  Gulf  at  65%  and  the 
return  current  at  40°  F^^  then,  as  has  been  shown  in  ClinuUe  and 
Time,  chapter  iL,  the  quantity  of  heat  conveyed  into  the  Atlantic 
by  this  stream  is  equal  to  one-fourth  of  all  the  heat  received  from 
the  sun  by  that  ocean  from  the  Tropic  of  Cancer  to  the  Arctic 
Circle.'  From  principles  discussed  at  considerable  length  in  Climate 
and  Time,  it  is  shown  that^  but  for  the  Gulf-stream  and  other 
currents,  London  would  have  a  mean  annual  temperature  40°  lower 
than  at  present 

''But  there  is  still  another  cause  which  must  be  noticed: — a 
strong  undercurrent  of  hit  from  the  north  implies  an  equally  strong 
upper  current  to  the  north.  Now  if  the  effect  of  the  undercurrent 
would  be  to  impel  the  warm  water  at  the  equator  to  the  south,  the 
effect  of  the  upper  current  would  be  to  carry  the  aqueous  vapour 
formed  at  the  equator  to  the  north ;  the  upper  current^  on  reaching 
the  snow  and  ice  of  temperate  regions,  would  deposit  its  moisture  in 
the  form  of  snow ;  so  that  it  is  probable  that,  notwithstanding  the 
great  cold  of  the  glacial  epoch,  the  quantity  of  snow  falling  in  the 
northem  region  would  be  enormous.  This  would  be  particularly  the 
case  during  summer,  when  the  earth  would  be  in  the  perihelion  and 

*  Sir  WyriUe  Thomson  Btates  that  in  May,  1873,  the  Challenger  expedition  found 
the  Gnlf-stieam,  at  the  point  where  it  was  crossed,  to  be  abont  sixty  miles  in  width, 
100  fathoms  deep,  and  flowing  at  the  rate  of  three  knots  per  hour.  This  makes  the 
Tolnme  of  the  stream  one-fifth  greater  than  the  abore  estimate. 

*  The  quantity  of  beat  conveyed  by  the  Gulf-stream  for  distribution  is  equal  to 
77,  479,650,000,000,000,000  foot-pounds  per  day.  The  quantity  received  twm  the  sun 
by  the  North  Atlantic  is  8K),923,000,000,000,000,000  foot-pounds. 
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the  heat  at  the  eqaator  greats  The  equator  would  be  the  furnace 
where  eyaporation  would  take  place,  and  the  snow  and  ice  of 
temperate  regions  would  act  as  a  condenser. 

"The  foregoing  considerations,  as  well  as  many  others  which 
might  be  stated,  lead  to  the  conclusion  that,  in  order  to  raise  the 
mean  temperature  of  the  globe,  wcUer  should  be  placed  olons  the 
equator,  and  not  land,  as  was  contended  by  Sir  Charles  Lyeli  and 
others.  For  if  land  be  placed  at  the  equator,  the  possibility  of 
oonyeying  the  sun's  heat  from  the  equatorial  regions  oy  means  of 
ocean  currents  is  preyented."^ 

Inter-Glacial  Periods. — Allusion  has  already  been  made  to 
the  accumulating  eyidence  that  changes  of  climate  haye  been  re- 
current, and  to  the  deduction  from  this  alternation  or  periodicity  that 
they  haye  probably  been  due  to  some  general  or  cosmical  cause.  Dr. 
CroU  has  ingeniously  shown  that  eyery  long  cold  period  arising  in 
each  hemisphere  from  the  circumstances  sketched  m  the  preceding 
pages,  must  haye  been  interrupted  by  seyeral  shorter  warm  periods. 
"When  the  one  hemisphere/  he  says,  "is  under  glaciation,  the 
other  is  enjoying  a  warm  and  equable  climate.    But,  owing  to  the 

E recession  of  the  equinoxes,  the  condition  of  things  on  the  two 
emispheres  must  be  reyersed  eyery  10,000  years  or  so.  When  the 
solstice  passes  the  aphelion,  a  contrary  process  commences ;  the  snow 
and  ice  gradually  begin  to  diminish  on  the  cold  hemisphere  and  to 
make  their  appearance  on  the  other  hemisphere.  The  glaciated 
hemisphere  turns  by  degrees  warmer,  and  the  warm  hemisphere 
colder,  and  this  continues  to  go  on  for  a  period  of  ten  or  twelye 
thousand  years,  until  the  winter  solstice  reaches  the  perihelion.  By 
this  time  the  conditions  of  the  two  hemispheres  haye  oeen  reyersed ; 
the  formerly  glaciated  hemisphere  has  now  become  the  warm  one, 
and  the  warm  hemisphere  the  glaciated.  The  transference  of  the  ice 
from  the  one  hemisphere  to  the  other  continues  as  long  as  the 
eccentricity  remains  at  a  high  yalue.  It  is  probable  that»  during  the 
warm  inter-glacial  periods,  Greenland  and  the  Arctic  regions  would 
be  comparatiyely  free  from  snow  and  ice,  and  enjoying  a  temperate 
and  equable  climate." 

*  Thftt  cUmato,  howerer,  may  be  oonsiderably  affected  by  changes,  snoh  as  are  known 
to  hare  taken  place  in  the  dUtribntion  of  land  and  sea,  most  be  frankly  conceded. 
This  has  been  recently  cogently  argned  by  Mr.  Wallace  in  his  "*  Ishmd  Life/'  1880. 
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BOOK  11. 

GEOGNOSY. 

AN  INVESTIGATION  OP  THE  BIATERIALS  OP  THE  EABTffS 

SUBSTANCE. 

Part  I. — A  General  Description  of  the  Parts  of  the  Earth. 

A  discussion  of  the  geolo^cal  changes  which  our  planet  has  under- 
gone, ought  to  be  preceded  bv  a  study  of  the  materials  of  which  the 
planet  consists.    This  latter  omnch  of  inquiry  is  termed  Geognosy. 

Viewed  in  a  broad  way,  the  earth  may  be  considered  as  con* 
sisting  of  (1)  two  envelopes, — an  outer  one  of  gas  completely 
surrounding  the  planet,  and  an  inner  one  of  water  covering  about 
three-fourths  of  the  globe ;  and  (2)  a  globe,  cool  and  solid  on  its 
surface,  but  possessing  a  high  internal  temperature. 

L—The  Envelopes. 

It  is  certain  that  the  present  gaseous  and  liquid  envelopes  of  the 
planet  form  only  a  portion  of  the  oridnal  mass  of  gas  and  water  with 
which  the  globe  was  invested.  Fully  a  half  of  the  outer  shell  or 
crust  of  the  earth  consists  of  oxygen,  which  there  can  be  no  doubt 
once  existed  in  the  atmosphere.  The  extent  likewise  to  which  water 
has  been  abstracted  by  mmerals  is  almost  incredible.  It  has  been 
estimated  that  already  one-third  of  the  whole  mass  of  the  ocean  has 
•  been  thus  absorbed.    Eventually  the  condition  of  the  planet  will 

f)robably  resemble  that  of  the  moon — a  globe  without  air  or  water  or 
ife  of  any  kind. 

L  The  Atmosphere. — The  gaseous  envelope  to  which  the  name 
of  atmosphere  is  given  extends  at  least  to  a  distance  of  40  or  45 
miles  from  the  earui's  surface,  perhaps  in  a  state  of  extreme  tenuity 
to  a  much  CTcater  height  But  its  thickness  must  necessarily  vaiy 
with  latituoe  and  changes  in  atmospheric  pressure.  The  layer  of  air 
lyin^  over  the  poles  is  not  so  deep  as  that  which  surrounds  the  equator. 
Man^  speculations  have  been  made  regarding  the  chemical 
composition  of  the  atmosphere  during  former  geological  periods. 
There  can  indeed  be  no  doubt  that  it  must  origmally  have  differed 
very  greatly  from  its  present  condition.  Besides  the  abstraction 
of  the  oxygen  which  now  forms  fully  a  half  of  the  outer  crust  of 
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the  earthy  the  vast  beds  of  coal  found  all  oyer  the  world,  in  geological 
hnnaJdons  of  many  different  ages,  doubtless  represent  so  much 
carbon  dioxide  once  present  in  the  air.  The  chlorides  in  the  sea 
likewise  were  probably  carried  down  out  of  the  atmosphere  in 
the  primitiye  condensation  of  aqueous  yapour.  It  has  often  been 
suggested  that  during  the  Carboniferous  period  the  atmosphere  must 
haTB  been  warmer  and  with  more  aqueous  vapour  and  carbon  dioxide 
in  its  composition  than  at  the  present  day,  to  admit  of  so  luxuriant 
a  flora  as  that  from  which  the  coal-seams  were  formed.  There  seemSy 
boweyer,  to  be  at  present  no  method  of  arriving  at  any  certainty  on 
this  subject 

As  now  existing,  the  atmosphere  is  considered  to  be  normally  a 
mechanical  mixture  of  nearly  4  volumes  of  nitrogen  and  1  of  oxygen 
(N  79*4, 0  20*6),  with  minute  proportions  of  carbon  dioxide  (carbonic 
add)  and  water-vapour  and  still  smaller  quantities  of  ammonia  and 
die  powerful  oxidising  agent  ozone.  These  quantities  are  liable  to 
8ome  variation  accordmg  to  locality.  The  mean  proportion  of  carbon 
dioxide  is  abont  4  parts  in  every  10,000  of  air.  In  the  air  of  streets 
and  houses  the  proportion  of  oxygen  diminishes,  while  that  of  carbon 
dioxide  increases.  According  to  the  minute  researches  of  Dr.  Angus 
Smith,  very  pure  air  should  contain  not  less  than  20*99  per  cent, 
of  oxygen,  with  0*030  of  carbon  dioxide;  but  he  found  impure  air 
in  Manchester  to  have  only  20*21  of  oxygen,  while  the  proportion 
of  carbcm  dioxide  in  that  city  during  fog  was  ascertained  to  rise 
sometimes  to  0*0679,  and  in  the  pit  of  the  theatre  to  the  very 
large  amount  of  0*2734.  Small  as  the  percentage  of  carbon 
dioxide  in  ordinary  air  may  seem,  yet  the  total  amount  of  this  gas 
in  the  whole  atmosphere  probably  exceeds  what  would  be  dis- 
engaged if  all  the  vegetable  and  animal  matter  on  the  earth's 
surface  were  burnt. 

The  other  substances  in  the  air  are  gases,  vapours,  and  solid 
particles.  Of  these  by  much  the  most  important  is  the  vapour  of 
water,  which  is  always  present,  but  in  very  variable  amount  accord- 
ing to  temperature.^  It  is  this  vapour  which  condenses  into  dew, 
lain,  hail,  and  snow.  In  assuming  a  visible  form,  and  descending 
AroQg^  the  atmosphere,  it  takes  up  a  minute  quantity  of  air,  and 
of  the  different  substances  which  the  air  may  contain.  Being  caught 
by  the  rain,  and  held  in  solution  or  suspension,  these  substances  can 
be  best  examined  by  analysing  rain-water.  In  this  way  the  atmo- 
spheric gases,  ammonia,  nitric,  sulphurous,  and  sulphuric  acids, 
chlorides,  various  salts,  solid  carbon,  inorganic  dust,  and  organic 
matter  have  been  detected.  To  the  fine  microscopic  dust  so  abun- 
dant in  the  air,  great  importance  in  the  condensation  of  vapour 
has  recently  been  assigned.    (Book  lU.  Part  11.  Section  ii.) 

*  A  caMe  metre  of  air  at  the  freezing  point  can  hold  onlj  4*871  grammes  of  water- 
^{Krar,  hot  at  40°  C.  can  take  np  50*70  grammes.  One  cubic  mile  of  air  saturated  with 
v^wor  at  35°  0.  will  if  cooled  to  0°  deposit  upwards  of  140,000  tons  of  water  as  rain. 
BoMoe  and  Scborlemmer's  <«  Ghenustryr  !•  p.  452. 
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The  comparatively  small  but  by  no  means  unimportant  proportions 
of  these  minor  components  of  the  atmosphere  are  much  more  liable 
than  the  more  essential  gases  to  variations.  Chloride  of  sodium, 
for  instance,  is,  as  might  be  expected,  particularly  abuudant  in  the 
air  bordering  the  sea.  Nitric  acid,  ammonia,  and  sulphuric  acid 
appear  in  tne  air  of  towns  most  conspicuously.  The  organic 
substances  present  in  the  air  are  sometimes  living  germs,  such  as 
probably  often  lead  to  the  propagation  of  disease,  and  sometimes 
mere  fine  particles  of  dust  derived  from  the  bodies  of  living  or  dead 
organisms.^ 

As  a  geolo^cal  agent  the  atmosphere  effects  changes  by  the 
chemical  reactions  of  its  constituent  gases  and  vapours,  by  its 
varying  temperature,  and  by  its  motions.  Its  functions  in  these 
respects  are  described  in  Book  III.  Part  IL  Section  i. 

2.  The  Oceans. — About  three-fourths  of  the  surface  of  the  globe 
(or  about  144,712,000  square  miles^  are  covered  by  the  irregular 
sheet  of  water  known  as  the  Sea.  Within  the  last  ten  years  much 
new  light  has  been  thrown  upon  the  depths,  temperatures,  and 
biological  conditions  of  the  ocean-basins,  more  particularly  by  the 
Lightning^  Porcupine^  and  Chdllenger,  expeditions  fitted  out  by 
the  British  Government  It  has  been  ascertained  that  few  parts 
of  the  Atlantic  Ocean  exceed  3000  fathoms,  the  deepest  sounding 
obtained  there  being  one  taken  about  100  miles  north  from  the 
island  of  St.  Thomas,  which  gave  3875  fathoms,  or  rather  less  than  4^ 
miles.  The  Atlantic  appears  to  have  an  average  depth  in  its  more 
open  parts  of  from  2000  to  3000  fathoms,  or  from  about  2  to  3^  miles. 
In  the  Pacific  Ocean  the  Challenger  got  soundings  of  3950  and 
4475  fathoms,  or  about  4^  and  rather  more  than  5  miles.  But 
these  appear  to  mark  exceptionally  abysmal  depressions,  the  average 
depth  being,  as  in  the  Atlantic,  between  2000  and  3000  fathoms. 
'We  may  therefore  assume,  as  probably  not  far  from  the  truth,  that 
the  average  depth  of  the  ocean  is  about  2,500  fathoms,  or  nearly  3 
miles.  Its  totiu  cubic  contents  will  thus  be  about  400  millions  of 
cubic  miles. 

With  regard  also  to  the  form  of  the  great  ocean  bottoms,  much 
additional  information  has  recently  been  obtained.  Over  vast  areas 
in  the  central  regions  of  the  sea^  the  floor  appears  to  form  great  plains 
with  comparatively  few  inequalities,  but  with  lines  of  submarine 
ridges  comparable  to  chains  of  hills  or  mountains  on  the  land.  The 
crests  of  some  of  these  ridges  rise  above  the  sea-level,  as  in  the 
remarkable  line  of  islands  in  the  south-western  region  of  the  Pacific 
Ocean.    It  is  significant  that  the  islands  which  thus  appear  far  from 

*  The  air  of  towns  is  peculiarly  rich  in  impurities,  especially  in  manufacturing  districts, 
where  much  coal  is  used.  These  impurities,  however,  though  of  serious  consequenoe  to 
tike  towns  in  a  sanitary  point  of  view,  do  not  sensibly  affect  the  seneral  atmosphere, 
seeing  that  they  are  prolmbly  ingreat  measure  taken  out  of  the  air  by  rain,  even  m  the 
districts  which  produce  them.  They  possess,  however,  a  special  geological  sifi^nificauoe, 
and  in  this  respect,  too,  have  important  economic  bearings.  See  on  this  whole  sabject, 
Br.  Angus  Bmitii'B  Air  and  Bain, 
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any  large  mass  of  land  are  of  volcanic  origin  and  contain  no  ancient 
formations.  St  Helena  and  Ascension  in  the  Atlantic,  and  the  Friendly 
and  Sandwich  Islands  in  the  Pacific  Ocean  are  conspicuous  examples. 

The  water  of  the  oceans  is  distinguished  from  oAiinary  terrestrial 
waters  by  a  higher  specific  gravity,  and  the  presence  oi  so  large  a 
proportion  of  saline  ingredients  as  to  impart  a  strongly  salt  taste. 
The  average  density  of  sea-water  is  about  1*026,  but  it  varies 
slightly  in  different  parts  even  of  the  same  ocean.  According  to  the 
recent  observations  of  Mr.  J.  Y.  Buchanan  during  the  Challenger 
expedition,  some  of  the  heiaviest  sea-water  occurs  in  the  pathway  of 
the  trade-winds  of  the  North  Atlantic,  where  evaporation  must  be 
comparatively  rapid,  a  densitv  of  1*02781  being  registered.  Where, 
however,  large  rivers  enter  the  sea,  or  where  there  is  much  melting 
ice,  the  density  diminishes;  Mr.  Buchanan  found  among  the  broken 
ice  of  the  Antarctic  Ocean  that  it  had  sunk  to  1*02418.^ 

The  greater  density  of  sea-water  depends  of  course  upon  the  salts 
which  it  contains  in  solution.  At  an  early  period  in  the  earth's 
lustory  the  water  now  forming  the  ocean,  togetner  with  the  rivers, 
lakes  and  snowfields  of  the  land,  existed  as  vapour,  in  which  were 
mingled  many  other  gases  and  vapours,  the  whole  forming  a  vast 
atmosphere  surrounding  the  still  intensely  hot  globe.  Under  the 
enormous  pressure  of  the  primaeval  atmosphere  the  first  condensed 
water  mi^ht  have  had  the  temperature  of  a  dull  red  heat.^  In  con- 
densing, it  would  carry  down  with  it  many  substances  in  solution. 
The  salts  now  present  in  sea-water  are  to  be  regarded  as  principally 
derived  from  tne  primeval  constitution  of  the  sea,  and  ttius  we  may 
infer  that  the  sea  nas' always  been  salt.  .  It  is  also  probable  that,  as 
in  the  case  of  the  atmosphere,  the  composition  of  the  ocean  water  has 
acouired  its  present  character  only  after  many  ages  of  slow  change, 
and  the  abstraction  of  much  mineral  matter  originally  contained  in 
it^  There  is  evidence  indeed  among  the  geological  formations  that 
large  quantities  of  lime,  silica,  chlorides,  and  sulphates  have  in  the 
course  of  time  been  removed  from  the  sea.' 

Bat  it  is  manifest  also  that,  whatever  may  have  been  the  original 
compoeition  of  the  oceans,  they  have  for  a  vast  section  of  geological 
time  been  constantly  receiving  mineral  matter  in  solution  from  the 
land.  Every  spring,  brook,  and  river  removes  various  salts  from  the 
rocks  over  which  it  moves,  and  these  substances,  thus  dissolved, 
eventoally  find  their  way  into  the  sea.  Consequently  sea-water 
ought  to  contain  more  or  less  traceable  proportions  of  every  substance 
wluch  the  terrestrial  waters  can  remove  from  the  land,  in  short,  of 
probably  every  element  present  in  the  outer  shell  of  the  globe,  for 
there  seems  to  be  no  constituent  of  the  earth  which  may  not,  under 

•  BnchADftn,  Proe,  Boy.  8oe,  (ISlCi),  vol,  xxiv. 

2  Q.  J.  OfioL  8oe.  xxxvi.  (1880)  pp.  112, 117. 

'  Dr.  Sterry  Hunt  even  rapposea  that  the  saliDe  waters  of  Canada  and  the  northern 
Stales  dcriTe  their  mineral  ingredients  from  the  salts  stiU  retained  among  the  sediments 
a&d  precipitates  of  the  andent  Ben  in  which  the  earlier  Palieozsoic  rocks  were  deposited. 
—  Gtciogiealand  Chemical  E69ay$j  p.  104. 
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certain  circumstances,  be  held  in  solution  in  water.  Moreover,  unless 
there  be  some  counteracting  process  to  remove  these  mineral 
ingredients,  the  ocean  water  ought  to  be  growing,  insensibljr  perhaps, 
Salter,  for  the  supply  of  saline  matter  from  the  land  is  incessant. 
It  has  been  ascertained  indeed,  with  some  approach  to  certainty,  that 
the  salinity  of  the  Baltic  and  Mediterranean  is  gradually  increasing.^ 
The  average  proportion  of  saline  constituents  in  the  water  of  Sie 

freat  oceans  far  from  land  is  about  three  and  a  half  parts  in  every 
undred  of  water.  But  in  enclosed  seas,  receiving  much  fresh  water, 
it  is  greatly  reduced,  while  in  those  where  evaporation  predominates 
it  is  correspondingly  augmented.  Thus  the  Baltic  water  contains 
from  one-seventh  to  nearly  a  half  of  the  ordinary  proportion  in 
ocean  water,  while  the  Mediterranean  contains  sometimes  one-sixth 
more  than  that  proportion.  Forchhammer  has  shown  the  presence 
of  the  following  twenty-seven  elements  in  sea-water:  oxygen, 
hydrogen,  chlorine,  bromine,  iodine,  fluorine,  sulphur,  phosphorus, 
nitrogen,  carbon,  silicon,  boron,  silver,  coj)per,  lead,  zmc,  cobalt, 
nickel,  iron,  manganese,  aluminium,  magnesium,  calcium,  strontium, 
barium,  sodium,  and  potassium.'  To  tiiese  may  be  added  arsenic, 
lithium,  caesium,  rubidium,  gold,  and  probably  still  other  elements. 
A  variable  proportion  of  organic  matter  is  always  present.  The 
chief  mineral  constituents  occur  in  the  following  average  ratios : — 

Pexcentige. 

Sodium  chloride  ^oommon  salt) 75*786 

Magnesinm  chlonde 9*159 

Potassium  chloride 3*657 

Calcium  sulphate  (gypsum) ,     ,  4*617 

Magnesium  sulphate  (Epsom  salts)      ....  5*597 

Sodium  bromide 1*184 

100*000 
Total  percentage  of  salts  in  sea-water      .     .      3*527 

In  addition  to  its  salts  sea-water  always  contains  dissolved  atmo- 
spheric gases.  From  the  researches  conducted  during  the  voyage  of 
the  Bonite  in  the  Atlantic  and  Indian  Oceans  it  was  estimated 
that  the  gases  in  100  volumes  of  sea-water  ranged  from  1-85  to  3-04, 
or  from  two  to  three  per  cent.  From  observations  made  during 
the  Porcupine  cruise  of  1868  it  was  inferred  that  the  proportion  of 
oxygen  was  greatest  (25-1  per  cent.)  in  the  surface  water,  and  least 
(19-5)  in  the  bottom  water,  while  that  of  carbonic  acid  was  least  at 
the  top  (20-7)  and  greatest  (27-9)  at  the  bottom,  and  that  the  action 
of  the  waves  was  partially  to  eliminate  the  latter  gas  and  to  increase 
the  amount  of  oxygen.  More  recently,  however,  durmg  the  voyage 
of  the  ChaUengeVy  Mr.  J.  Y.  Buchanan  ascertained  that  ^Se 
proportion  of  carbonic  acid  was  always  nearly  the  same  for  similar 

>  Paul,  in  Watts's  Dictionary  of  Chemistry,  v.  p.  1020. 

*  Forchhammer,  Phil.  Trans,  civ.  p.  205.  According  to  Thorpe  and  Morton  {Chem, 
8oc,  Joum  xxiv.  p.  506),  the  water  of  the  Irish  Sea  oontaina  in  winter  rather  more  salts 
than  in  summer,  owing  to  diminished  evaporation  and  a  less  supply  of  fresh  water. 
These  autliors  state  that  in  1000  grammes  of  the  summer  water  of  the  Irish  Sea  they 
found 004754  gramme  of  carbonate  of  lime,  0*00503  of  ferrous  carbonate  and  traces  i 
silicic  acid. 
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temperalures,  the  amount  in  the  Atlantic  surfaco  water,  between 
20°  and  25°  C.,  being  0*0466  gramme  per  litre,  and  in  the  surface 
Pacific  water  0'0268.  He  points  out  the  curious  fact  that,  according 
to  his  analyses,  sea- water  contains  sometimes  at  least  thirty  times  as 
much  carbonic  acid  as  an  equal  bulk  of  fresh  water  would  do,  and  he 
tmoes  the  greater  power  of  absorption  to  the  presence  of  the  sulphates.^ 

II.— The  Solid  Globe. 

Within  the  atmospheric  and  ooeam'o  envelopes  lies  the  inner  solid 
globe.  The  only  portion  of  it  which  rising  afove  the  sea  is  visible 
to  us,  and  forms  what  we  term  Land,  occupies  about  one-fourth  of  the 
total  superficies  of  the  globe,  or  about  52,000,000  square  miles. 

§  L  The  Onier  Surface. — The  land  placed  chieny  in  the  northern 
hemisphere  is  disposed  in  lar^e  masses,  or  continents,  which  taper 
southwards  to  about  half  the  distance  between  the  equator  and  the 
south  pole.  No  adequate  cause  has  yet  been  assigned  for  the  present 
distribution  of  the  land.  It  can  be  shown,  however,  that  portions  of 
the  continents  are  of  extreme  geological  antiquity.  There  is  reason 
to  believe,  indeed,  that  the  present  terrestrial  areas  have  on  the  whole 
been  limd,  or  have  at  least  never  been  submerged  beneath  deep  water 
from  the  time  of  the  earliest  stratified  formations ;  and  that,  on  the 
i^er  hajid,  the  ocean  basins  have  always  been  vast  areas  of  depression. 
This  subject  will  be  discussed  in  subsequent  parts  of  this  volume. 

In  the  new  world  the  continental  trend  is  approximately  north 
and  south  ;  in  the  old  world,  though  less  distinctly  marked  it  ranges 
on  the  whole  east  and  west.  An  intimate  relation  may  be  observed 
between  this  general  trend  and  the  direction  of  the  mountain  chains. 
This  is  best  exhibited  by  the  American  continent.  In  the  old  world, 
Europe  and  Africa,  though  now  disjoined,  were  once  united,  and  may 
be  considered  as  one  continental  mass.  Europe  and  Asia,  on  the 
other  hand,  thouffh  now  united  were  partiallv  separated  in  compara- 
tively recent  geological  times  by  a  long  inlet  which  extended  for 
several  hundred  miles  southward  from  the  Arctic  Ocean,  and  by  the 
great  Mediterranean  Sea,  of  which  the  existing  Black,  Caspian,  and 
Aral  Seas  are  the  shrunk  remnants.  Asia  is  linked  with  Australia 
by  a  great  chain  of  islands ;  but  there  is  no  reason  to  suppose  that 
the  rdation  was  ever  closer  than  it  is  now.  On  the  contrary,  the 
great  contrast  between  the  Asiatic  and  Australian  faunas  affords 
good  grounds  for  the  belief,  that  at  least  for  an  enormous  period  of  time 
Asia  and  AnstraUa  have  been  divided  by  an  important  barrier  of  sea. 

While  any  good  map  of  the  globe  enables  us  to  see  at  a  glance 
the  relative  position  and  area  oi  the  continents  and  oceans,  most 
maps  &il  to  mmish  any  data  bv  which  the  general  height  or  volume 
of  a  continent  may  be  estimated.  As  a  rule,  the  mountain  chains  are 
exaggerated  in  breadth,  and  incorrectly  indicated,  while  no  attempt 
isim^eto  distinguish  between  high  plateaux  and  low  plains.    In 

*  Proo.  Bay,  80c.  xxiv. 
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North  America,  for  example,  a  continnous  shaded  ridpe  is  placed 
down  the  axis  of  the  c5ontment  and  marked  **  Kocky  Mountains," 
while  the  vast  level  or  gently  rolling  prairies  are  left  with  no  mark 
to  distinguish  them  fix)m  the  maritime  plains  of  the  eastern  and 
southern  states.  In  reality  there  is  no  such  continuous  mountain 
chain.  The  so-called  ^'Bocky  Mountains^  consist  of  many  inde- 
pendent, and  sometimes  widely  separate  ridges,  having  a  general 
meridional  trend  rising  above  a  vast  plateau,  which  is  itself  4000  or 
5000  feet  in  elevation.  It  is  not  these  intermittent  ridges  which 
really  form  the  great  mass  of  the  land  in  that  region,  but  the 
widely  extended  lofty  plateau,  or  rather  succession  of  plateaux,  which 
supports  them.  In  Europe  also  the  Alps  form  but  a  subordinate 
part  of  the  total  bulk  of  the  land.  If  their  materials  could  be 
spread  out  over  the  continent,  it  has  been  calculated  that  they  would 
not  increase  its  height  more  than  about  twenty-one  feet 

Attemj^ts  have  been  made  to  estimate  the  probable  average 
height  which  would  be  attained  if  the  various  inequalities  of  the 
land  could  be  levelled  down.  Humboldt  estimated  that  the  mean 
height  of  Europe  must  be  about  671,  of  Asia  1132,  of  North  America 
748,  and  of  South  America  1151  feet.^  Herschel  supposed  the 
mean  height  of  Africa  to  be  1800  feet.'  These  figures,  though 
based  on  the  best  data  available  at  the  time,  are  probably  not  very 
near  the  truth.  In  particular,  the  average  height  assigned  to  North 
America  is  evidently  less  than  it  should  be ;  for  the  great  plains 
west  of  the  Mississippi  valley  reach  an  altitude  of  about  5000  feet, 
and  serve  as  the  platform  from  which  the  mountain  ranges  rise. 
Becent  calculations  by  G.  Leipoldt  give  for  the  mean  height  of 
Europe  296-838  metres  (973*628  feet).^  It  is  verv  desirable  that 
more  reliable  estimates  should  now  be  made  for  the  whole  globe, 
as  furnishing  a  means  of  comparison  between  the  relative  bulk  of 
different  continents,  and  the  amount  of  material  on  which  geological 
changes  can  be  effected. 

The  highest  elevation  of  the  surface  of  the  land  is  the  summit 
of  Mount  Everest,  in  the  Himalaya  range  (29,002  feet) ;  the  deepest 
depression  not  covered  by  water  is  that  of  the  shores  of  the  Dead 
Sea  (1300  feet  below  sea-level).  There  are,  however,  manv  subaqueous 
portions  of  the  land  which  sink  to  far  greater  depths.  The  bottom  of 
the  Caspian  Sea,  for  instance,  lies  about  3000  feet  below  the  general 
sea-level. 

There  are  two  conspicuous  junction-lines  of  the  land  with  its 
overlying  and  surrounding  envelopes.  First,  with  the  Air,  expressed 
by  the  contours  or  relief  of  the  land.  Second,  with  the  8^  expressed 
by  coast-lines. 

"  Atie  CentraU,  torn.  1,  p.  168.  »  Phymcal  Otographp,  p.  119. 

s  Die  MUiUre  Hohe  hurapagj  Leipzig,  1874.  In  ibis  work  the  mean  height  of 
BwitserUnd  it  put  down  m  1299*01  inetiies:  Aostria,  517'87 ;  lUly,  51717:  ScmndSMTis, 
42810;  France,  893-84:  Great  Britain,  217*70:  German  Empire,  213*66;  RuMia, 
167-09:  Bclgiam,  16836:  Denmark  (ezclniiTe  of  Iceland),  35*20;  the  Notherkikda 
(oxolosiTe  of  Loxembonrg  and  the  trftcts  below  sea-level),  9*61. 
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(1)  Conionrs  or  Belief  of  the  Land. — WhUe  the  surface 
of  the  land  presents  endless  diversities  of  detail,  its  leading  features 
may  be  generalised  under  the  designations  of  mountains,  table-landsy 
tndplains. 

moufUcUns. — The  word  ''  mountain  "  is,  properly  speaking,  not  a 
scientific  temu  It  includes  many  forms  of  ground  utterly  difiercnt 
iroin  each  other  in  size,  shape,  structure,  and  origin.  It  is  popularly 
applied  to  any  considerable  eminence  or  range  of  heights,  but  the 
height  and  size  of  the  elevated  ground  so  designated  vary  indefinitely. 
In  a  really  mountainous  country  the  word  would  be  restricted  to 
the  loftier  masses  of  ground,  while  such  a  word  as  hill  would  be 
given  to  the  lesser  heights.  But  in  a  region  of  low  or  gently 
undulating  land,  where  any  conspicuous  eminence  becomes  important, 
the  term  mountain  is  lavishly  used.  In  Eastern  America  this 
habit  has  been  indulged  in  to  such  an  extent,  that  what  are,  so  to 
speak,  mere  hummocKs  in  the  general  landscape,  are  dignified  by  the 
name  of  mountains. 

It  is  hardly  possible  to  give  a  precise  scientific  definition  to  a  term 
80  vaguely  employed  in  ordinary  language.  When  a  geologist 
uses  tike  word,  he  must  either  be  content  to  take  it  in  its  familiar 
vague  sense,  or  must  add  some  phrase  defining  the  meaning  which  he 
attaches  to  it  He  finds  that  there  are  three  leading  and  totally 
distinct  types  of  elevation  which  are  all  popularly  termed  mountains. 
1.  Single  eminences  standing  alone  upon  a  plain  or  table-land.  This 
is  essentiidly  the  volcanic  type.  The  huge  cones  of  Vesuvius,  Etna, 
and  Teneriffe,as  well  as  the  smaller  ones  so  abundant  in  volcanic  dis- 
tricts, are  examples  of  it  There  occur,  however,  occasional  isolated 
eminences  that  stand  up  as  remnants  of  once  extensive  rock-formations. 
These  have  no  real  analogy  with  volcanic  elevations,  but  should  be 
clawed  under  the  next  type.  The  remarkable  buUes  of  Western 
America  are  good  illustrations  of  them.  2.  Groups  of  eminences 
connected  at  the  sides  or  base,  often  forming  lines  of  ridge  between 
divergent  vcdleys,  and  owing  their  essential  forms  not  to  underground 
structure  so  much  as  to  superficial  erosion.  Many  of  the  more  ancient 
uplands  both  in  the  Ola  World  and  the  New  furnish  examples  of 
this  type,  such  as  the  Highlands  of  Scotland,  the  hills  of  Cumberland 
and  Wales,  the  high  grounds  between  Bohemia  and  Bavaria,  the 
Laurentide  Mountains  of  Canada,  and  the  Green  and  White  Mout- 
tains  of  New  England.  3.  Lines  of  lofty  ridge  rising  into  a  suc- 
cession of  more  or  less  distinct  summits,  their  general  external  form 
having  relation  to  an  internal  plication  of  their  component  rocks. 
These  linear  elevations,  where  their  existence  and  trend  have  been 
determined  immediately  by  subterranean  movement,  are  the  true 
mountain-ranges  of  the  globe.  They  may  be  looked  upon  as  the 
crests  of  the  great  waves  into  which  the  crust  of  the  earth  has  been 
thrown.    All  the  great  mountain  lines  of  the  world  belong  to  this  type. 

Leaving  the  details  of  mountain  form  to  be  described  m  Book  VIL, 
we  may  confine  our  attention  here  to  a  few  of  the  more  important 
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general  features.  In  elevatioite  of  the  third  or  true  moantain  type, 
there  may  be  either  one  line  or  range  of  heights,  or  a  scries  of 
parallel  and  often  coalescent  ranges.  In  the  Western  Territories 
of  the  United  States,  the  vast  plateau  has  been  as  it  were  wrinkled 
by  the  uprise  of  long  intermittent  ridges,  with  broad  plains  and  basins 
between  them.  Each  of  these  forms  an  independent  mountain  range. 
In  the  heart  of  Europe,  the  Bernese  Oberland,  the  Pennine,  Lepontine, 
Bhaetic,  and  other  ranges  form  one  great  Alpine  chain  or  system. 

In  a  great  mountain  chain  such  as  the  Alps,  Himalayas,  or  Andes, 
there  is  one  general  persistent  trend  for  the  successive  ridges.  Here 
and  there  lateral  omhoots  may  diverge,  but  the  dominant  oirection  of 
the  axis  of  the  main  chain  is  generally  observed  by  its  component  ridges 
until  they  disappear.  Yet  while  the  general  parallelism  is  preserved, 
no  single  range  may  be  traceable  for  more  than  a  comparatively 
short  distance ;  it  may  be  found  to  pass  insensibly  into  another,  while 
a  third  may  be  seen  to  begin  on  a  slightly  different  line,  and  to 
continue  with  the  same  dominant  trend  until  it  in  turn  becomes 
confluent  The  various  ranges  are  thus  apt  to  assume  an  arrange- 
ment en  ichelan. 

The  ranges  are  separated  by  hngitudinal  valleys,  that  is,  de- 
pressions coincident  with  the  general  oirection  of  the  chain.  These, 
though  sometimes  of  ^reat  length,  are  relatively  of  narrow  width* 
The  valley  of  the  Bhone,  from  the  source  of  the  river  down  to 
Martigny,  offers  an  excellent  example.  By  a  second  series  of  valleys 
the  ranges  are  trenched,  often  to  a  ^eat  depth,  and  in  a  direction 
transverse  to  the  general  trend.  The  llhdne  furnishes  also  an  example 
of  one  of  these  transverse  valleys,  in  its  coarse  from  Martigny  to  the 
Lake  of  Geneva.  In  most  mountain  regions  the  heads  of  two  adjacent 
transverse  vallevs  are  connected  by  a  depression  or  pass  (eol,  jaeh). 

A  large  block  of  mountain  ^und,  rising  into  one  or  more  dominant 
summits,  and  more  or  less  distmctly  defined  by  longitudinal  and  trans- 
verse vallevs,  is  termed  in  French  a  massif— Sk  worn  for  which  there  is 
no  good  Einglish  equivalent  Thus  in  the  Swiss  Alps  we  have  the 
massifs  of  the  Glamisch,  the  Todi,  the  Matterhom,  the  Jungfrau,  &c 
Very  exaggerated  notions  are  common  regarding  the  au^le  of 
declivity  in  mountains.  Sections  drawn  across  anv  mountam  or 
mountain-chain  on  a  true  scale,  that  is,  with  the  leneth  and  heighten 
the  same  scale,  bring  out  the  fact  that  even  in  the  loftiest  mountains 
the  breadth  of  base  is  always  very  much  greater  than  the  height 
Actual  vertical  precipices  are  less  frequent  than  is  usually  suppled, 
and  even  when  they  do  occur,  form  but  incidents  in  the  fi^neral 
declivity  of  mountains.  Angles  of  slope  more  than  30"^  are  likewise 
far  less  abundant  than  casual  tourists  believe.  Even  such  steep 
declivities  as  those  of  38^  or  40^  are  most  frequently  found  as 
/a/u^-slopes  at  the  foot  of  crumbling  cliffs,  and  represent  the  angle 
of  repose  of  the  disintegrated  debris.  Here  and  there,  where  the 
blocks  loosened  by  weathering  are  of  lar^e  size,  they  may  accumulate 
upon   each  other  in  such   a  manner  that  for  short  distances  the 
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arerage  angle  of  declivity  may  monnt  as  high  as  65°. 
But  such  steep  slopes  are  of  .limited  extent.  Declivities 
exceeding  40  ,  and  bearing  a  large  proportion  to  the 
total  dimensions  of  hill  or  mountain,  are  always  found 
to  consist  of  naked  rock.  In  estimating  angles  of  inclina- 
tion from  a  distance,  the  student  will  learn  by  practice 
how  apt  is  the  eye  to  be  deceived  by  perspective  and  to 
exaggerate  the  true  declivity,  sometimes  to  mistake  a 
horizontal  for  a  highly  inclined  or  vertical  line.  The 
mountain  outline  shown  in  Fig.  2  presents  a  slope  of  25^ 
between  a  and  6,  of  45°  between  h  and  c,  of  17°  between  c 
and  d,  of  4CP  between  d  and  e,  and  of  70°  between  e  and  /. 


B  >-| 

Fig.  2.~Ak6ijes  ov  Slope  whxbe   the   Eye   mat  be   degbited  bt  g^M 
PEBsrsoTTTE.     (AiTEB   BrasiN.)    A,  Mountain   Outline  ;  b,  the  |  g 

SAME  OCTUNS  Afl  SHOWN  BY  A  COTTAGE  RoOF.  g  | 

At  a  great  distance,  or  with  bad  conditions  of  atmosphere,  ^  | 
these  might  be  believed  to  be  the  real  declivities.  Yet  "  Z. 
if  the  same  angles  be  observed  in  another' way  (as  on  a  ^s 
cottaffe  roof  at  B),  we  may  learn  that  an  apparently  in-  3  p 
cUned  surface  may  really  be  horizontal^  (as  from  a  to  6  and  w^ 
from  e  to  d),  and  that  by  the  effect  of  perspective,  slopes  may  5  "^ 
fce  made  to  appear  much  steeper  than  they  really  are.  ^  g 

Much  evil  has  resulted  in  geological  research  from  - 
the  use  of  exaggerated  angles  of  slope  in  sections  and 
diagrams.  It  is  therefore  desirable  that  the  student  should 
from  the  beginning  accustom  himself  to  the  drawing  of 
^outlines  as  nearly  as  possible  on  a  true  scale.  The  ac- 
companying section  of  the  Alps  by  Be  la  Beche  (Fig.  3)  is 
of  interest  in  this  respect  as  one  of  the  earliest  illustrations 

*  Mr.  Bnakin  has  weU  illustrated  ibis  point.    8ee  Modem  PainterSf  vol.  iv.  p.  183, 
Irhence  the  mnstrations  in  the  tost  are  taken. 
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of  the  advantage  of  constructing  geological  sections  on  a  true  scale 
as  to  the  relative  proportions  of  height  and  length.^ 

Tahle-landa  or  Plateaux  are  elevated  regions  of  flat  or  nndulating 
country,  rising  to  heights  of  1000  feet  and  upwards  above  the  level 
of  the  sea.  They  are  sometimes  bordered  with  steep  slopes,  which 
descend  from  their  edges,  as  the  table-lcmd  of  the  Spanish  peninsula 
does  into  the  sea.  In  other  cases  they  gradually  sink  into  the  plains 
and  have  no  definite  boundaries ;  thus  the  prairie  land  west  of  the 
Missouri  slowly  and  imperceptibly  ascends  until  it  becomes  a  vast 
plateau  from  4000  to  5000  feet  above  the  sea.  Occasionally  a  high 
table-land  is  encircled  with  lofty  mountains,  as  in  those  of  Quito 
and  Titicaca  among  the  Andes,  and  that  of  the  heart  of  Asia ;  or  it  forms 
in  itself  the  platform  on  which  lines  of  mountains  stand,  as  in  North 
America,  where  the  ranges  included  within  the  Eocky  Mountains 
reach  elevations  of  from  10,000  to  14,000  feet  above  the  sea,  but 
not  more  than  from  5000  to  10,000  feet  above  the  table-land. 

Two  types  of  table-land  structure  may  be  observed.  1.  Table- 
lands consisting  of  level  or  gently  undulated  sheets  of  rock,  the 
general  surface  of  the  country  corresponding  with  that  of  the 
stratification.  The  Eocky  Mountain  plateau  is  an  example  of  this 
type,  which  may  be  called  that  of  Deposit,  for  the  flat  strata  have 
been  equably  upraised  nearly  in  the  position  in  which  they  were 
deposited.  2.  Table-lands  formed  out  of  contorted,  crystalline,  or 
other  rocks,  which  have  been  planed  down  by  superficial  agents. 
This  type,  where  the  external  form  is  independent  of  geological 
structure,  may  be  termed  that  of  Erosion.  Thefjelds  of  Norway  are 
portions  of  such  a  table-land.  In  proportion  to  its  antiquity,  a  plateau 
IS  trenched  by  running  water  into  systems  of  valleys,  until  in  the  end  it 
may  lose  its  plateau  character  and  pass  into  the  second  type  of  moun- 
tain ground  above  described.  This  change  has  largely  altered  the 
ancient  table-land  of  Scandinavia,  as  will  he  illustrated  in  Book  VIL 

Plains  are  tracts  of  lowland  (under  1000  feet  in  height)  which 
skirt  the  sea-board  of  the  continents  and  stretch  inland  up  the  river 
valleys.  The  largest  plain  in  the  world  is  that  which,  beginning  in 
the  centre  of  the  British  Islands,  stretches  across  Europe  and  Asia. 
On  the  west  it  is  bounded  by  the  ancient  table-lands  of  Scandinavia, 
Scotland,  and  Wales  on  the  one  hand,  and  those  of  Spain,  France, 
and  Germany  on  the  other.  Most  of  its  southern  boundary  is  formed 
by  the  vast  belt  of  high  ground  which  spreads  from  Asia  Minor 
to  the  east  of  Siberia.  Its  northern  margin  sinks  beneath  the 
waters  of  the  Arctic  Ocean.  This  vast  region  is  divided  into  an 
eastern  and  western  tract  by  the  low  chain  of  the  Ural  Mountains, 
south  of  which  its  general  level  sinks,  until  underneath  the  Caspian 
Sea  it  reaches  a  depression  of  about  3000  feet  below  sea-level.  For 
several  hundred  miles  southward  from  the  Arctic  Ocean  traces  of 
recent  sea-shells  are  found  in  the   superficial   deposits.     Similar 

*  Sections  and  ViewSy  iUuttrative  of  Geological  Phenomena,  1830.     Geol.  ObBerver 
p.  646. 
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eTidence  likewise  exists  around  the  Caspian  and  Black  Seas.  There 
is  ihxis  proof  that  large  portions  of  the  great  plain  of  the  old  world 
oomparatiyely  recently  formed  part  of  the  sea-floor. 

Along  the  eastern  sea-board  of  America  lies  a  broad  belt  of  low 
plains,  which  attain  their  greatest  dimensions  in  the  regions  watered 
by  the  larger  rivers.  Thus  they  cover  thousands  of  square  miles  on  the 
Dorth  side  of  the  Oulf  of  Mexico,  and  extend  for  hundreds  of  miles 
op  the  yalley  of  the  Mississippi.  Almost  the  whole  of  the  valleys  of 
the  Orinoco,  Amazon  and  La  rlata  is  occupied  with  vast  plains. 

It  is  evident,  from  their  distribution  along  river-valleys,  and  on  the 
areas  between  the  base  of  high  grounds  and  the  sea,  that  plains  are 
essentially  areas  of  deposit  Tney  are  the  tracts  that  have  received 
the  detritus  washed  down  from  the  slopes  above  them,  whether  that 
detritus  has  originally  accumulated  on  the  land  or  below  the  sea. 
Their  surface  presents  everywhere  loose  sandy,  gravelly,  or  clayey 
formations,  indicative  of  its  comparatively  recent  subjection  to  the 
operation  of  running  water. 

(2)  Coast-lines. — A  mere  inspection  of  a  map  of  the  globe 
brings  before  the  mind  the  striking  differences  which  the  masses  of 
land  present  in  their  line  of  junction  with  the  sea.  As  a  rule,  the 
southern  continents  possess  a  more  uniform  unindented  coast-line 
than  the  northern.  It  has  been  estimated  that  the  ratios  between 
area  and  coast-line  among  the  different  continents  stand  approximately 
as  in  the  following  table : — 

Europe  has  1  geographical  mile  of  coast-line  to  143  square  miles  of  surface. 
Hcffthem.    North  America  „  „  265  „ 

Aoa,  ioclading  the  islands  „  469  „ 

Africa  „  „  895  ^ 

Bontfaem.    Sooth  Amerioa  „  „  434  ,, 

Australia  „  „  832  „ 

In  estimating  the  relative  potency  of  the  sea  and  of  the  atmos- 
pheric agents  of  disinte^gratiou  m  the  task  of  wearing  down  the  land, 
it  is  eyioently  of  great  importance  to  take  into  account  the  amount  of 
surface  respectiv^y  exposed  to  their  operations.    Other  things  being 
equal,  there  is  relatively  more  marine  erosion  in  Europe  than  in 
^orth  America.    But  we  require  also  to  consider  the  nature  of 
ihe  coast-line,  whether  flat  and  alluvial,  or  steep  and  rocky,  or  with 
some  intermediate  blending  of  these  two  characters.     By  attending 
to  this  point,  we  are  soon  led  to  observe  such  great  differences  in  the 
character  of  coast-lines,  and  such  an  obvious  relation  to  differences  of 
geological  structure  on  the  one  hand,  and  to  diversities  in  the  removal 
or  deposit  of  material  on  the  other,  as  to  suggest  that  the  present 
coast-lines  of  the  globe  cannot  be  aboriginal,  but  must  be  referred  to 
the  operation  of  geological  agents  still  at  work.  This  inference  is  amply 
sostamed  by  more  detailed  mvestigation.     While  the  general  distn- 
bation  of  land  and  water  must  undoubtedly  be  assigned  to  terres- 
trial movements  affecting  the  whole  globe,  the  present  actual  coasts 
of  the  land  have  unquestionably  been  produced  by  local  causes. 
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Headlands  project  from  the  land  because  for  the  most  part  they  consist 
of  rock  which  has  been  better  able  to  withstand  the  shocK  of  the 
breakers.  Bays  and  creeks,  on  the  other  hand,  have  been  cut  by  the 
waves  out  of  less  durable  materials.  Again,  by  the  sinking  of  land, 
ranges  of  hills  have  become  capes  and  headlands,  while  the  valleys  have 
passed  into  the  condition  of  bays,  inlets,  or  fjords.  By  the  uprise  of  the 
sea-bottom,  tracts  of  low  alluvial  ground  have  been  added  to  the  land. 
Hence  speculations  as  to  the  history  of  the  elevation  of  the 
land,  based  merely  upon  inferences  from  the  form  of  coast-lines  as 
expressed  upon  ordinary  maps,  are  apt  to  be  of  little  value.  To  be 
of  real  service,  they  demand  a  careful  scrutiny  of  the  actual  coast- 
lines, and  an  amount  of  geological  investigation  which  would  require 
long  and  patient  toil  for  its  accomplishment. 

Passing  from  the  mere  external  form  of  the  laud  to  the  com- 
position and  structure  of  its  materials,  we  may  begin  by  considering 
the  general  density  of  the  entire  globe,  computed  from  observations 
and  compared  with  that  of  the  outer  and  accessible  portion  of  the 
planet.  Keference  has  already  been  made  to  the  comparative  density 
of  the  earth  among  the  other  members  of  the  solar  system.  In 
inquiries  regarding  the  history  of  our  globe,  the  density  of  the  whole 
mass  of  the  planet  as  compared  with  water — the  standard  to  which 
the  specific  gravities  of  terrestrial  bodies  are  referred — ^is  a  question 
of  prime  importance.  Various  methods  have  been  employed  for 
determining  the  earth's  density.  The  deflection  of  the  plumb-line  on 
either  side  of  a  mountain  of  known  structure  and  density,  the  time  of 
oscillation  of  the  pendulum  at  great  heights,  at  the  sea-level,  and  in 
deep  mines,  the  comparative  force  of  gravitation  as  measured  by  the 
torsion  balance,  have  each  been  tried  with  the  following  various  results: 

Plumb-line   experiments  on  Sohiehallien  (Maskelyne  and  Plajfair) 

gare  as  Uie  mean  density  of  Uie  earth 4*713 

Do.  on  Arthur's  Seat,  Edinburgh  (James) 5*316 

Pendulum  experiments  on  Mont  Cenis  (Oarlini  and  Giulio)         .         .  4*950 

Do.  in  Harton  ooal-pii,  NewcasUe  (Airy) 6*5<S5 

Torsion  baknoe  experiments  (Oavendish,  1798) 5*480 

Do.  do.  (Reich,  1838) 5*49 

Da  do.  (Bally,  1843) 5*660 

Do.  do.  (Comu  and  Bailie,  1872, 3)    .        .        .  5*50-5*56 

Though  these  observations  are  somewhat  discrepant,  we  may  feel 
Batisfied  that  the  globe  has  a  mean  density  neither  much  more  nor  much 
less  than  5*5 ;  that  is  to  say,  it  is  five  and  a  half  times  heavier  than 
one  of  the  same  dimensions  formed  of  pure  water.  Now  the  average 
density  of  the  materials  which  compose  the  accessible  portions  of  the 
«arth  is  between  2*5  and  3 ;  so  that  the  mean  density  of  the  whole 
globe  is  about  twice  as  much  as  that  of  its  outer  part  We  mi^ht 
therefore  infer  that  the  inside  consista  of  much  neavier  materials 
than  the  outside,  and  consequently  that  the  mass  of  the  planet  must 
tx>ntain  at  least  two  dissimilar  portions — an  exterior  lighter  crust  or 
rind,  and  an  interior  heavier  nucleus.     But  the  effect  of  pressure 
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most  necessarily  increase  the  specific  gravity  of  the  interior^  as  will 
be  alluded  to  further  on. 

§  2.  The  Cmst. — ^It  was  formerly  a  prevalent  belief  that  the 
exterior  and  interior  of  the  globe  differed  from  each  other  to  such  an 
extent  that,  while  the  outer  parts  were  cool  and  solid,  the  vastly  more 
enormous  inner  part  being  intensely  hot  was  more  or  less  completely 
fluid.  Hence  the  term  "  crust "  was  applied  to  the  external  rind  in 
the  usual  sense  of  that  word.  This  crust  was  variously  computed  to  be 
ten,  fifteen,  twenty,  or  more  miles  in  thickness.  In  the  accompanying 
diagram  (Fig.  4),  for  example,  the  thick  line  forming  the  circle 
represents  a  relative  thickness  of  100  miles.  There  are  so  many 
proofis  of  enormous  and  wide-spread  corrugation  of  the  materials  of  the 
earth's  outer  lavers,  and  such  abundant  traces  of  former  volcanic  action, 
that  geologists  nave  naturally  regarded  the  doctrine  of  a  thin  crust  over 
a  liquid  interior  as  necessary  for  the  explanation  of  a  large  class  of 
terrestrial  phenomena.  For  reasons  which  will  be  afterwards  given, 
however,  this  doctrine  has  been  opposed  by  eminent  physicists  and 


Fio.  4. — ScppoesD  Cbuat  or  thb  Eabth,  100  Miles  TBidt.  i 

b  now  abandoned  by  most  geologists.  Nevertheless  the  tefm 
''cmst "  continues  to  be  used  as  a  convenient  word  to  denote  those 
cool,  upper,  or  outer  lavers  of  the  earth's  mass,  in  the  structure  and 
history  of  which,  as  the  only  portions  of  the  planet  accessible  to 
htunan  observation,  lie  the  chief  materials  of  geological  investigation^ 
The  chemical  and  mineral  constitution  of  the  crust  is  fully  discussed 
in  later  pages. 

§  3.  The  Interior  or  Nacleas. — Though  the  mere  outside  skii;  of 
our  planet  is  all  with  which  direct  acquaintance  can  be  expected,  the 
irregular  distribution  of  materials  beneath  the  crust  may  oe  inferred 
from  the  present  distribution  of  land  and  water,  and  the  observed 
difiSsrencee  in  the  amount  of  deflection  of  the  plumb-line  near  the  sea 
and  near  mountain-chains.     The  fact  that  the  southern  hemisphere 
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is  almost  wholly  covered  with  water  appears  explicable  only  on  the 
assumption  of  an  excess  of  density  in  the  mass  of  that  hahf  of  the 
planet.  The  existence  of  such  a  vast  sheet  of  water  as  that  of  the 
racific  Ocean  is  to  be  accounted  for,  says  Archdeacon  Pratt,  by  the 
presence  of  ^'  some  excess  of  matter  in  the  solid  parts  of  the  earth 
between  the  Pacific  Ocean  and  the  earth's  centre,  which  retains  the 
water  in  its  place,  otherwise  the  ocean  would  flow  away  to  the  other 
parts  of  the  earth."  ^  The  same  writer  points  out  that  a  deflection 
of  the  plumb-line  towards  the  sea,  which  has  in  a  number  of  cases 
been  observed,  indicates  that  "  the  density  of  the  crust  beneath  the 
mountains  must  be  less  than  that  below  the  plains,  and  still  less  than 
that  below  the  ocean-bed."  *  Apart  therefore  from  the  depressions 
of  the  earth's  surface  in  which  the  oceans  lie,  we  must  regard  the 
internal  density,  whether  of  crust  or  nucleus,  to  be  somewhat 
irregularly  arranged, — there  being  an  excess  of  heavy  materials  in 
the  water  hemisphere  and  beneath  tlie  ocean-beds  as  compared  with 
the  continental  masses. 

It  has  been  argued  from  the  difierencjD  between  the  si>ecific 
gravity  of  the  whole  globe  and  that  of  the  crust,  that  the 
interior  must  consist  of  heavier  material,  and  may  be  metallic. 
But  the  efiect  of  the  enormous  internal  pressure,  it  might  be  sup- 
posed, should  make  the  density  of  the  nucleus  much  higher,  even 
if  the  interior  consisted  of  matter  which  on  the  surface  would  be  no 
heavier  than  that  of  the  crust.  In  fact,  we  might  on  the  contrary 
argue  for  the  probable  comparative  lightness  of  the  substance 
composing  the  nucleus.  That  the  total  density  of  the  planet  does 
not  greafly  exceed  its  observed  amount  may  indicate  that  some 
antagonistic  force  counteracts  the  efiects  of  pressure.  The  only 
force  we  can  suppose  capable  of  so  acting  is  heat,  though  to  what 
extent  this  counterbalancing  takes  place  is  still  unknown.  It 
must  be  admitted  that  we  are  still  m  ignorance  of  the  law  that 
regulates  the  compression  of  solids  under  such  vast  pressures  as 
must  exist  within  the  earth's  interior.  We  know  that  gases  and 
vapours  may  be  compressed  into  fluids,  sometimes  even  into  solids, 
and  that  in  the  fluid  condition  another  law  of  compressibility  begins. 
We  know  also  from  experiment  that  some  substances  have  their 
melting  point  raised  by  pressure.^  It  may  be  that  the  same  effect 
takes  place  within  the  earth;  that  pressure  increasing  inward  to 
the  centre  of  the  globe,  while  augmenting  the  density  of,  each 
successive  shell,  may  retain  the  whole  in  a  solid  condition,  yet  at 
temperatures  far  above  the  normal  melting  points  at  the  surface. 
Hence  on  this  view  of  the  matter  it  is  possible  that  the  diflerence 
between  the  density  of  the  whole  globe  and  that  of  the  crust  may  be 
entirely  due  to  pressure  and  not  to  any   essential   difference   of 

»  Figure  of  the  Earth,  4th  edit,  p.  286. 

«  Op.  ciU  p.  200.  See  also  Herachel,  Phy$,  Geog, ;  and  O,  Fiaher,  Cambridge  PhiL 
Tram.  xiL,  pari  ii. 

'  Under  a  preseore  of  792  atmospheres,  spermaceti  has  its  melting  point  raised  from  51^ 
to  80-2°,  and  wax  from  64*5°  to  80  2°. 
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eompositioiL  Dr.  Pfaff  indeed  offers  a  calculation  to  show  that  the 
mean  terrestrial  density  of  5*5  is  not  incompatible  with  the  notion 
that  the  whole  globe  consists  of  materials  of  the  same  density  as  the 
roeks  of  the  crost.^ 

Analogies  in  the  solar  system,  however,  as  well  as  the  actual  struc- 
tore  of  the  rocky  crust  of  the  globe,  suggest  that  heavier  metallic 
ingredients  possibly  predominate  in  the  nucleus.  If  the  materials 
of  the  globe  were  once,  as  they  are  believed  to  have  been,  in  a  fluid 
eoiKiition,  they  would  then  be  subject  to  an  internal  arrangement  in 
aecordance  with  their  relative  specific  gravities.  We  may  conceive 
that  as  in  the  case  of  the  sun,  as  well  as  of  the  solar  system  generally 
{cmte,  p.  8),  there  would  be,  so  long  as  internal  mobility  lasted,  a 
tendency  in  the  denser  elements  to  gravitate  towards  the  centre,  in 
the  lighter  to  accumulate  outside,  ^at  a  distribation  of  this  nature 
has  certainly  taken  place  to  some  extent  is  evident  from  the  structure 
d  the  envelopes  and  crust  It  is  what  might  be  expected  if  the 
constitution  of  the  elobe  resembles  on  a  small  scale  the  larger 
planetary  system  of  which  it  forms  a  part.  The  existence  even  of  a 
metallic  interior  has  been  inferred  from  the  metalliferous  veins  which 
traTerse  the  crust,  and  which  are  commonly  supposed  to  have  been 
filled  from  below.^ 

Evidence  of  Internal  Heat. — ^In  the  evidence  obtainable 
as  to  the  former  history  of  the  earth,  no  fact  is  of  more  importance 
than  the  existence  of  a  high  temperature  beneath  the  crust,  which 
has  now  been  placed  beyond  all  doubt.  This  feature  of  the 
planeVs  organization  is  made  clear  by  the  following  proofs : — 

(1.)  VcSoanoea. — In  many  regions  of  the  earth's  surface  openings 
exist  from  which  steam  and  hot  vapours,  ashes  and  streams  of  molten 
rock  are  from  time  to  time  emitted.  The  abundance  and  wide 
diffosbn  of  these  openings,  inexplicable  by  any  mere  local  causes, 
iK^Qst  be  r^arded  as  indicative  of  a  very  high  internal  temperature. 
If  to  the  still  active  vents  of  eruption  we  add  those  which  have 
fonnerly  been  the  channels  of  communication  between  the  interior 
and  the  surface,  there  are  probably  few  large  regions  of  the  globe 
where  proofs  of  volcanic  action  cannot  be  found.  Evervwhere  we 
meet  with  masses  of  molten  rock  which  have  risen  from  oelow  as  if 
from  some  general  reservoir.  The  phenomena  of  active  volcanoes 
Are  folly  discussed  in  Book  lU.  Fart  X 

(2.)  Hot  Springs. — Where  volcanic  eruptions  have  ceased, 
eridence  of  a  high  internal  temperature  is  still  often  to  be  found  in 
springs  of  hot  water  which  contmue  for  centuries  to  maintain  their 

*  AOgemeine  QtologU  ah  exaeU  Wissenschaft,  V-  ^^ 

'  The  late  David  Forbes  suggested  that  the  planet  migbt  be  snppoBed  to  conflist 
of  three  laven  of  imiibnn  densitiefl,  enoloeed  one  within  the  other,  the  density  increas- 
ing towanto  Hie  centre  in  arithmetical  progression.  Allowing  2*5  as  the  specific  gravity 
cf  the  enist  or  oater  layer,  he  assigned  12*0  or  thereabouts  as  that  of  the  middle  layer, 
>od  nippofled  tiiat  the  inner  nucleus  might  possess  one  averaging  20*0.  {Popular  Science 
^f9ie»f  Aprfl,  1869.)    Materials  do  not  yet  exist  for  any  satisfactory  conclusions  on  this 
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heat.  Thermal  springs,  however,  are  not  confined  to  volcanic 
districts.  They  sometimes  rise  even  in  regions  many  hundreds  of 
miles  distant  from  any  active  volcanic  vent.  The  hot  springs  of 
Bath  (temp.  120''  Fahr.)  and  Buxton  (temp.  82°  Fahr.)  in  England 
are  fully  900  miles  from  the  Icelandic  volcanoes  on  the  one  side  and 
1100  miles  from  those  of  Italy  and  Sicily  on  the  other. 

(3.)  Borings,  Wells,  and  Mines. — The  influence  of  the  seasonal 
changes  of  temperature  extends  downward  from  the  surface  to  a 
depth  which  varies  according  to  latitude,  to  the  thermal  conductivity 
of  the  soils  and  rocks,  and  perhaps  to  other  causes.  The  cold  of 
winter  and  the  heat  of  summer  may  be  regarded  as  following  each 
other  in  successive  waves  downward,  until  they  disappear  along  a 
limit  at  which  the  temperature  remains  constant.  This  zone  of 
invariable  temperature  is  commonly  believed  to  lie  at  a  depth  of  some- 
where between  60  and  80  feet  in  temperate  regions.  At  Yakutsk  in 
Eastern  Siberia  (lat.  62°  N.),  however,  the  soil  is  permanently  frozen 
to  a  depth  of  about  700  feet.^  In  Java,  on  the  other  hand,  a  constant 
temperature  is  said  to  be  met  with  at  a  depth  of  only  2  or  3  feet.' 

It  js  a  remarkable  fact,  now  verified  by  observation  all  over  the 
world,  that  below  the  limit  of  the  influence  of  ordinary  seasonal 
changes  the  temperature,  so  far  as  we  yet  know,  is  nowhere  found  to 
diminish  downwards.  It  always  rises;  and  its  rate  of  increment 
never  falls  much  below  the  average.  The  only  exceptional  cases 
occur  under  circumstances  not  difficult  of  explanation.  On  itie 
one  hand,  the  neighbourhood  of  hot-springs,  of  large  masses  of 
lava,  or  of  other  manifestations  of  volcanic  activity,  may  raise  tlie 
subteri-anean  temperature  much  above  its  normal  condition ;  and 
this  augmentation  may  not  disappear  for  many  thousand  years  after 
the  volcanic  activity  has  whollv  ceased,  since  the  cooling  down  of  a 
subterranean  mass  of  lava  would  necessarily  be  a  very  slow  process. 
It  has  even  been  proposed  to  estimate  the  age  of  subterranean 
masses  of  intrusive  lava  from  their  excess  of  temperature  above  the 
normal  amount  for  their  isogeotherms  (lines  of  equal  earth- 
temperature),  some  probable  initial  temperature  and  rate  of  cooling 
being  assumed.  On  the  other  hand,  the  spread  of  a  thick  mass  of 
snow  and  ice  over  any  considerable  area  of  the  earth's  surface,  and 
its  continuance  there  for  several  thousand  years,  would  so  depress  the 
isogeotherms  that  for  many  centuries  afterwards  there  would  ue  a  fall 
of  temperature  for  a  certain  distance  downwards.  At  the  present 
day,  in  at  least  the  more  northerly  parts  of  the  northern  hemisphere, 
there  are  such  evidences  of  a  former  more  rigorous  climate,  as  in  the 
well  sinking  at  Yakutsk  just  referred  to.'    Sir  William  Thomson^ 

*  Helmersen,  Brit,  Auoe.  Report,  1871.  '  Jnnghuhn's  Java,  ii.  p.  771. 

'  Professor  Prestwioh  (^Inattgural  Lecture,  1875,  p.  45)  has  suggested  Uiatto  the  more 
rapid  refrigeration  of  the  earth's  surface  during  this  cold  period,  and  to  the  consequent 
depression  of  the  subterraneous  isothermal  lines,  the  alleged  present  compamtiTe  quietude 
of  the  Yolcanio  forces  is  to  be  attributed,  the  internal  heat  not  haying  yet  recoveied  its 
dominion  in  the  outer  crust 

*  Brit,  A$90C.  Reportgj  1876,  Sections,  p.  3. 
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has  calculated  that  any  considerable  area  of  the  earth's  sarface 
coTered  for  seyeral  thousand  years  by  snow  or  ice,  and  retaining, 
after  the  disappearance  of  that  frozen  covering,  an  average  sarface 
temperature  of  13^  C,  "  would  during  900  years  show  a  d^^creasing 
temperature  for  some  depth  down  from  the  surface,  and  3600  years 
after  the  clearing  away  of  the  ice  would  still  show  residual  effect  of 
the  ancient  cold,  in  a  half  rate  of  augmentation  of  temperature 
downwards  in  the  upper  strata,  gradually  increasing  to  the  whole 
normal  rate,  which  would  be  sensibly  reached  at  a  depth  of  600 
metres.**  But  beneath  the  limit  to  which  the  influence  of  the 
change  of  the  seasons  extends,  observations  in  most  parts  of  the 
globe  show  that  the  temperature  invariably  rises  as  we  penetrate 
towards  the  interior  of  the  earth.  According  to  present  knowledge, 
the  average  rate  of  increase  amounts  to  1°  Fahr.  for  every  50  or  60 
teei  of  descent,  and  this  rise  is  found  whether  the  boring  be  made  at 
the  s^i-level  or  on  elevated  ground.  The  subjoined  table  gives  the 
results  of  temperature  observations  at  widely  separated  locafities  :^ — 

Feet. 
Dakxnfield,  near  Manchester  (2040  ft..  Goal  measures)    1^  Fahr.,  for  c?ery  83*2 


Boae  Bridge,  Wigan  (2445  ft.  Coal  measures) 
Sooth  BalgiBj,  Gla^w  (525  ft,  (3oal  measures) 
Keutish  Town,  Jjonaon  (1100  ft.,  London  clay.  Chalk, 

6&alt,^kc) 

1a  Ch^>elle,  Paris  (660  metres,  Chalk,  &c.) 
GieneUe  WeU,  Paris  (1795-6  ft  do.) 
St  Andr^       do.      (263  metres,  do.) 
Ken  Salzwerk  boring,  Westphalia  (2281  ft.) 
Kendkirff  bene,  near  Luxembourg  (2394  ft) 

Bore  near  GencTa 

Hoot  Cenis  tunnel  (5280  ft  below  summit  of  Mount 

Frejus,  metamorphic  rooks)      .... 
TakidBk,  Siberia  (656  ft^  limestone,  &o.  and  granite). 


54-3 
41 

54-6 

84 

56-9 

56-4 

54*68 

570 

55 


(?)81 
60 


Irregularities  in  the  Downward  Increment  of  Heat. 
— While  these  examples  prove  a  progressive  increase  of  temperature, 
ihej  show  also  that  this  rate  of  increase  is  not  strictly  uuiform. 
The  more  detailed  observations  which  have  been  made  in  recent 
years  have  brought  to  light  the  important  fact  that  considerable 
variations  in  the  rate  of  increase  take  place  even  in  the  same  bore. 
I^  for  instance,  we  examine  the  temperatures  obtained  at  different 
depths  in  the  Bose  Bridge  colliery  shaft  cited  in  the  foregoing  list, 
we  find  them  to  read  as  in  the  following  columns : — 


Depth  In 
Yanfa. 

558  . 

G05  . 

630  . 

663  . 

67J  . 

679  . 

731  . 


Teroperatare 
(Pahr.> 
.  78 
.  80 
.  83 
.  85 
.1  86 
.  87 
.     88}     ^ 


Depth  fa 
YnrJs. 
745 
761 
775 
783 
800 
806 
815 


Tempentare 

(P«hr.> 
.  89 
.  90} 
.  91} 
.  92 
.  93 
.  93} 
.  94 


'  See  **  Bcports  of  Cknnmittee  on  Undergionnd  Temperatore,"  Brit.  Assoc,  Bep,  from 
1868  to  1879. 
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At  La  Chapel ICy  in  an  important  well  made  for  the  water-supply 
of  Paris,  observations  have  been  taken  of  the  temperatore  at  different 
depths,  as  shown  in  the  subjoined  table : — ^ 


DnA  in  TeBpctstiire  D^iitii  ia  Tuuiwiatara 

JOO 59-5 

200 61-8 

300 65*5 

400 690 


DepOiim 

M«tra. 

500 72-6 

600 750 

660 760 


In  drawing  attention  to  the  temperature-observations  at  the  Boee 
Bridge  colliery — the  deepest  mine  in  Great  Britain — Professor 
Everett  points*  out  that,  assuming  the  surface  temperature  to  be 
49^  Fahr.,  in  the  first  558  yards  the  rate  of  rise  of  temperature  is 
1^  for  57*7  feet ;  in  the  next  257  yards  it  is  1^  in  48*2  feet ;  in  the 
portion  between  605  and  671  yards — a  distance  of  only  198  feet — 
It  is  I''  in  33  feet ;  in  the  lowest  portion  of  432  feet  it  is  1*"  in  54 
feet.*  When  such  irregularities  occur  in  the  same  vertical  shaft,  it 
is  not  surprising  that  the  average  should  vary  so  much  in  different 
places. 

There  can  be  little  doubt  that  one  main  cause  of  these  variations 
is  to  be  sought  in  the  different  thermal  conductivities  of  the  rocks 
of  the  earth's  crust.  The  first  accurate  measurements  of  the  con- 
ducting powers  of  rocks  were  made  by  the  late  Professor  J.  D.  Forbes 
at  Edinburgh  (1837-1845).  He  selected  three  sites  for  his  ther- 
mometers, one  in  **  trap-rock  "  (a  porphyrite  of  Lower  Carboniferous 
age),  one  in  loose  sand,  ^d  one  in  sandstone,  each  set  of  instruments 
being  sunk  to  depths  of  3,  6, 12  and  24  French  feet  from  the  surface. 
He  found  that  tne  wave  of  summer  heat  reached  the  bulb  of  the 
deepest  instrument  (24  feet)  on  4th  January  in  the  trap-rock,  on 
25th  December  in  the  sand,  and  on  3rd  November  in  the  sandstone, 
the  trap-rock  being  the  worst  conductor  and  the  solid  sandstone  by 
far  the  oest.* 

The  British  Association  has  recently  appointed  a  committee  to 
investigate  this  subject  in  greater  detail.  Already  some  important 
determinations  have  been  made  by  it  regarding  the  absolute  con- 
ductivities of  various  rocks.  As  a  rule,  tne  lighter  and  more  porous 
rocks  offer  the  greatest  resistance  to  the  passage  of  heat,  while  the 
more  dense  and  crystalline  offer  the  least  resistance.  The  resistance 
of  opaque  white  quartz  is  expressed  by  the  number  114,  that  of 
basalt  by  273,  while  that  of  cannel  coal  stands  very  much  higher  at 
1538,  or  more  than  thirteen  times  that  of  quartz.* 

It  is  evident  also  that,  from  the  texture  and  structure  of  most 
rocks,  the  conductivity  must  vary  in  different  directions  through  the 

*  **  Beport  of  Committee  on  Undergroand  Temperatore,**  BHL  A$$oe,  Ben^  1873, 
p.  254. 

*  *"  Beport  of  Committee  on  UndergTOond  Temperature,"  Brit.  At90c  BejK  for 
1870,  p.  31 

»  Tra\ 


n$.  Roy.  8oe.  Edin.,  xvi.  p.  211. 
*  Uorsobel  and  Lebour,  Brit.  Auoe.  Sep.,  1875,  p.  59. 
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same  mass,  beat  being  more  easily  conducted  alon^  than  across  the 
"grain,"  the  bedding,  and  the  other  numerous  divisional  surfaces. 
Experiments  have  been  made  to  determine  these  variations  in  a 
nmnber  of  rocks.  Thus,  the  conductivity  in  a  direction  transverse 
to  the  divisional  planes  being  taken  as  unity,  the  conductivity 
parallel  with  these  planes  was  found  in  a  variety  of  magnesian  schist 
to  be  4*028.  In  certain  slates  and  schistose  rocks  from  central 
France  the  ratio  varied  from  1 :  2-56  to  1 :  3*952.  Hence  in  such 
^ile  rocks  as  slate  and  mica-schist,  heat  may  travel  four  times 
more  easily  along  the  planes  of  cleavage  or  foliation  than  across  them.^ 
In  reasoning  upon  the  discrepancies  in  the  rate  of  increase  of 
sabterranean  temperatures,  we  must  also  bear  in  mind  that  certain 
kinds  of  rock  are  more  liable  than  others  to  be  charged  with  water, 
and  that,  in  almost  every  boring  or  shaft,  one  or  more  horizons  of 
such  water-bearing  rocKs  are  met  with.  The  effect  of  this  inter- 
stitial water  is  to  diminish  thermal  resistance.  Dry  red  brick  has 
its  resistance  lowered  from  680  to  405  by  being  thoroughly  soaked 
in  water,  its  conductivity  bein^  thus  increased  68  per  cent.  A  piece 
of  sandstone  has  its  conductivity  heightened  to  the  extent  of  8  per 
cent,  by  being  wetted.* 

Mr.  Mallet  has  contended  that  the  variations  in  the  amount  of 
increase  in  subterranean  temperature  are  too  great  to  permit  us  1o 
believe  them  to  be  due  merely  to  differences  in  the  transmission  of  the 
general  internal  heat,  and  that  they  point  to  local  accessions  of  heat 
arising  from  transformation  of  the  mechanical  work  of  compression, 
which  is  due  to  the  constant  cooling  and  contraction  of  the  globe.^ 
Bat  it  may  be  replied  that  these  variations  are  not  greater  than, 
from  the  known  divergences  in  the  conductivities  of  rocks,  they 
might  fairly  be  expected  to  be. 

Probable  Condition  of  the  Earth's  Interior. — Various 
theories  have  been  propounded  on  this  subject.  There  are  only  three 
which  merit  serious  consideration.  (I.)  One  of  those  supposes  the 
planet  to  consist  of  a  solid  crust  and  a  molten  interior.  (2.)  The 
second  holds  that,  with  the  exception  of  local  vesicular  spaces,  the 
gldbe  is  solid  and  rigid  to  the  centre.  (3.)  The  third  contends  that 
while  the  mass  of  the  globe  is  solid,  tnere  lies  a  liquid  substratum 
beneath  the  crust. 

1.  The  arguments  in  favour  of  internal  liquidity  may  be  summed 
up  as  follows,  (a.)  The  ascertained  rise  of  temperature  inwards 
from  the  surface  is  such  that,  at  a  very  moderate  depth,  the  ordinary 
melting  point  of  even  the  most  refractory  substances  would  be 
reached.  At  20  miles  the  temperature,  if  it  increases  progressively, 
as  it  does  in  the  depths  accessible  to  observation,  must  be  about 

*  *  Report  of  Oommilteo  oa  Thermal  Conductivities  of  Rock,"  Brit.  Amoc,  Rep.  1875, 
P^  61.  Jannettaz,  IhUL  8oe.  Geol  France  (April-June,  1874),  ii.  p.  264.  This  observer 
Ittt  oirried  oat  a  series  of  detailed  researches  on  the  propagation  of  heat  through  rocks, 
which  will  be  found  in  BuU.  Soc  OkiL  Franee,  tomes  i.— vi.  (3rd  scries).      ; 

'  Ueiscbel  and  Lebour,  Brit.  Aseoc.  Bep,  1875,  p.  58. 

»  -  Volcanic  Energy,'*  Phil  Tran$.  1875. 
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176(f  Fahr. ;  at  50  miles  it  must  be  4600%  or  far  higher  than  the 
fosinfi^-point  eyen  of  so  stabbom  a  metal  as  platinam,  which  melts  at 
3080^  Fahr.^  (I.)  All  over  the  world  volcanoes  exist  from  which 
steam  and  torrents  of  molten  lava  are  from  time  to  time  erapted. 
Abundant  as  are  the  active  volcanic  vents,  they  form  but  a  sm^l 
proportion  of  the  whole  which  have  been  in  operation  since  early 
geological  time.  It  has  been  inferred  therefore  that  these  numerous 
funnels  of  communication  with  the  heated  interior  could  not  have 
existed  and  poured  forth  such  a  vast  amount  of  molten  rock,  unless 
they  drew  their  supplies  from  an  immense  internal  molten  nucleus. 
(c.)  When  the  proaucts  of  volcanic  action  from  different  and  widely- 
separated  regions  are  compared  and  analysed,  they  are  found  to 
exhibit  a  remarkable  uniformity  of  character.  Lavas  from  Vesuvius, 
from  Hecla,  from  the  Andes,  from  Japan,  and  from  New  Zealand 
present  such  an  agreement  in  essential  particulars  as,  it  is  contended, 
can  only  be  accounted  for  on  the  supposition  that  they  have  all 
emanated  from  one  vast  common  source'  (oL)  The  abundant 
earthquake  shocks  which  affect  large  areas  of  the  globe  are  main- 
tainea  to  be  inexplicable  unless  on  the  supposition  of  the  existence 
of  a  thin  and  somewhat  flexible  crust  These  arguments,  it  will  he 
observed,  are  only  of  the  nature  of  inferences  dniwn  from  observa- 
tions of  the  present  constitution  of  the  globe.  They  are  based  on 
geological  data,  and  have  been  frequently  urged  by  geologists  as 
supporting  the  only  view  of  the  nature  of  the  earth's  interior 
compatible  with  geological  evidence. 

2.  The  arguments  againtt  the  internal  Jluidiiy  of  the  earth  are 
based  on  physical  and  astronomical  considerations  of  the  greatest 
importance.    They  may  be  arranged  as  follows : — 

{a.)  Argument  from  precession  and  nutation. — ^The  problem  of 
the  mtei-nal  condition  of  the  globe  was  attacked  as  far  back  as  the 
year  1839  by  Hopkins,  who  endeavoured  to  calculate  how  far  the 
planetarv  motions  of  precession  and  nutation  would  be  influenced  by 
the  solioity  or  liquidity  of  the  earth's  interior.  He  found  that  the 
precessional  and  nutational  movements  could  not  possibly  be  as  they 
are  if  the  planet  consisted  of  a  central  core  of  molten  rock  sur- 
rounded with  a  crust  of  twenty  or  thirty  miles  in  thickness,  that 
the  least  possible  thickness  of  crust  consistent  with  the  existing 
movements  was  from  800  to  1000  miles,  and  that  the  whole  might 
even  be  solid  to  the  centre,  with  the  exception  of  comparatively  small 
vesicular  spaces  filled  with  melted  rock.^ 

M.  Delaunay,*  threw  doubt  on  Hopkins's  views,  and  suggested 

'  But  Sir  W.  Thomson  has  shown  that  while  the  rate  of  increaje  of  tetDperatme  w 
probably  1°  for  erenr  51  feet  for  the  first  100,000  feef,  it  will  begin  to  dimmish  below 
that  limit,  being  only  1°  in  2550  feet  at  800,000  feet,  and  then  rapidly  lessening.  Trw- 
Boy.  8oe.  Edin.  xxiil.,  p.  163. 

'  See  D.  Forbes,  Popular  Sdenee  Review,  April  1869. 

»  Pkd  Trans.  1889,  p.  881 ;  1840,  p.  193 ;  1842.  p.  43 ;  BriL  A$$oc.  1847. 

♦  In  a  paper  on  the  hypothesis  of  the  interior  fluidity  of  the  globe,  Compie$*rendus, 
Jnlv  18, 1868.  Gtol  Mag,  v.  p.  507.  •  Bee  also  a  paper  by  H.  Hennessy,  Comptes-rendus 
6  March,  1871,  and  Oeol.  Mag,  viii.  p.  216.  *^*'       •'  /»        i- 
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that,  if  the  interior  were  a  mass  of  suffioient  viscosity,  it  might 
behave  as  if  it  were  a  solid,  and  thus  the  phenomenon  of  precession 
and  nutation  might  not  be  affected.  Sir  William  Thomson,  who  had 
already  arrived  at  the  conclusion  that  the  interior  of  the  globe  must 
be  solid,  and  acquiesced  generally  in  Hopkins's  conclusions,  pointed 
out  that  M.  Delaunay  had  not  worked  out  the  problem  mathe- 
matically, otherwise  he  could  not  have  failed  to  see  that  the 
bjpothesis  of  a  viscous  and  quasi-rigid  interior  "  breaks  down  when 
tested  by  a  simple  calculation  of  the  amount  of  tangential  force 
required  to  give  to  any  globular  portion  of  the  interior  mass  the 
preceisional  and  nutational  motions  which,  with  other  physical 
astronomers,  he  attributes  to  the  earth  as  a  whole."  ^  Sir  William, 
in  making  this  calculation,  holds  that  it  demonstrates  the  earth's 
crust  down  to  depths  of  hundreds  of  kilometres  to  be  capable  of 
resisting  such  a  tangential  stress  (amounting  to  nearly  -ji^th  of  a 
fframme  weight  per  square  centimetre)  as  would  with  great  rapidity 
draw  out  of  shape  any  plastic  substance  which  could  properly  be 
termed  a  viscous  fluid.  *^  An  angular  distortion  of  8"  is  produced  in  a 
cube  of  glass  by  a  distorting  stress  of  about  ten  grammes  weight  per 
square  centimetre.  We  may  therefore  safely  conclude  that  the 
ngiditjr  of  the  earth's  interior  substance  could  not  be  less  than 
•  millionth  of  the  rigidity  of  glass  without  very  sensibly  augmenting 
the  lunar  nineteen-yearly  nutation."  * 

In  Hopkins's  hvpothesis  he  assumed  the  crust  to  be  infinitely  rigid 
and  unyielding,  which  is  not  true  of  any  material  substance.  Sir 
William  Thomson  has  recently  returned  to  the  problem,  in  the  light 
of  his  own  researches  in  vortex-motion.  He  now  finds  that,  while 
the  amiment  against  a  thin  crust  and  vast  liquid  interior  is  still 
invincible,  the  phenomena  of  precession  and  nutation  do  not 
decisively  settle  the  question  of  internal  fluidity,  though  the  solar 
semi-annual  and  lunar  fortnightly  nutations  absolutely  disprove  the 
exiftence  of  a  thin  rigid  shell  full  of  liquid.  If  the  inner  surface  of 
the  crust  or  shell  were  rigorously  spherical,  the  interior  mass  of 
supposed  liquid  could  experience  no  processional  or  nutational 
innaonce,  except  in  so  far  as,  if  heterogeneous  in  composition,  it 
might  suffer  from  external  attraction  due  to  non-sphencity  of  its 
wntaces  of  equal  density.  But  "  a  very  slight  deviation  of  the  inner 
surface  of  the  shell  from  perfect  sphericity  would  suffice,  in  virtue  of 
the  quasi-riffidity  due  to  vortex-motion,  to  hold  back  the  shell  from 
taking  sensibly  more  precession  than  it  would  give  to  the  liquid,  and 
to  cause  the  liquid  (homogeneous  or  heterogeneous)  and  the  shell  to 
have  sensibly  tne  same  precessional  motion  as  if  the  whole  constituted 
<Hw  rigid  body."  ' 

The  assumption  of  a  comparatively  thin  crust  requires  that  the 
cnst  shall  have  such  perfect  rigidity  as  is  possessed  by  no  known 
substance.    The  tide-producing  force  of  the  moon  and  sun  exerts 

»  Naiwe,  JMntwry  1, 1«7«.  •  Loo,  tit  p.  25S. 

*  Sir  W.  ThomKm,  Brit.  Attoo,  Bep.  1876,  Beotkms,  p.  5. 
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snch  a  strain  upon  the  substance  of  the  globe,  that  it  seems  in  the 
highest  degree  improbable  that  the  planet  could  maintain  its  shape 
as  it  does  tmless  the  supposed  crust  were  at  least  2000  or  2500  miles 
in  thickness.^  That  the  solid  mass  of  the  earth  must  yield  to  this 
strain  is  certain,  though  the  amount  of  deformation  is  so  slight  as  to 
have  hitherto  escaped  all  attempts  to  detect  it^  Had  the  rigidity 
been  even  that  of  glass  or  of  steel,  the  deformation  would  probably 
have  been  by  this  time  detected,  and  the  actual  phenomena  of 
precession  and  nutation,  as  well  as  of  the  tides,  would  tnen  have  been 
very  sensibly  diminished.^  The  conclusion  is  thus  reached  that  the 
mass  of  the  earth  ''is  on  the  whole  more  rigid  certainly  than  a 
continuous  solid  globe  of  glass  of  the  same  diameter."  ^ 

(6.)  Argument  from  the  tides. — The  phenomena  of  the  oceanic 
tides  are  omy  explicable  on  the  theory  that  the  earth  is  either  solid  to 
the  centre,  or  possesses  so  thick  a  crust  (2500  miles  or  more)  as  to  give 
to  the  planet  practical  solidity.  Sir  William  Thomson  remarks  that 
"  were  the  crust  of  continuous  steel,  and  500  kilometres  thick,  it 
would  yield  very  nearly  as  much  as  if  it  were  india-rubber  to  the 
deforming  influences  of  centrifugal  force,  and  of  the  sun's  and  moon's 
attractions.'*  It  would  yield,  indeed,  so  freely  to  these  attractions 
**  that  it  would  simply  carry  the  waters  of  the  ocean  up  and  down 
with  it,  and  there  would  be  no  sensible  tidal  rise  and  fall  of  water 
relatively  to  land."  *  Mr.  George  H.  Darwin  in  the  series  of  papers 
already  referred  to,  has  investigated  mathematically  the  bodily  tides 
of  viscous  and  semi-elastic  spheroids,  and  the  character  of  the  ocean 
tides  on  a  yielding  nucleus.*  His  results  tend  to  increase  the  force 
of  Sir  William  Thomson's  argument,  since  they  show  that  "  no  very 
considerable  portion  of  the  interior  of  the  earth  can  even  distantly 
approach  the  fluid  condition,"  the  efiective  rigidity  of  the  whole  globe 
beinjs;  very  great. 

(c.)  Argument  from  relative  densities  of  melted  and  solid  rock.— 
The  two  preceding  ar^ments  must  be  considered  decisive  against 
the  hypothesis  of  a  thin  shell  or  crust  covering  a  nucleus  of  molten 
matter.  It  has  been  further  urged,  as  an  objection  to  this  hypothesis, 
that  cold  solid  rock  is  necessarily  more  dense  than  hot  melted  rock, 
and  that  even  if  a  thin  crust  were  formed  over  the  central  molten 
globe  it  would  immediately  break  up  and  the  fragments  would  sink 
towards  the  centre.'  Undoubtedly  this  would  happen  were  the 
material  of  the  earth's  mass  of  the  same  density  throughout.  But, 
as  has  been  already  pointed  out,  the  specific  gravity  of  the  interior 
is  at  least  twice  as  much  as  that  of  the  visible  parts  of  the  crust.  H 
this  difference  be  due,  not  merely  to  the  efiect  of  pressure,  but  to  the 

1  Thomson,  Proe.  Boy.  8oe,  April,  1S62. 

'  See  Association  Fran^oise  pour  VAvancement  des  Sciences,  v.  p.  2S1. 

•  Thomson,  too.  cii, 

•  Thomson,  Trans,  Boy,  8oc,  Edin,  xxiii.  p.  157. 

»  Thomson,  Brit,  Assoc,  Bep,  1876,  Sections,  p.  7. 

•  PhU.  Trans.  1879,  Part  I. 

'  This  objection  has  been  repeatedly  urged  by  Sir  William  Thomson.      See  Trans. 
Boy.  Soc.  Edin.  xxiii.  p.  157  ;  and  Brit,  Assoc.  Bep.  1870,  Sections,  p.  7. 
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preseDce  in  the  interior  of  intensely  heated  metallic  substances,  we 
cannot  suppose  that  solidified  portions  of  such  rocks  as  granite  and 
the  various  lavas  could  ever  have  sunk  into  the  centre  of  the  earth, 
so  as  to  build  up  there  the  honey-combed  cavernous  mass  which 
might  have  servea  as  a  nucleus  in  the  ultimate  solidification  of  the 
whole  planet ;  though  the  earliest  formed  portions  of  the  compara- 
tively light  crust  would  no  doubt  descend  until  they  reached  a 
stratum  with  specific  gravity  agreeing  with  their  own,  or  until  they 
were  a^dn  melted.^ 

3.  Hypothesis  of  a  liquid  substratum  between  a  solid  nucleus  and  the 
enuL, — Since  the  early  and  natural  belief  in  the  liquidity  of  the 
earth's  interior  has  been  so  weightily  opposed  by  physical  arguments, 
geologists  have  endeavoured  to  modify  it  in  sucn  a  way  as,  if  possible, 
to  satisfy  the  requirements  of  physics,  while  at  the  same  time 
proriding  an  adequate  explanation  of  the  corrugation  of  the  earth's 
crost,  the  phenomena  of  volcanoes,  &c.^  Professors  Shaler^  and  Le 
Conte,*  ana  Mr.  Fisher  •  have  advocated  the  existence  of  a  fluid  or 
viscous  substratum  beneath  the  crust,  the  contraction  and  consolida- 
tion of  which  produced  the  corrugations  of  the  rocks  and  of  the 
siirfece.  **  The  increase  of  temperature,"  says  Mr.  Fisher,  **  though 
rapid  near  the  surface,  becomes  less  and  less  as  we  descend,  so  that, 
if  the  earth  were  once  wholly  melted,  the  temperature  near  the 
centre  is  not  very  greatly  above  what  it  is  at  a  de{)tn  which,  compared 
to  the  earth's  ramus,  is  small.  CJonsequently,  if  it  requires  great 
pressure  to  solidify  the  materials  at  such  a  temperature,  it  is  probable 
that  the  melting  temperature  may  be  reached  before  the  pressure  is 
sufficient  to  solidify."  The  crust,  of  course,  must  be  able  to  sustain 
itself  on  the  corrugated  surface  of  the  supposed  viscous  layer  without 
breaking  up  and  sinking.  The  same  writer  has  suggested  that 
the  observed  amount  of  corrugation  is  more  than  can  be  accounted  for 
even  on  this  hypothesis,  and  tiiat  the  shrinkage  may  have  been  due 
not  merely  to  cooling,  but  to  the  escape  of  water  from  the  interior  in 
the  form  of  the  super-heated  steam  of  volcanic  vents.*  More  recently 
Herr  Siemens  has  oeen  led,  from  observations  made  in  May  1878  at 
Vesurius,  to  conclude  that  vast  quantities  of  bydrogen  gas,  or  com- 
bastible  compounds  of  hydrogen,  exist  in  the  earth's  interior,  and  that 
these,  rising  and  exploding  in  the  funnek  of  volcanoes,  give  rise  to 
the  detonations  and  clouds  of  steam.^ 

It  must  be  admitted  that  the  wide-spread  proofs  of  great 
crumpling  of  the  rocks  of  the  crust  present  a  serious  difficulty,  for 

'  See  D.  Forbes,  GeoL  Mag.  vol.  iv.  p.  435. 

»  See  Dana  in  SiUiman'i  Joumalj  iii.  (1847)  p.  147.    Amer.  Joum.  Science  (1873). 

»  Pfoc  BotL  Nal,  Hisl.  Soe,  xi.  (1868)  p.  8.     GeoL  Mag.  v.  p.  511. 

«  Amer.  Jaum,  Set.  1872, 1873. 

'  QeoL  Mag.  v. (new  Berie8)pp.  291  and  551.  See  also  Hill,  op.  dt.  pp.  262,  479.  The 
idea  of  a  Tiaooos  layer  between  the  solidifying  central  mass  and  the  crnst  was  present 
is  Hopkins*  mind.    Brit.  A$$oe.  1848.    Beporto,  p.  48. 

•  ha.  Mag.  Oct  1875. 

'  M<maisberiekt  der  K.  preu§$.  Akad.  Wisiefuchafl,  1878,  p.  558.  See  also  Book  iii. 
hzi  L  lor  an  account  of  Fouqn^s  observations  on  the  discharge  of  hydrogen  at  Santorin. 
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they  indicate  a  capability  of  yielding  to  strain  such  as  might  be 
supposed  hardly  possible  in  a  globe  possessing  on  the  whole  the  rigidity 
of  steel  or  glass.  Still  we  ought  to  remember  how  small  a  part  of 
the  whole  terrestrial  area  is  occupied  by  those  portions  of  land 
from  the  investigation  of  which  all  our  direct  evidence  as  to  the 
nature  of  the  earth's  crust  has  been  obtained.  From  the  earliest 
times  the  existing  continental  regions  seem  to  have  specially  suffered 
from  the  efforts  of  the  planet  to  adjust  its  external  form  to  its 
diminishing  diameter,  and  its  lessening  rapidity  of  rotation.  They 
have  served  as  lines  of  relief  from  the  strain  of  compression 
during  mony  successive  epochs.  It  is  along  their  axial  lines, — their 
lon^  dominant  mountain  ranges,  that  we  should  naturally  look  for 
evidence  of  corrugation.  Away  from  these  lines  of  weakness  the 
ground  has  been  upraised  for  thousands  of  square  miles  without 
plication  of  the  rocks,  as  in  the  instructive  region  of  the  Western 
Territories  of  North  America.  Nor  is  there  any  sign  that  corrugation 
takes  place  beneath  the  great  oceanic  areas  of  subsidence. 

It  appears  highljr  probable  that  the  substance  of  the  earth's 
interior  is  at  the  melting  point  proper  for  the  pressure  at  ^ach  depth. 
Any  relief  from  pressure  therefore  may  allow  of  the  liquefaction  of  the 
matter  so  relieved.  Such  relief  is  doubtless  afforded  by  the  cormga- 
tion  of  mountain  chains  and  other  terrestrial  ridges.  And  it  is  in 
these  lines  of  uprise  that  volcanoes  and  other  manifestations  of  sub* 
terranean  heat  actually  show  themselves. 

§  4.  Age  of  the  Earth  and  Measures  of  Geological  Time. — 
The  age  of  our  planet  is  a  problem  which  may  be  attacked  either 
from  the  geological  or  physical  side. 

1.  The  geological  argument  rests  chiefly  upon  the  observed 
rates  at  which  geological  changes  are  being  effected  at  the  present 
time,  and  is  open  to  the  obvious  preliminary  objection  that  it  assumes 
the  existing  rate  of  change  as  the  measure  of  past  revolutions, — an 
assumption  which  may  be  entirely  erroneous,  for  the  present  may  be 
a  period  when  all  geological  events  march  forward  more  slowly  than 
they  used  to  do.  The  argument  proceeds  on  data  partly  of  a  physical 
and  partly  of  an  organic  kind,  (a.)  The  physical  evidence  is  derived 
from  such  facts  as  the  observed  rates  at  which  the  surface  of  a  coun- 
try is  lowered  by  rain  and  streams,  and  new  sedimentary  deposits 
are  formed.  These  facts  will  be  more  particularly  dwelt  upon  in 
later  sections  of  this  volume.  If  we  assume  that  the  land  has  been 
worn  away,  and  that  stratified  deposits  have  been  laid  down  nearly 
at  the  same  rate  as  at  present,  then  we  must  admit  that  the  strati- 
fied portion  of  the  crust  of  the  earth  must  represent  a  very  vast 
period  of  time.*     (6.)  On  the  other  hand,  human  experience,  so 

'  Dr.  Cmll  puts  thifl  |KTiod  at  not  less,  but  possibly  much  more,  than  60  mUlion 
years.  Dr.  Haughton  girefl  a  much  moro  extended  period.  Estimating  the  present  xmte 
of  deposit  of  ptrata  at  1  foot  in  8616  yeara,  asanming  tho  former  rate  to  have  been  ten 
times  moro  rapid,  or  1  foot  in  861*6  years,  and  taking  the  thickness  of  the  stratified  rocks 
of  the  earth's  crust  at  177,200  feet,  he  obtains  a  minimum  of  200,000,000  years  for  the 
whole  duration  of  geological  time :  Six  LectHre9  on  Phytieal  Oeographyy  ISSO,  p.  S4. 
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far  as  it  goes,  warrants  the  belief  that  changes  in  the  organic  world 
proceed  with  extreme  slowness.  Yet  in  the  stratified  rocks  of  the 
terrestrial  crust  we  have  abundant  proof  that  the  whole  fauna  and 
flora  of  the  earth's  surface  have  passed  through  numerous  cycles  of 
rerolution, — species,  genera,  families,  orders,  appearing  and  disappear- 
mg  many  times  in  succession.  On  any  supposition  it  must  be 
admitted  that  these  vicissitudes  in  the  organic  world  can  only  have 
been  effected  with  the  lapse  of  vast  periods  of  time,  though  no 
reliable  standard  seems  to  be  available  wnereby  these  periods  are  to 
be  measured.  The  argument  from  geological  evidence  is  strongly  in 
favour  of  an  interval  of  probablj^  not  much  less  than  100  million 
years  since  the  earliest  forms  of  life  appeared  upon  the  earth,  and  the 
oldest  stratified  rocks  began  to  be  laid  down. 

2.  The  argument  from  physics  as  to  the  age  of  our  planet 
is  based  by  Sir  William  Thomson  upon  three  kinds  of  evidence  : — 
(1)  the  internal  heat  and  rate  of  cooling  of  the  earth ;  (2)  the  tidal 
retardation  of  the  earth's  rotation ;  and  (3)  the  origin  and  age  of 
the  sun's  beat. 

(1.)  Applying  Fourier's  theory  of  thermal  conductivity,  he  pointed 
out  some  years  ago  (1862)  that  in  the  known  rate  of  increase  of 
temperature  downward  beneath  the  surface,  and  the  rate  of  loss  of 
heat  from  the  earth,  we  have  a  limit  to  the  antiquity  of  the  planet. 
He  showed,  from  the  data  available  at  the  time,  that  the  superficial 
consolidation  of  the  globe  could  not  have  occurred  less  than  20 
million  years  ago,  or  tne  underground  heat  would  have  been  greater 
than  it  is;  nor  more  than  400  million  years  ago,  otherwise  the 
underground  temperature  would  have  shown  no  sensible  increase 
downwards.  He  admitted  that  very  wide  limits  were  necessary.  In 
more  recently  discussing  the  subject,  he  inclines  rather  towards  the 
lower  than  tne  higher  antiquity,  but  concludes  that  the  limit,  from 
a  consideration  of  all  the  eviaence,  must  be  placed  within  some 
such  period  of  past  time  as  100  millions  of  years.  ^ 

(2L)  The  reasoning  from  tidal  retardation  proceeds  on  the 
admitted  fact  that,  o>ving  to  the  friction  of  the  tide-wave,  the 
rotation  of  the  earth  is  retarded,  and  is  therefore  slower  now  than 
it  must  have  been  at  one  time.  Sir  William  Thomson  contends 
that  had  the  globe  become  solid  some  10,000  million  years  ago, 
or  indeed  any  high  antiquity  beyond  100  million  years,  tne  centri- 
fugal force  due  to  the  more  rapid  rotation  must  have  given  the  planet 
a  very  much  greater  polar  flattening  than  it  actually  possesses. 
He  admits,  however,  that  though  100  million  years  ago  that  force 
most  have  been  about  3  per  cent,  greater  than  now,  yet  "nothing  we 
know  regarding  the  figure  of  the  earth  and  the  disposition  of  land 
and  water  would  justify  us  in  saying  that  a  body  consolidated  when 
there  was  more  centrifugal  force  by  3  per  cent,  than  now  might 

*  Tran$.  S09,  609,  EdM^  niii  p.  157.  TraiM,  Oed.  Boe.  OUugaw,  iii.  p.  25.  Profetfor 
Ttit  rednoet  the  period  to  10  or  15  mmioos.    Beeeni  Adfontm  in  Php$ieal  Beienm^ 
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not  now  be  in  all  respects  like  the  earth,  so  far  as  we  know  it  at 
present."  ^ 

(3.)  The  third  kind  of  evidence  leads  to  results  confessedly  less 
emphatic  than  those  from  the  two  preyions  lines  of  reasoning.  It 
is  based  upon  calculations  as  to  the  amount  of  heat  that  would  be 
available  by  the  falling  together  of  the  masses  from  space,  which 
gave  rise  by  their  impact  to  our  sun,  and  the  rate  at  which  this  heat 
has  been  radiated.  Assuming  that  the  sun  has  been  cooling  even 
at  a  uniform  rate,  Professor  Tait  comes  to  the  conclusion  that  it 
cannot  have  supplied  the  earth,  even  at  the  present  rate,  for  more 
than  about  15  or  20  million  years.' 


Pabt  II. — An  Account  op  the  Composition  op  the  Eabth's 
Cbust — ^Minerals  and  Bocks. 

The  earth's  crust  is  composed  of  mineral  matter  in  various  aggre- 
gates included  under  the  general  term  Bock.  A  rock  may  be 
defined  as  a  mass  of  matter  composed  of  one  or  more  simple  minerals, 
having  usually  a  variable  chemical  composition  with  no  necessarily 
symmetrical  external  form,  and  ranging  in  cohesion  from  mere  loose 
debris  up  to  the  most  compact  stone.  Granite,  lava,  sandstone,  lime- 
stone, ^avel,  sand,  mud,  soil,  marl  and  peat,  are  all  recognized  in  a 
geological  sense  as  rocks. 

It  will  be  most  convenient  to  treat — 1st,  of  the  general  chemical 
constitution  of  the  crust ;  2nd,  of  the  minerals  of  which  rocks  mainly 
consist ;  3rd,  of  the  external  characters,  and,  4th,  of  the  internal  tex- 
ture and  structure,  of  rocks ;  5th,  of  the  classification  of  rocks ;  6th, 
of  the  more  important  rocks  occurring  as  constituents  of  the  earth's 
crust ;  and  7th,  of  the  methods  employed  for  their  determination. 

§  i.  Oeneral  Chemical  Constitution  of  the  Crust, 

Direct  acquaintance  with  the  chemical  constitution  of  the  globe 
must  obviously  be  limited  to  that  of  the  crust,  though  by  inference 
we  may  eventually  reach  highly  probable  conclusions  regarding  the 
constitution  of  the  interior.  Chemical  research  has  discovered  that 
sixty-four*  simple  or  as  yet  undecomposable  bodies,  called  elements,  iu 
various  proportions  and  compounds,  constitute  the  accessible  part  of 
the  crust  Of  these,  however,  the  great  majority  are  comparatively 
of  rare  occurrence.    The  crust,  so  far  as  we  can  examine  it,  is  mainly 

'  Tran$.  OeoL  8oc.  Qlasgowt  iii.  p.  16.  Professor  Tait,  in  repeating  this  argomcni 
concludes  that,  taken  in  connection  with  the  previous  one,  **  it  probably  reducet  the 
possible  period  which  can  be  allowed  to  geologists  to  something  less  than  10  millions  of 


years."    Op.  eit,  p.  174. 
«  Op.  cS.  p.  174. 


Op.  cti,  p. 
*  l^is  number  has  within  the  last  two  years  been  increased  Inr  the  alleged  dlscorery 
of  no  fewer  than  fourteen  new  metals.  Some  of  these  bodies,  howeyer,  naye  not  yet 
been  satisfactorily  proved  to  be  new.    T.  6.  Uompidge,  IfcUure  zzii.  p.  232. 
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bailt  op  of  abont  sixteen  elementSy  which  may  be  arranged  in  the  two 
foUomng  groups,  the  most  abundant  bodies  being  placed  first  in  each 
list:— 


MetaXhids.  ^^^^ 

Weight. 

OxTgen 15-96 

SUieon 2800 

Gtrbon 11-97 

Sulphur SI -98 

HjdrogeD 1-00 

Chlorine 35-37 

Pboiphorus 80*96 

Fluorine 19- 10 


^«^-  Aton^lc 

Weight. 

Aluminiam 27*30 

Galoium 39*90 

Magnediim 23*94 

PotaMiam 39  04 

Sodium 22*99 

Iron 55*90 

Manganese 54*80 

Barium 136*80 


The  sixteen  elements  here  mentioned  form  about  ninety-nine  parts 
of  the  earth's  crust;  the  other  elements  constitute  only  about  a 
hundreth  part^  though  they  include  gold,  silver,  copper,  tin,  lead, 
and  the  other  nseM  metals,  iron  excepted.  By  far  the  most 
abundant  and  important  element  is  Oxygen.  It  forms  about  23  per 
cent  by  weight  of  air,  88*87  per  cent,  of  water,  and  about  a  half 
of  all  the  rocks  which  compjose  the  visible  portion  or  crust  of  the 
globe.  Another  metalloid,  Silicon,  always  united  with  oxygen,  ranks 
next  in  abundance  as  a  constituent  of  the  crust.  Of  the  remaining 
metalloids,  Carbon  and  Sulphur  sometimes  occur  in  the  free  state,  but 
usually  in  combination  with  oxygen  or  some  metal.  Chlorine  (save  per- 
haps at  volcanic  vents)  does  not  occur  in  a  free  state,  but  is  abundant 
in  combination  with  the  alkalies,  especially  with  sodium.  Fluorine 
is  always  found  in  combination,  and  has  never  yet  been  isolated  by 
artificiid  chemical  processes.  It  is  the  only  element  which  has  not 
been  combined  with  oxygen.  It  chiefly  occurs  in  union  with  Calcium 
as  the  mineral  fluor-spar;  but  traces  of  its  presence  have  been 
detected  in  other  minerfds,  in  sea-water,  and  in  the  bones,  teeth, 
blood  and  milk  of  mammaUa.  Hydrogen  occurs  chiefly  in  combin- 
ation with  oxygen  as  the  oxide,  water,  of  which  it  forms  11*13  per 
cent  by  weight;  also  in  combination  with  carbon  as  the  hydro- 
earbons  ^mineral  oils  and  gases),  produced  bvthe  slow  decomposition 
of  orgamc  matter.  Phosphorus  occurs  witn  oxv^en  principally  in 
calcic  phosphata  Of  the  metals,  a  few  are  found  in  the  native  state 
(gold,  silver,  copper,  &c.),  but  those  of  importance  in  the  framework 
of  the  earth's  crust  have  entered  into  combination  with  metalloids 
or  with  each  other. 

So  far  as  accessible  to  observation,  the  outer  portion  of  our  planet 
consists  mainly  of  metalloids.  Its  metallic  constituents  have  already 
in  great  part  entered  into  combination  with  oxygen,  so  that  the 
atmosphere  contains  the  residue  of  that  gas  which  has  not  yet  united 
itself  to  terrestrial  compounds.  In  a  broad  view  of  the  arrangement 
of  the  chemical  elements  in  the  external  crust,  the  suggestive 
speculation  of  Durocher  deserves  attention.^  He  regarded  afl  rocks 
as  referable  to  two  layers  or  magmas  co-existing  in  the  earth's  crust 

*  Jhm,  d€$  Mine$^  1857.    Tzanslaied  by  Hangbton,  Manwd  of  CMogy,  1866,  p.  16. 
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the  one  beneath  the  other,  according  to  their  specific  ^yitieg.  The 
npper  or  outer  layer,  which  he  termed  the  acid  or  siliceous  magma, 
contains  an  excess  of  silica,  and  has  a  mean  density  of  2*65.  The 
lower  or  inner  layer,  which  he  called  the  basic  magma,  has  from  six 
to  eight  times  more  of  the  earthy  bases  and  iron  oxides,  with  a  mean 
density  of  2-96.  To  the  former  he  assigned  the  early  plutonic  rocks, 
granite,  felsite,  &c.,  with  the  more  recent  trachytes ;  to  the  latter  he 
relegated  all  the  heavy  lavas,  basalts,  diorites,  &c.  The  ratio  of 
silica  is  7  in  the  acid  magma  to  5  in  the  basic.  Though  the  propor- 
tion of  this  acid  or  of  the  earthy  and  metallic  bases  cannot  be 
regarded  as  any  certain  evidence  of  the  geological  date  of  rocks,  nor  of 
their  probable  depth  of  origin,  it  is  nevertheless  a  fact  that  (with 
many  important  exceptions)  the  eruptive  rocks  of  the  older  geological 
periods  are  very  generally  super-silicated  and  of  lower  specific 
gravity,  while  those  of  later  time  are  very  frequently  poor  in  silica, 
but  rich  in  the  earthy  bases  and  in  iron  and  manganese,  with  a 
conseauent  higher  specific  gravity.  The  latter,  according  to 
Durocner,  have  oeen  forced  up  from  a  lower  zone  through  the  lighter 
siliceous  crust.  The  sequence  of  volcanic  rocks  as  first  announced 
by  Kichthofen,  has  an  interesting  connection  with  this  speculation. 

The  main  mass  of  the  earth's  crust  is  composed  ot  a  few  pre- 
dominant compounds.  Of  these  in  every  respect  the  most  abunaant 
and  important  is  Silicon  dioxide  or  Silica  (Kieselerde)  Si  0^  It  forms 
more  than  one  half  of  the  known  crust,  seeing  that  it  enters  as  a 
main  ingredient  into  the  composition  of  most  crystalline  and  frag- 
mental  rocks.  It  occurs  in  the  free  state  as  the  abundant  rock- 
forming  mineral  quartz.  Being  one  of  the  acid-forming  oxides 
(H^SiOo  Silicic  acid,  Kieselsaure)  it  forms  combinations  with 
alkaline,  earthy,  and  metallic  bases  which  appear  as  the  prolific  and 
universally  diffused  familv  of  the  silicates.  Moreover  it  is  present  in 
solution  in  terrestrial  and  oceanic  waters,  from  which  it  is  deposited 
in  pores  and  fissures  of  rocks.  It  is  likewise  secreted  from  these 
waters  by  abundantly  diffused  species  of  plants  and  animals  (diatoms, 
radiolarians,  &c.)  It  has  been  largely  effective  in  replacing  the 
organic  textures  of  former  organisms,  and  thus  preserving  them  as 
fossils. 

Alumina  or  Aluminium  oxide  (ThonerdeV  AIbO,,  occurs  sparingly 
native  as  Corundum,  which,  however,  according  to  F.  A.  Genth,  was 
the  original  condition  of  many  now  abundant  complex  aluminous 
minerals  and  rocks.  The  most  common  condition  of  aluminium  is 
in  union  with  silica.  In  this  form  it  constitutes  the  basis  of  the  vast 
family  of  the  aluminous  silicates,  of  which  so  large  a  portion  of  the 
crystalline  and  fragmental  rocks  consists.  Exposed  to  the  at- 
mosphere, these  silicates  lose  some  of  their  more  soluble  ingredient^, 
and  the  remainder  forms  aa  earth  or  clay  consisting  chiefly  of 
silicate  of  aluminium. 

Carbon  in  the  various  kinds  of  coal  takes  rank  as  an  importatit 
rock-forming  element    But  its  most  universal  condition  is  in  carbon 
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dioxide,  COa  preeent  in  the  air,  in  rain,  in  the  sea,  and  in  ordinary 
terrestrial  waters.  This  oxide  is  soluble  in  water,^  giving  rise  then 
to  a  dibasio  acid  termed  Carbonic  Acid  (Kohlensanre)  CO  (0H)2  or 
H,  CO3,  which,  in  combination  with  calcium,  has  been  instrumental 
in  the  formation  of  vast  masses  of  solid  rock.  Carbon  dioxide 
constitutes  a  fifth  part  of  the  weight  of  ordinary  limestone. 

Bulphnr  (Soufre,  Bchwefel)  S,  occurs  uncombined  in  occasional 
deposits  like  those  of  Sicily  and  Naples,  to  be  afterwards  described, 
aw)  in  union  with  iron  and  other  metals  as  sulphides;  but  its 
principal  condition  as  a  rock-builder  is  in  combination  with  oxygen 
M  sulphuric  acid  (Schwefelsfiure)  Hj  SO4  which  with  lime  forms  beds 
of  sulphate. 

Calcium  enters  into  the  comjposition  of  many  crystalline  rocks 
in  combination  with  silica  and  with  other  silicaies.  But  its  most 
abundant  form  is  in  union  with  carbon  dioxide  when  it  appears  as  the 
mineral  calcite  (Ca  CO3)  or  the  rock  limestone.  Calcium  carbonate, 
being  soluble  in  water  containing  carbonic  acid,  is  one  of  the  most 
nnirersally  diffused  mineral  ingredients  of  natural  waters.  It 
rappliee  the  varied  tribes  of  moUusca,  corals,  and  many  other 
uvertebrates  with  the  mineral  substance  for  the  secretion  of  their 
tests  and  skeletons.  Such  too  has  been  its  office  from  remote 
geological  periods,  as  is  shown  by  the  vast  masses  of  organically 
formed  limestone  which  enter  so  conspicuously  into  the  structure  of 
the  continents.  In  combination  with  sulphuric  acid,  calcium  forms 
important  beds  of  gypsum  and  anhydrite. 

Ma^esium,  Potassium,  and  Sodium  play  a  less  conspicuous 
but  still  essential  part  in  the  composition  of  the  earth's  crust. 
Magnesium  in  combination  with  silica  forms  a  class  of  silicates  of 
prime  importance  in  the  composition  of  volcanic  and  metamorphic 
rocks.  As  a  carbonate  it  unites  with  calcium  carbonate  to  form 
the  widely  diffused  rock,  dolomite.  Potassium  or  Sodium  combined 
with  silica  is  present  in  small  quantity  in  most  silicates.  In  union 
with  chlorine  as  common  salt  sodium  is  the  most  important  mineral 
ingredient  of  sea-water,  and  can  be  detected  in  minute  quantities  in 
air,  rain,  and  in  terrestrial  waters.  In  the  old  chemical  formulae 
hitherto  employed  in  mineralogy  the  metals  of  the  alkalies  and 
alkaline  earths  are  represented  as  oxides.  Thus  lime  (calcium 
monoxide),  soda  (sodium  monoxide),  potash  (potassium  monoxide), 
mamesia  (magnesium  oxide),  are  denoted  as  in  union  with  carbonic 
acid,  sulphuric  acid,  silica,  &c.,  forming  carbonates,  sulphates,  silicates 
of  lime,  soda,  &c. 

Iron  and  Manganese  are  the  two  most  common  heavy  metals, 
occurring  both  in  the  form  of  ores  and  as  constituents  of  rocks.  Iron 
is  the  great  pigment  of  nature.  Its  peroxide,  sesquioxide,  or 
frrric  oxide  forms  large  mineral  masses,  and  together  with  the 
protoxide  or  ferrous  oxide  occurs  in  smaller  or  larger  proportions  in 

'  One  Tolmne  of  water  at  (P  C.  disaolves  1-7967  Yolmnes  of  carbon  dioxide;  at 
1^  C  the  anKmnt  It  rednced  to  1*0020  volnmea. 
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the great  majority  of  crystalline  rocks.  Iron  is  removed  in  solatiou 
in  Vie  water  of  springs  and  precipitated  as  a  hydrous  peroxide. 
Manganese  is  commonly  associated  with  iron  in  minute  proportions  in 
igneous  rocks,  and  being  similarly  remoyed  in  solution  in  water,  is 
thrown  down  as  bog  manganese  or  wad. 

Silicic  Acidy  Carbonic  Acid,  and  Sulphuric  Acid  are  the  three 
acids  with  which  most  of  the  bases  that  compose  the  earth's  cmst 
have  been  combined.  With  these  we  may  connect  the  water 
whichy  brides  merely  percolating  through  rocKs»  or  existing  as  water 
of  crystallization  in  minerals,  hais  been  chemically  absorbed  in  the 
process  of  hydration,  and  which  thus  constitutes  more  than  10  or 
even  20  per  cent,  of  some  rocks  (e^psum). 

Although  every  mineral  may  be  made  to  yield  data  of  more  or 
less  geolodeal  significance,  it  will  be  needful  to  bring  under  the 
notice  of  the  student  here  onl^  those  minerals  which  enter  as  chief 
ingredients  into  the  composition  of  rock-masses,  or  which  are  of 
frequent  occurrence  as  accessories.  Of  the  species  thus  introduced,  it 
will  be  proper  to  dwell  more  particularly  on  those  of  their  characters 
which  are  of  chief  interest  from  a  geological  point  of  view,  such  ss 
their  modes  of  occurrence  in  relation  to  the  genesis  of  rocks,  and  their 
weathering  as  indicative  of  the  nature  of  rock-decomposition.  It 
will  thus  he  unavoidable  that  subjects  must  be  referred  to  by  antici- 
pation which  will  find  fuller  treatment  in  the  sequel.  But  the  cross 
references  will,  it  is  hoped,  enable  the  reader  to  pass  with  ease  firom 
the  enumeration  of  the  facts,  which  is  what  is  chiefly  intended  in  the 
present  section,  to  the  discussion  of  the  meaning  of  these  (acts  as  given 
in  subsequent  pages. 

^  §  ii  Boehforminff  Minerals. 

Minerals  as  constituents  of  rocks  occur  in  four  conditions,  accord- 
ing to  the  circumstances  under  which  they  have  been  produced. 

1.  OrystaUine,  as  (a)  more  or  less  regularly  defined  crystsJs ;  (b) 
amorphous  granules  or  aggregations  having  an  internal  crystalline 
structure  in  most  cases  easuy  recognizable  with  polarized  lieht ;  {c) 
**  crystallites  "  or  **  microliths,"  incipient  forms  of  crystamiation, 
which  are  described  on  p.  100.  The  crystalline  condition  may  arise 
either  from  igneous  fusion  or  from  aaueous  solution.^ 

2.  Olassjf  or  vttreouB,  as  a  natural  glass  usually  including  either 
crystals  or  crystallites,  or  both.  Minerals  have  assumed  this  condition 
from  a  state  of  fusion.  The  glass  tnay  consist  of  several  minerals 
fused  into  one  homogeneous  substance.  Where  it  has  been 
*^  devitrified,'*  tiiat  is,  has  assumed  a  lithoid  or  stony  structure,  the« 
component  minerals  crystallize  out  of  the  glassy  magma,  and  may  be 
recognised  in  various  stages  of  growth. 

3.  CoUoid,  as  a  jelly-like  though  stony  substance,  of  which 

>  For  the  microacopio  ohuAoten  of  mlnendt  and  rockf,  aee  p.  94. 
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calcedony  may  be  taken  as  the  type.  Minerals  in  this  form  have 
probably  always  resulted  as  a  deposition  from  aqneous  solutions. 

4.  Amorphous^  haying  no  crystalline  structure  or  form,  and 
occarriDg  in  indefinite  masses,  granules,  streaks,  tufts,  stainings,  or 
other  irregular  modes  of  occurrence. 

A  mineral  which  has  replaced  another  and  has  assumed  the 
external  form  of  the  mineral  so  replaced,  is  termed  a  Pseudo- 
morph.  A  mineral  which  encloses  another  has  been  called  a  Peri- 
nunyh ;  one  enclosed  within  another,  an  Endomorph. 

Minerals  ma^  either  be  essential  or  accessory,  original  or 
secondary  constituents  of  rocks.  A  mineral  is  an  essential  in- 
gredi^it  when  its  absence  would  so  alter  the  character  of  a  rock 
as  to  make  it  something  fundamentally  different.  The  quartz 
d  granite,  for  example,  is  an  essential  constituent  of  that  rock, 
the  removal  of  which  would  make  some  other  petrographical 
species.  All  essential  minerals  are  original  constituents  of  a  rock, 
bat  all  the  original  constituents  are  not  essential.  In  granite,  for 
example,  topaz,  beryl,  sphene,  and  other  minerals  often  occur  under 
drcomstances  which  show  that  they  crystallized  out  of  the  original 
magma  of  tiie  rock.  But  they  form  so  trifling  a  proportion  in  the 
total  mass,  and  their  absence  would  so  little  affect  the  general 
character  of  that  mass,  that  they  are  regarded  as  mere  acces- 
sory though  undoubtedly  original  ingredients.^  Again,  in  rocks  of 
igneous  origin,  such  as  modem  laya,  me  essential  ingredients  cannot 
M  traced  oack  further  than  the  eruption  of  the  mass  containing 
them.  9hey  are  not  only  original  as  constituents  of  the  laya, 
but  are  themselyes  original  and  non-deriyatiye  minerals,  produced 
directly  from  the  crystallization  of  molten  minerals  ejected  from 
beneatn  the  earth's  crust,  though,  as  Michel  L^vy  has  shown,  the 
debris  of  older  minerals  may  sometimes  be  traced  amidst  the  later 
crystab  of  massiye  rocks.^  In  rocks  of  aqueous  origin,  howeyer, 
there  are  many,  such  as  conglomerates  and  sandstones,  where  the  com- 
ponent minerals,  though  original  ingredients  of  the  rocks,  are  eyidently 
of  deriyative  origin.  The  little  quartz  granules  of  a  sandstone  haVe 
formed  part  of  the  rock  eyer  since  it  was  accumulated,  and  are  its 
essential  constituente.  Yet  each  of  these  once  formed  part  of  some 
older  rocks,  the  destruction  of  which  yielded  materials  for  the  produc- 
tion of  the  sandstone. 

The  same  mineral  may  occur  both  as  an  original  and  as  a 
seooadary  constituent.  Quartz,  for  example,  appears  everywhere  in 
both  conditions ;  indeed,  it  may  sometimes  be  found  in  the  twofold 
form  eyen  in  the  same  rock,  though  there  is  then  usually  some 
difference  between  the  original  and  secondary  quartz.  A  quartz- 
felsite,  for  instance,  abounds  in  original  little  kernels,  or  in  double 

*■  Some  of  tbe  **  accesiory '^  minerakL  howeyer,  may  be  of  great  importance  as 
hidUjBtiTe  of  the  oonditionB  under  which  the  rock  was  formed. 

>  BuO,  8oe.  GM.  France,  8rd  ser.  iii.  199.  Bee  also  Fouqud  et  Michel  L^vy. 
**llin6alogie  Micrographique,"  p.  189. 
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pyramids  of  the  mineral  often  enclosing  fluid  cavitieSy  while  the 
secondary  or  accidental  forms  occur  in  veinSy  reticulations,  or 
other  iiTegular  aggregates,  distinguished  by  a  peculiar  chequered 
structure  in  polarized  light,  and  by  an  absence  of  the  crowded 
cavities  so  characteristic  in  the  quartz  of  igneous  rocks. 

Accessory  minerals  frequently  occur  in  cavities  where  they  have 
had  room  to  crystallize  out  from  the  general  mass.  The  **  drusy  " 
cavities  or  open  spaces  lined  with  well  developed  crystals  found  in 
some  granites  are  good  examples,  for  it  is  there  that  the  non-essential 
minerals  are  chiefly  to  be  recognized.  The  veins  of  segregation 
found  in  many  crystalline  rocks,  particularly  in  those  of  the  granitic 
series,  are  further  illustrations  oi  the  original  separation  of  mineral 
ingredients  from  the  general  magma  of  a  rock  (see  p.  132).  In  some 
cases  minerals  assume  a  concretionary  shape,  which  may  be  ob- 
served chiefly  though  not  entirely  in  rocks  formed  in  water.  Some 
minerals  are  particularly  prone  to  occur  in  concretions.  Siderite  or 
ferrous  carbonate  is  to  be  found  in  abundant  nodules  mixed  with 
clay  and  organic  matter  among  consolidated  muddy  deposits.  Gal- 
cite  or  calcium  carbonate  is  likewise  abundantly  concretionary. 
8ilica  in  the  forms  of  chert  and  flint  appears  in  irregular  concretions, 
in  old  calcareous  formations,  composed  mainly  of  the  remains  of 
marine  organisms. 

Secondary  minerals  have  been  developed  as  the  result  of  sub* 
sequent  changes  in  rocks,  and  are  almost  invariably  due  to  the 
chemical  action  of  percolating  water,  either  from  aoove  or  from 
below.  Occurring  under  circumstances  in  which  such  water  oould 
act  with  e£fect,  they  are  found  in  cracks,  joints,  Assures,  and  other 
divisional  planes  and  cavities  of  rocks.  These  subterranean  channels, 
frequently  several  feet  or  even  yards  wide,  have  been  gradually 
filled  up  by  the  deposit  of  mineral  matter  on  their  sides  (see  the 
Section  on  Mineral  Veins).  The  cavities  formed  by  expanding 
steam  in  ancient  lavas  (amygdaloids)  have  offered  abundant  op- 
portunities for  deposits  ot  this  kind.  They  have  accordingly  been 
m  large  measure  occupied  by  secondary  minerals  (amygdules),  such 
as  calcite,  calcedony,  quartz  and  zeolites. 

In  the  succeeoing  description  of  the  more  important  rock- 
foiming  minerals,  attention  will  be  drawn  to  physical  characters, 
such  as  crystalline  form,  hardness^  (H.),  and  specific  gravity  (Gr.) ; 
chemical  composition ;  modes  of  occurrence,  whether  original  or 
secondary ;  and  modes  of  origin,  whether  igneous,  aqueous,  or  organic ; 
pseudomorphs,  that  is,  the  various  minerals  which  any  given  mineral 
has  replaced,  while  retaining  their  external  forms,  and  likewise  those 
which  are  found  to  have  supplanted  the  mineral  in  question  while  in 
the  same  way  retaining  its  form — a  valuable  clue  to  the  internal 

*  The  scale  of  hardness  in  use  among  mineralogists  is  divided  into  ten  de^^es,  each 
denoted  by  the  name  of  some  mineral :  1,  Talc.  2.  Hook-salt.  8.  Caldte.  4.  Flnor-spar. 
S.  ApaUte.  6.  Orthoclase.  7.  Quartz.  8.  Topaz.  9.  Corundum.  10.  diamond. 
A  mineral  which  is  scratched  with  the  same  ease  as  quartz  is  said  to  have  fl.  7 ;  a 
mineral  which  scratches  fluor-spar,  hut  is  scratched  by  apatite,  is  between  H.  4  and  H.  5. 
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chemical  chAngeB  which  roctu  undergo  from  the  action  of  perco- 
ktiDg  water  (Sook  JH.  Fart  IL  Section  ii.^  §  1  and  2) ;  and  lastly, 
diaracteristics  or  peculiarities  of  weathering,  where  any  such  exist 
that  deserve  special  mention. 

The  native  elements  are  comparatively  of  rare  occurrence,  and 
only  two  of  them,  carbon  and  sulphur,  occasionally  play  the  part  of 
iioteworthy  essential  and  accessory  constitutents  of  rooks.  A  few  of 
the  native  metals,  more  specially  copper  and  gold,  now  and  then 
appear  in  suflScient  quantity  to  constitute  oommeroially  important 
ingredients  of  veins  and  rook-masses. 

Graphit6.-^Rarely  crystallized  in  hexagonal  forms,  usually 
granular,  scalv,  or  compaict.    H.  O'5-^l-O.     Gr.  l"9-^2'3.    Nearly 

fiore  carbon,  but  generally  with  at  least  1  or  2  per  cent  of  silica, 
ime,  iron,  or  other  impurity.  Under  the  microscope,  opaque ;  ap- 
pearing velvet-black  with  reflected  light.  Pound  chiefly  in  ancient 
crystalline  rooks,  as  gneiss,  mica-schist,  granite,  Ac. ;  some  of  the 
Laurentian  limestones  of  Canada  being  so  full  of  the  diffused 
mineral  as  to  be  profitably  worked  for  it;  in  rare  instances  coal 
has  been  observed  changed  into  it  by  intrusive  basalt  (Ayrshire). 
Probably  in  most  cases  the  result  of  the  alteration  of  imbedded 
organic  matter,  especially  remains  of  plants ;  oocasionally  observed 
as  a  pseudomorph  after  oalcite  and  pyrites,  and  sometimes  en- 
closing sphene  and  other  minerals.^ 

Graphite  is  little  affected  by  percolating  water,  hence  it  is  not  a 
replacement  mineral.  But  Yom  Rath  has  described  an  examf)le 
from  Westphalia  where  calcite  has  been  partially  replaced  eiLtemally 
by  an  encrusting  pseudomorph  of  graphite.^ 

Bulphtur. — Crystallized  in  rhon^ic  pyramids ;  but  more  commonly 
compact,  granular,  powdery,  stalactitio,  or  inorusting.  H.  1*5 — 2*5. 
Gr.  1*9— 2*1.  Normally  pure  sulphur,  but  often  much  mixed  with 
earthy,  calcareous,  or  bituminous  impurities.  Occurs  under  two 
conditions.  Ist,  as  a  product  of  volcanic  action  in  the  vents  and 
fissures  of  active  and  dormant  cones.  Volcanic  sulphur  is  formed 
from  the  oxidation  of  the  sulphuretted  hydrogen,  so  copiously 
emitted  with  the  steam  that  issues  from  volcanic  vents,  as  at  the 
8olfatara,  near  Naples.  It  may  also  be  produced  by  the  mutual 
decompositicm  of  tne  same  gas  aad  anhydrous  sulphuric  acid.  2nd, 
in  beds  and  layers  or  diflus^  particles  resulting  from  the  alteration 
of  pre?ious  minerals,  particularly  sulphates,  or  from  deposit  in  water 
through  decomposition  of  sulphuretted  hydrogen.  The  frequent 
crysttulization  of  sulphur  shows  that  the  mineral  must  have  been 
formed  at  ordinary  temperatures,  for  its  natural  crystals  melt  at 
238-1**  Fahr.  Its  formation  may  be  observed  in  progress  at  many 
sulphureous  springs,  where  it  falls  to  the  bottom  as  a  pale  mud 
through  the  oxidation  of  the  sulphuretted  hydrogen  in  the  water. 
It  occurs  in  Sicily,  Spain  and  elsewhere,  in  beds  of  bituminous 

'  Yom  B«ilL  BUxungiiber,  Wien,  Ahtid*  z.  p.  67 ;  Sullinm  in  Jukes*  Manual  of  Qeology^ 
8fd  «dit  !>.  56. 

«  N^tLa  Jahfh.  Min.  1874,  p.  522. 
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limestone  and  gypsnm.  These  strata,  sometimes  full  of  remains  of 
fresh-water  sheUs  and  plants,  are  interlaminated  with  sulphur,  the 
very  shells  being  not  infrequently  replaced  by  this  mineral.  Here 
the  presence  of  the  sulphur  may  be  traced  to  the  reduction  of  the 
calcium  sulphate  to  the  state  of  sulphide  through  the  action  of  the 
decomposinjg  organic  matter,  and  the  subsequent  production  and 
decomposition  of  sulphuretted  hydrogen,  with  consequent  liberation  of 
sulphur.^  The  sulphur  deposits  of  Sicily  furnish  an  excellent  illus- 
tration of  the  alternate  deposit  of  sulphur  and  limestone.  They 
consist  mainl;^  of  a  marly  Hmestone,  through  which  the  sulphur  is 
partly  disseminated  and  partly  interstratined  in  thin  laminaa  and 
thicker  layers,  some  of  which  are  occasionally  28  feet  deep.  Below 
these  deposits  lie  older  Tertiary  gypseous  formations,  the  decompo- 
sition of  which  has  probably  produced  the  deposits  of  sulphur  in  the 
overlying  more  recent  lake-basins.^ 

The  weathering  of  sulphur  is  exemplified  on  a  considerable  scale 
at  these  Sicilian  deposits.  The  sulphur,  in  presence  of  limestone, 
oxygen,  and  moisture,  becomes  sulphuric  acid,  which  combining 
with  the  limestone  forms  gypsum,  a  curious  return  to  what  was 
probably  the  ori^nal  substance  from  the  decomposition  of  which  the 
sulphur  was  denved.  Hence  the  site  of  the  outcrop  of  the  sulphur 
beds  is  marked  at  the  surface  by  a  white  earthy  rock,  or  horscah^ 
which  is  regarded  by  the  miners  in  Sicily  to  be  a  sure  indication  of 
sulphur  underneath,  as  the  gossan  of  Cornwfdl  is  indicative  of  under- 
lying metalliferous  veins.* 

Lron. — ^This  most  important  of  all  the  metals  has  hitherto  been 
found  oxAj  sparingly  in  the  native  state.  It  occurs  in  grains  and 
blocks  which  have  fallen  from  planetary  space  as  meteorites.  Nor- 
denskiold  describes  fifteen  blocks  of  iron  on  the  island  of  Disco, 
Greenland,  the  weight  of  the  two  largest  being  21,000  and  8,000 
kilogrammes  (11-8  and  7*9  tons)  respectively.  Numerous  smaller 
pieces  have  been  picked  up  in  most  parts  of  the  world ;  fine  grains 
or  dust  of  similar  iron  have  been  observed  in  hailstones  and  in  snow 
of  the  Alps,  Sweden  and  Siberia,  and  by  Mr.  Murray  of  the 
Challenger  on  the  ocean  floor  at  remote  distances  from  lana.  There 
can  be  no  doubt  that  a  small  but  constant  supply  of  native  iron 
is  falling  iipon  the  earth's  surface  from  outside  the  terrestrial 
atmosphere.  This  iron  is  alloyed  with  nickel,  and  contains  small 
quantities  of  cobalt,  copper  and  other  ingredients.  Dr.  Andrews, 
however,  showed  in  1852  that  native  iron  in  minute  spicules  or 
granules  exists  in  some  basalts  and  other  volcanic  rocks,^  and 
Mr.  J.  Y.  Buchanan  has  recently  detected  it  in  appreciable  quan- 
tity in  the  gabbro  of  the  West  of  Scotland.    It  occurs  also  in 

*  Braun,  BuO.  8oe.  Gdbl  France,  Ist  Ber.  xiL  p.  171. 

*  Memorie  dd  R,  Comiiato  QtcHogieo  tC Italia,  I  (1S71). 
»  Joum,  8oe.  Art$,  IS73,  p.  170. 

*  Bee  Ehrenberg,  FroriepB  Notizen,  Feb.  1S46 ;  Nordenskiold,  Compte9-rendui  Acad. 
8ci,  Ixxrii.  p.  463,  Ixxviii  p.  236.  TLwandier,  op.  cit.  IxxvilL  p.  S21,  Ixix.  p.  58,  Ixxxi. 
p.  576.    Bee  Ixxv.  (1872)  p.  6S3.    Youg,  BuU.  8oe,  Vaudoise,  Sci.  Nat.  (1876X  xiv.  p.  493. 

»  BrU.  AgBoe.  Rep.  185'2.  v        /»         ** 
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basalts  of  Bohemia  and  Greenland.  Nordenskiold  observed  that 
at  the  same  locality  in  Disco  Island,  where  he  found  the  large 
Uocks  of  native  iron,  the  underlying  basalt  contained  lenticular  and 
disc-shaped  blocks  of  precisely  similar  iron.  He  infers  that  the 
whole  of  the  blocks  may  belong  to  a  meteoric  shower  which  fell 
daring  the  time  (Tertiary)  when  the  basalt  was  poured  out  at  the 
soriace.  He  dismisses  the  suggestion  that  the  iron  could  possibly 
be  of  telluric  origin.^  But  the  microscope  reveals  in  this  basalt  the 
pref^ence  of  minute  particles  of  native  iron  which,  associated  with 
viridite,  are  mouldea  round  tl^e  crystals  of  labradorite  and  augite.^ 
Danbr^  appears  therefore  to  be  justified  in  re^ardin^  this  iron  as  de- 
rived from  tne  inner  met^c  portions  of  the  ^obe  which  lie  at  depths 
inaccessible  to  our  observations,  but  from  which,  on  his  view,  the  vast 
Ore^and  basalt-emptions  have  brought  up  traces  to  the  surface.^ 

In  the  great  majority  of  cases  the  Oxides  occur  combined  with 
some  acid.  A  few  uncombined  take  a  prominent  place  as  essential 
constituents  or  frequent  ingredients  of  rocks. 

SnJOA  is  found  in  three  forms,  Quartz,  Tridymite,  and  Opal. 

Qxuuriz  occurs  either  (1)  crystallized  in  clear  hexagonal  prisms 
(rock-crystal,  amethyst,  cairngorm),  also  opaque  or  translucent, 
granular,  crystalline  (common  quartz,  vein  quartz),  or  (2)  non- 
crystalline, crypto-crvstalline,  or  compact  (calcedony,  hornstone, 
jasper),  often  coloured  with  iron  or  other  impurity.  Si  Oj>  =  Si  46-67, 
0  53-33.  H.  =  7.  Gr.  2*5— 2-8.  Calcedlony  includes  translucent, 
compact,  non-crystalline  minerals  occurring  in  stalactitic  or  en- 
crusting forms,  and  in  nodules  and  layers:  regarded  as  intimate 
mixtures  of  amorphous  (soluble  in  caustic  potass)  and  crystalline 
silica. 

Quartz  is  abundant  as  (1)  an  essential  constituent  of  rocks,  as  in 
granite,  (p.  131),  gneiss,  mica-schist,  quartz-trachyte,  quartz-porphyry, 
sandstone;  (2)  an  accessory  ingredient  filling  wholly  or  partially 
veins,  joints,  cracks  and  cavities.  It  has  been  produced  from  (a) 
igneous  action,  as  in  volcanic  rocks;  (b)  aquo-igneous  or  plutenic 
action,  as  in  granites,  gneisses,  &c. ;  (c)  solution  in  water,  as  where 
it  lines  cavities  or  replaces  other  minerals.  The  last  mode  of  forma- 
tion is  that  of  the  crvstalline  and  non-crystalline  quartz  and 
caloedony  found  as  secondary  ingredients  in  rocks. 

The  study  of  the  endomorpns  and  pseudomorphs  of  quartz  is  of 
great  importance  in  the  investigation  of  the  history  of  rocks.  No 
mineral  is  so  conspicuous  for  the  variety  of  other  nunerals  enclosed 
within  it  In  some  secondary  quartz  crystals  each  prism  forms 
A  small  mineralogical  cabinet  enclosing  a  dozen  or  more  distinct 
minerals,  as  rutile,  hsematite,  limonite,  pyrites,  chlorite,  and  many 
others.*    Quartz   may  be    observed    replacing    calcite,  aragonite, 

•  GtU,  Mag.  ix.  *  Fonqu^  et  liichel-L^vy,  op,  eU.p.  443. 

'  Duibc^  IH$eour$f  Acad,  8eienee$.  1  March.  1S80,  p.  17.  See  eIbo  W.  Fligbt  in 
6toL  Mag.  ii.  (2iid  aerO  P.  152. 

*  See  BnUitaD,  in  JviM  Manual,  p.  61. 
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fiiderite,  gypsum,  rock-salt,  haematite,  &c.  This  facility  of  replace- 
ment constitutes  silica  one  of  the  most  valuable  petrifying  agents  in 
nature.  Organic  bodies  which  have  been  silicified  retain  often  with 
the  utmost  perfection  their  minutest  and  most  delicate  structured. 

The  student  can  usually  detect  quartz  by  its  external  characters, 
and  especially  by  its  vitreous  lustre  and  hardness.  When  in  the  form 
of  minute  blebs  or  crystals,  it  may  be  recognised  in  manv  rocks  with 
a  good  lens.  Under  the  microscope  it  presents  a  cnaracteristic 
brilliant  chromatic  polarization,  witn  no  trace  of  any  alteration  of 
its  borders;  while  calcedony  displays  a  minute  concentric  radial 
structure  giving  a  black  cross  between  crossed  Nicols.  Where  it  is 
an  original  and  essential  constituent  of  a  rock  quartz  it  very  com- 
morJy  contains  minute  rounded  or  irregular  cavities  or  pores 
partially  filled  with  liquid.  So  minute  are  these  cavities  that  a 
thousand  millions  of  them  may,  when  they  are  closely  aggregated, 
lie  within  a  cubic  inch.  The  liquid  is  chiefly  water,  not  uncommcmly 
containing  sodium  chloride  or  other  salt,  sometimes  liquid  carbon 
dioxide  and  hydro-carbons.^ 

Bock  crystal  and  crystalline  quartz  resist  atmospheric  weathering 
with  great  persistence.  Hence  the  quartz  grains  may  usually  he 
^isily  discovered  in  the  weathered  crust  of  a  quartziferoas  igneous 
rock.  But  corroded  quartz  crystals  have  been  observed  in  exposed 
mountainous  situations,  with  their  edges  rounded  and  eaten  away.' 
The  non-crystallized  forms  of  silica  are  more  easily  affected.  Flmt 
and  many  forms  of  coloured  calcedony  weather  with  a  white  crust 
But  it  is  chiefly  from  the  weathermg  of  silicates  (especially  through 
the  action  of  organic  acids)  that  the  soluble  silica  of  natural  waters 
is  derived.    Book  III.  Part  II.  Section  ii.  §  7. 

Tridsrmite,  in  minute  hexagonal  tables  (belonging  according  to 
von  Lasaulx  to  the  triclinic  system),  often  somewhat  rounded,  and 
almost  alwavs  grouped  in  twins,  or  still  more  in  trins  (hence  the 
name),  which  are  aggregated  round  and  upon  each  other,  has  been 
met  with  chiefly  among  volcanic  rocks  (trachytes,  andesites.  Sec.), 
both  as  an  abundant  constituent  of  those  which  have  been  poured 
out  in  the  form  of  lava,  and  also  in  the  ejected  blocks  of  Vesuvius.^ 

Opal — ^the  hydrated  form  of  silica;  amorphous,  eubtrans- 
lucent  to  opa(jue,  containing  3  to  13  per  cent,  of  water,  with  variable 
admixture  of  iron  oxides,  lime,  magnesia,  alumina,  and  alkalies.  H. 
5*5 — 6*5.  Gr.  1*9 — 2'3.  The  opals  have  been  formed  from  solution  in 
water,  or  from  the  hydration  of  anhydrous  sQica.  Noble  opal,  fire  opal, 
common  opal,  and  semi-opal  are  usually  disseminated  in  veins  and 
nesta  through  rocks.     Semi-opal  occasionally  replaces  the  original 

'  See  Brewit«r.  Tran$.  Hoy,  8oe,  FAin.  x.  p.  1.  fiorbr,  Qwxri,  Jomm.  G^oL  Kir. 
xiv.  p.  453.  Proe,  Boy.  8oe.  xv.  p.  153 :  xvii.  p.  299.  Zirkel,  MikrotkopUtAe  Bf$dkaffnhfit 
der  Mineralim  und  Uetteine,  p.  39.  BosenbuBch,  Mikrotkopuche  Phyriograpkie,  i.  p.  90. 
Hartley,  Joum,  Chem,  8oe.  February,  1876.  The  ocoturenoe  of  flajd  o«Titi€«  in  tbc 
crystals  of  rocks  is  more  Mly  described  in  Part  II.  §  iv.  of  this  Book. 

'  Roth.  Chem,  QeoL  i.  p.  94. 

•  Vom  Rath.    Z,  Btuttek,  Oed,  Ot$,  xxv.  p.  236, 1873. 
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sabetance  of  fossil  wood  (wood-opal).  Several  forms  of  opal  are  deposited 
by  gejsers,  and  are  known  nnder  the  general  appellation  of  sinters. 
Hydrated  silica  appears  likewise  as  the  result  of  plant  and  animal 
growth  in  tripoli  powder,  randanite,  and  other  earths  which  are 
composed  mainly  or  wholly  of  the  remains  of  diatoms,  &c. 

Corandtun  occurs  in  clear  rhombohedral  forms  (sapphire  and 
ruby) ;  also  in  dull,  coarse,  feebly  translucent  crystalfl  (corundum), 
aod  in  an  amorphous  granular  form  mixed  with  iron  oxide  (emery). 
R  9.  Gr.  3*9 — 4.  Alumina  or  aluminic  oxide,  Ala  O3  =  Al  53*2 
046*8.  Found  in  crystalline  rocks,  particularly  in  certain  serpentines 
and  schists,  gneiss,  granite,  dolomite,  and  rocks  of  the  metamorphic 
series.  The  largest  deposits  of  corundum  yet  known  occur  in  the 
eastern  states  of  America,  from  Massachusetts  to  Alabama.  One  of 
these  runs  for  four  miles,  with  a  thickness  of  four  feet,  in  a  talcose 
slate  and  serpentine  between  gneiss  and  mica-slate  in  the  centre  of 
the  Green  Mountains.  The  occurrence  of  such  enormous  masses  of 
alomina  has  been  pointedly  dwelt  upon  by  Dr.  P.  A.  Genth,  who 
has  brought  to  light  a  remarkable  series  of  transformations  of 
corundum  into  other  minerals,  amon^  which  are  spinel,  zoisite, 
felspars,  tourmaline,  fibrolite,  cyanite,  cmorite,  lazulite,  and  the  micas 
known  as  damourite  and  margarite.^  He  affirms  that  large  beds  of 
oonmdum  associated  with  the  deposition  of  chromiferous  chrysolite 
beds  (since  altered  into  serpentine)  have  been  subsequently  acted  upon 
in  such  a  way  as  to  be  converted  into  the  minerals  just  mentioned, 
and  that  a  portion  of  the  altered  products  remains  as  large  beds  of 
mica-  and  chlorite-slates  or  schists.  The  difficulty  of  explaining  how 
sach  alterations  could  take  place  in  a  substance  vmich  in  our 
laboratories  so  resists  solution,  he  has  not  yet  been  able  to  solve.' 
Corundum  (sapphire  and  ruby)  has  been  formed  artificially. 

Ibon  Oxides. — ^Four  minerals,  composed  mainly  of  iron  oxides, 
occor  abundantly  as  essential  and  accessory  ingredients  of  rock^. 
HflBmatite,  Limonite,  Magnetite,  and  Titanic  iron. 

Hflematite  (Fer  oligiste,  Botheisen,  Eisenslanz)  occurs  crystallized 
in  rhombohedral  forms  with  splendent  metallic  lustre  (specular  iron) 
but  most  commonly  in  compact  or  crypto-crvstalline,  usually  fibrous, 
sometimes  amorphous  aggregations  (rea  iron),  with  cherry-red  streak. 
H.  5-5— 6'5.  Gr.  5-19— 5-28.  Ferric  oxide,  sesquioxide  or  peroxide 
of  iron,  Fcj  0,=Fe  70,  0  30.  In  the  crystallized  form  the  mineral 
occurs  in  veins  as  well  as  lining  caTities  and  fissures  of  rocks.  The 
fibrous  and  more  common  form  (which  often  has  portions  of  its* 
mass  passing  into  the  crystallised  condition*^  lies  likewise  in  strings 
or  veins ;  luso  in  cavities,  which,  when  of  large  size,  have  given 
opportunity  for  the  deposit  of  great  masses  of  haematite,  as  in 

*  Amerieam  Pk(L  8oe,  1S73. 

*  Bat  of  the  realitr  of  some  of  the  remarkaUe  metamorpbitmB  he  deflcribefl,  the 
l«eieat  writer  ctn  i|M9aJc  with  the  oonfldenoe  .arising  from  a  personal  insMotion  of  the 
pioofii  with  which  Dr.  Genth  fikvonred  him  at  the  Lahoratoiy  of  the  UniverBity  of 
Psonsylrania  in  October,  1S79. 
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cavemons  limestones  (Westmoreland).  It  occurs  with  other  ores 
and  minerals  as  an  abundant  copiponent  of  mineral  yeins,  like- 
wise in  beds  interstratified  with  sedimentary  or  schistose  rocks. 
Scales  and  specks  of  opaque  or  clear  bright  red  haematite,  of 
frequent  occurrence  in  the  crystals  of  rocks,  give  them  a  reddish 
colour  or  peculiar  lustre  (pertnite,  stilbite).  Under  the  microscope 
haematite  is  dull  red  or  opaque,  distinguishable  from  magnetite 
by  crystalloeraphic  form  and  colour.  It  appears  abundantly  as 
a  product  of  sublimation  in  the  clefts  of  Tolcanic  cones  and  lava 
streams.  In  yeins  and  beds  amon^  rocks  it  is  probably  in  most 
cases  a  deposition  from  water,  resulting  from  the  alteration  of  some 
previous  soluble  combination  of  the  metal,  frequently  the  oxidation 
of  the  carbonate.  It  is  found  pseudomorphous  after  ferrous  car- 
bonate, and  this  has  probably  been  the  origin  of  beds  of  red  ochre 
occasionally  intercalated  amon^  stratified  rocks.     It  likewise   re- 

S laces  calcite,  dolomite,  quartz,  barytes,  pyrites,  magnetite,  rock-salt^ 
uor-spar,  &c, 

Limonite  (brown  iron  ore)  occurs  in  no  definite  crystallized 
form,  but  in  finely  fibrous  or  indistinctly  crystalline,  mammillated, 
encrusting,  or  stalactitic  aggregates,  often  earthy  and  amorphous; 
blackish  brown  to  ochre  yellow,  with  yellowish  brown  streak.  H.  5. 
Gr.  3*4 — 3'95.  Consists  of  hydrous  ferric  oxide,  Foj  Oj+S  H^  0= 
Foa  Og  85*56,  Ha  0  1444.  Occurs  in  beds  among  stratified  forma- 
tions, and  may  be  seen  in  the  course  of  deposit  through  the  action 
of  organic  acids  in  marsh  land  (bog  iron  ore)  and  lake-bottoms. 
(Book  IV.  Part  IL  Section  jii.)  ni  the  form  of  yellow  ochre 
it  is  precipitated  from  the  waters  of  chalybeate  springs  containing 
green  vitnol  deriyed  from  the  oxidation  of  iron  sulphides.^  Limo- 
nite is  a  common  decomposition  product  in  rocks  containing  iroa 
among  their  constituents.  It  is  thus  always  a  secondary  or  deriya- 
tiye  substance  resulting  from  chemical  alteration. 

The  pseudomorphous  forms  of  limonite  show  to  what  a  large 
extent  iron  oxides  are  carried  in  solution  through  rocks.  The 
mineral  has  been  found  replacing  calcite,  siderite,  dolomite, 
haematite,  magnetite,  pyrite,  marcasite,  galena,  blende,  gypsum, 
barytes,  fluor-spar,  pyroxene,  quartz,  garnet,  beryl,  &c. 

Magnetite  (Fer  oxydul^,  Magneteisen),  isometric,  abundant  in 
octohedral  forms,  in  crystallites,  and  in  minute  irregular  grains; 
also  massiye.  Strongly  magnetic.  Black,  with  a  semi-metallic  lustre, 
.and  subconchoidal  fracture.  H  55 — 6-5.  Gr.  4*9 — 5-2.  Ferroso- 
ferric  oxide — a  mixture  of  ferrous  oxide  (Fe  O  31'03)  and  ferric 
oxide  (Fca  0,  68-97)  or  Fe  72-41;  0  27-59,  but  often  containing 
titanic  acid  or  magnesia.  Soluble  in  hydrochloric  acid.  Under 
the  microscope  distinguishable  by  its  intense  opacity,  and  by  its  blue 
black  colour  with  reflected  light. 

Occurs  abundantly  in  some  schists,  particularly  in  chlorite-slate 
and  talo-slate  in  scattered  octohedral  crystals  sometimes  of  consider- 

*  Bnllivan,  op,  eit,  p.  68. 
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able  size;   in  other  schists  and  in  crystalline  massite  rocks  like 

KnitCy  in  diffosed  grains  or  minute  crystals ;  also  fouhd  in  massive 
Is  among  schists  and  gneisses^  aa  in  Norway  and  in  the  eastern 
states  of  North  America.  One  of  the  essential  ingredients  of  basalt 
and  other  volcanic  rocks,  being  there  present  in  minute  octohedral 
crystals,  or  in  granules  or  crystallites.  Likewise  found  as  a  pseudo- 
mor|)hou8  secondary  product  resultiug  from  the  alteration  of  some 
previous  mineral,  as  hsBmatite,  pyrit^i  quartz,  hornblende,  augite, 
garnet  and  sphene.  This  mineral  may  thus  result  from  either  aqueous 
or  igneous  action.  It  has  likewise  been  observed  with  hiematite,  &c., 
as  a  product  of  sublimation  at  volcatiic  foci  where  chlorides  of  the 
metais  in  presence  of  steam  are  resolVed  into  hydrochloric  acid  and 
anhydrous  oxides. 

Magnetite  is  liable  to  weather  by  the  reducing  effects  of  decern- 
pc^^g  organic  matter,  whereby  it  becomes  a  carbonate  and  then 
by  exposure  passes  into  the  hydrous  or  anhydrous  peroxide.  The 
magnetite  grains  of  basalt  rocks  are  Very  generally  oxidised  at  the 
surface,  and  sometimes  even  for  some  deptn  inward.  Michel-L^vy 
has  observed  them  to  be  enveloped  in  biotite.^ 

Titanic  Iron  rTitaniferous  Iron^  Menaccanite,  Ilmenite,  Fer 
titan^  Titaneisen),  distinguished  from  magnetite  by  its  rhombohedral 
crystallizatioD,  occurs  frequently  in  thin  puites  or  tables,  as  well  as  in 
diffused  grains.  H.  5 — 6.  Gr,  4*5—5*2.  A  mixture  of  oxides  of 
iron  and  titanium  in  considerably  variable  proportions,  being  some- 
times an  isomorphous  mixture  of  titanic  acid  and  ferrous  oxide; 
sometimes  with  the  addition  of  ferric  oxide,  or  with  that  of  mag- 
nesium titanate.  Scarcely  to  be  distinguished  from  magnetite  when 
seen  in  small  particles  under  the  microscope,  but  possessing  a 
brown  semi-metallic  lustre  with  reflected  light ;  resists  corrosion  by 
acids  when  the  powder  of  a  rock  containing  it  is  exposed  to  their 
action,  while  magnetite  is  attacked  and  dissolved.  Occurs  in 
scattered  grains,  plates,  and  crystals  as  an  abundant  constituent 
of  many  crystalline  rocks  (basalt  rocks,  diabase,  gabbro,  and  other 
igneous  masses);  also  in  veins  or  beds  in  syenite,  serpentine,  and 
Bietamorphio  rocks.  Some  of  the  Canadian  masses  of  this  mineral 
are  90  feet  thick  and  many  yards  in  length. 

Titanic  iron  frequently  resists  weathering,  so  that  its  black  glossy 
granules  long  project  from  a  weathered  surface  of  rock.  In  other 
cases  it  is  decomposed  either  by  oxidation  of  its  protoxide,  when  the 
usual  brown  or  yellowish  colour  of  the  hydrous  ferric  oxide  appears, 
or  by  removal  of  the  iron.  The  latter  is  believed  to  be  the  origin  of 
a  peculiar  milky  white  opaque  substance,  frequently  to  be  observed 
mider  the  microscope,  surrounding  and  even  replacing  crystals  of 
titanic  iron,  and  named  Leucoxene  by  Gilmbel.^ 
Manganese  Oxides  are  frequently  associated  with  those  of  iron 

I  BuU.  8oe,  GM,  France,  3rd  ser.  tL  p.  164. 

'  Die  paUoUtiMche  ErupHvgeHeine  dee  FidUdgebirgee,  1S74,  p.  29.  See  RosenbuBch, 
Mik,  Pkgkog.  iL  p.  836.  De  la  YaU^  Pousrin  and  Renard,  Mem.  CourontUee  Acad.  Roy, 
de  Belgi^nej  1876,  xL  Planohe,  vi.  pp.  84  and  85.    Fouqu^  et  Michel-Le'vy,  op.  cit  p.  426. 
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in  ordinary  rock-forming  minerals,  but  in  snob  minute  proportions  as 
to  have  been  generally  neglected  in  analyses.  Their  presence  in  the 
rocks  of  a  district  is  sometimes  shown  by  deposits  of  the  hydrous 
oxide  in  the  forms  of  psilomelane  and  wad.  These  deposits  some- 
times take  place  as  black  or  dark  brown  branching,  plant-like  or 
dendritic  impressions  between  the  divisional  planes  of  cJose-grained 
rocks  (limestone,  felsite,  &c.)  sometimes  as  accumulations  of  a  black 
or  brown  earthy  substance  in  hollows  of  rocks,  and  occasionally  as 
deposits  in  marshy  places,  like  those  of  bo^  iron  ore* 

Silicates. — ^These  embrace  by  far  me  ^A^^st  and  most  im- 
portant series  of  rock-forming  minerals.  Tneir  chief  groups 
are  the  anhydrous  aluminous  and  magnesian  silicates  embracing 
the  Felspars,  Hornblendes,  Augites,  OGyiDes,  Micas,  &c.,  and  the 
hydrous  silicates  which  include  the  ZeoliteSi  Clays,  talc,  chlorite, 
serpentine,  &c. 

The  feimily  of  the  Felspars  forms  one  of  the  most  important  of  all 
the  constituents  of  rocks,  seeing  that  its  members  constitute  by  much 
the  largest  portion  of  the  plutonic  and  volcanic  rocks ;  are  abun- 
dantly present  among  many  crystalline  schists,  and  by  their  decaj 
have  supplied  a  great  part  of  the  clay  out  of  wluch  argillaceous  sedi- 
mentary formations  have  been  constructed. 

The  felspars  are  usually  divided  into  two  series.  1st,  The  ortiio- 
clastic  or  monodinio  felspars,  consisting  of  two  snecies  or  varieties, 
Orthoclase  and  Sanidine;  and  2nd,  The  pla^oclastic  or  triclinio 
felspars,  among  which,  as  constituents  of  rocEs,  may  be  mentioned 
the  species  an)ite,  anorthite,  oligoclase,  andesine,  fabradorite,  and 
microcline. 

Orthoclase,  monodinic,  commonly  in  twins  of  the  Carlsbad 
form,  the  suture  of  which  can  often  be  seen  with  the  naked  eye  on 
the  abundant  and  perfect  cleavage  planes ;  occurs  in  well  developed 
crystals  in  many  porphyritic  rocks,  also  in  the  drusy  cavities  of 
granites;  but  more  frequently,  as  a  constituent  of  rocks,  pre- 
sents incomplete  crystals,  and  even  more  or  less  rounded  or  irregular 
crystalline  forms.  Colourless,  but  more  usually  white,  grey,  or 
pink,  the  sanidine  being  clear  and  glassy,  the  orthoclase  somewhat 
turbid.  Normal  composition.  Silica  64*6,  alumina  18*5,  potash  16*9, 
but  with  small  and  variable  proportions  of  lime,  iron,  magnesia  and 
soda ;  scarcel  v  affected  by  acids.  Under  the  microscope  reco|;nizabl6 
from  quartz  By  its  characteristic  cleavage,  twinning,  turbidity,  and 
frequent  alteration.^  A  peculiar  lattice-like  network  of  interlacing 
lines,  or  a  fine  parallel  striping,  may  be  observed  on  a  fre^ 
cleavage  face  of  some  varieties  of  orthoclase,  such  as  that  of  the 
well  known  red  granite  of  Upper  Egypt.  This  must  not  be  con- 
founded with  the  characteristic  lameUation  of  the  triclim'c  felspars. 
It  appears  to  arise  in  many  cases,  if  not  idways,  from  the  crystalliza- 
tion together  of  parallel  or  intersecting  laminaB  of  some  other  felspar 
(albite  for  example)  with  the  orthoclase. 
^  On  microicopio  determination  of  feUpars,  see  Fonqa^  et  Micbel-L^yy  op.  ctL  pp.  209, 227. 
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Orthodase  occurs  abundantly  as  an  original  constituent  of  many 
crystalline  rocks  (granite^  syenite,  felsite,  gneiss,  &c.),  likewise  in 
caTities  and  veinings  in  which  it  has  segregated  from  the  surrounding 
mass  (pegmatite).  It  is  seldom  found  in  unaltered  sedimentary 
rocks  except  in  fragments  derived  from  older  crystalline  masses. 
It  is  generally  associated  with  (quartz,  and  often  with  hornblende, 
while  the  felspars  less  rich  in  sdica  more  rarely  accompany  free 
quartz.  Orthoclase  is  both  an  original  constituent  of  plutonic 
and  old  volcanic  rocks  (granite,  felsite,  &c.),  and  a  result  of 
the  metamorphism  of  sedimentary  materials  into  foliated  masses 
of  gneiss  and  various  schists.  A  few  examples  have  been  noticed 
where  orthoclase  has  replaced  other  minerals  (prehnite,  analcime, 
lamnontite). 

Orthoclase  weathers  on  the  whole  with  comparative  rapidity, 
though  durable  varieties  are  known.  The  alkali  and  some  of  Hie 
silica  are  removed,  and  the  mineral  passes  into  clay  or  kaolin  (p.  81). 

Sanidine.  Under  this  name  is  comprised  the  clear  glassy 
fisBiu^  varietv  of  orthoclase  which  forms  so  conspicuous  an 
ingredient  in  the  more  silicated  Tertiary  and  modern  lavas.  It  has 
the  same  composition  as  orthoclase,  but  often  with  a  rather  higher 
percentage  of  soda.  It  occurs  in  some  trachytes  in  large  flat  tables 
(hence  the  name  ^  sanidine  ") ;  more  commonly  in  fine  clear  or  grey 
crystals  or  crystalline  granules,  and  sometimes  in  a  vitreous  con- 
dition (obsidian).  It  is  an  eminently  volcanic  mineral.  In  many 
laras  its  large  crystals  are  generally  broken,  indicative  of  their 
having  alr^My  crystaUized  out  before  the  lava  ceased  to  flow; 
they  may  frequently  be  found  full  of  enclosures  or  microliths  of 
other  minerals. 

Flagioelase,  or  Triclinio  Felspars. — ^While  the  different  felspars 
which  crystallize  in  the  triclinic  system  may  be  more  or  less  easily 
distinguished  in  larg;e  crystals  or  crystallme  aggregates,  they  are 
difficcut  to  separate  in  the  minute  forms  in  which  they  commonly 
occur  as  rock  constituents.  They  have  been  grouped  by  petro* 
graphers  under  the  general  name  Plagioclase  (with  oblique  cleavage) 
proposed  by  Tschermak,  who  regards  them  as  mixtures  in  various 
proportions  of  two  fundamental  compounds — ^albite  or  soda-felspar^ 
•nd^anorthite  or  lime-felspar. 

They  occur  mostly  in  well  developed  crystals,  partly  in  irregular 
crystallme  grains,  and  sometimes  as  a  crystalline  paste  or  base  in 
which  the  other  crystals  of  the  rock  are  imbedded.  On  a  fresh 
fracture  their  crystals  appear  as  clear  glassy  strips,  on  which  may 
uaall^  be  detected  a  fine  parallel  lineation  or  ruling,  indicating  a  cha- 
racteristic polysynthetic  twinning  which  never  appears  in  orthoclase. 
A  felspar  striated  in  this  manner  can  thus  be  at  once  pronounced  to 
be  a  triclinic  form,  though  the  distinction  is  not  invariably  present. 
Under  the  microscope  the  fine  parallel  lamellation  seen  with 
polarized  light  forms  one  of  the  most  distinctive  features  of  this 
group  of  felspars. 
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The  following  table  shows  the  average  composition  of  the  chief 
triclinic  felspars. 
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Toclcs  of  Canada.  &c 
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and         metamorphk 
rocks. 

The  triclinic  felspars  have  been  produced  sometimes  directly 
from  igneous  fusion.  This  can  be  studied  in  many  lavas,  where  one 
of  the  first  minerals  to  appear  in  the  devitrification  of  the  original 
molten  glass  is  the  labradorite  or  other  plagioclase.  In  other  cases 
these  minerals  have  resulted  from  the  operation  of  the  processes  to 
which  the  formation  of  the  crystalline  schists  was  due;  large  beds 
fts  well  as  abundant  difiused  strings,  veinings,  and  crystals  of  triclinic 
felspar  (labradorite)  form  a  marked  feature  among  the  ancient 
gneisses  of  Eastern  Canada.  The  more  highly  silicated  species 
(albite,  oligoclase)  occur  with  orthoclase  as  essential  constituents 
of  many  granites  and  other  plutonic  rocks.  The  more  basic  forms 
(labradorite,  anorthite)  are  generally  absent  where  free  silica  is 
present ;  but  occur  in  the  more  basic  igneous  rocks  (basalts,  &c.). 

Considerable  diflferences  are  presented  by  the  triclinic  felspars  in 
regard  to  weathering.  On  an  exposed  face  of  rock  they  lose  Uieir 
glassy  lustre  and  become  white  and  opa<jue.  This  change,  as  in 
orthoclase,  arises  from  loss  of  bases  and  silica  and  from  hydration. 
Traces  of  carbonates  may  often  be  observed  in  weathered  crystals. 
The  original  steam  cavities  of  old  volcanic  rocks  have  generally  been 
filled  with  infiltrated  minerals,  which  in  many  cases  have  resulted 
from  the  weathering  and  decomposition  of  the  triclinic  felspars. 
Calcite,  prehnite,  and  the  family  of  zeolites  have  been  abundantly  pro- 
duced in  this  way.  The  student  will  usually  observe  that  where  these 
minerals  abound  in  the  cells  and  crevices  of  a  rock,  the  rock  itself  is 
for  the  most  part  proportionately  decomposed,  showing  the  relation 
that  subsists  between  these  infiltration  products  and  the  decomposi- 
tion of  the  surrounding  mass.    Abundance  of  calcite  in  veins  and 
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cayities  of  a  felspathic  rock  affords  good  ground  for  suspecting  the 
presence  in  the  latter  of  a  lime-felspar.^ 

Saossnrite,  a  compact,  finely  granular,  not  definitely  crystallized, 
greyish  to  greenish-white,  faintly  translucent  to  opaque  mineral, 
haying  an  average  composition  of  silica  43 — 49,  alumina  25 — 32  per 
cent,  with  yariable  proportions  of  lime  and  soda.  H.  6 — 7.  Gr.  3*22 — 
3*43.  It  forms  with  diallage  some  varieties  of  gabbro,  and  is  abun- 
dantly associated  with  labradorite,  or  with  hornblende  in  others. 
Under  the  microscope  it  presents  a  confused  abrogate  of  crystalline 
needles  and  granules  imbedded  in  an  amorphous  glass-like  matrix. 

The  Mica  Family  embraces  a  number  of  minerals  now  referred 
to  the  monoclinic  system,  distinguished  especially  by  their  very 
perfect  basal  cleavage,  whereby  they  can  be  split  into  remarkably 
thin  elastic  laminae,  and  by  a  predominant  splendent  pearly  lustre. 
They  consist  essentially  of  silicates  of  alumina  and  potash  or 
magnesia,  usually  with  some  oxide  of  iron,  but  little  or  no  lime,  and 
are  in  some  varieties  distinctly  hydrous. 

Moscovite  (Potash-mica,  Glimmer)  in  silvery  white  (also  greenish 
and  brownish)  tables  or  irregular  scales,  capable  of  being  split  into 
thin  transparent  laminae  with  a  pearly  lustre.  H.  2 — 3.  Gr.  2*8 — 
31.  The  proportion  of  silica  ranges  between  45  and  50  per  cent., 
alnmina  from  26  to  36,  potash  from  6  to  10,  soda  from  0  to  1*5, 
water  from  1  to  4*7.  There  is  usually  also  a  small  percentage  of 
flaorine.  Abundant  as  an  original  constituent  of  many  crystalline 
rocks  fgranite,  &c.),  and  as  one  of  the  characteristic  minerals  of  the 
crystalline  schists;  also  in  many  sandstones  where  its  small 
.parallel  flakes,  derived  like  the  surrounding  quartz  grains  from 
older  crystalline  masses,  impart  a  silvery  or  "micaceous"  lustre 
and  fissility  to  the  stone.  Under  the  microscope  thin  plates  of 
mnscoTite  give  bright  chromatic  polarization  Avhen  cut  parallel  to 
the  basal  cleavage.  But  as  the  sections  of  the  mineral  displayed 
in  a  thin  slice  of  any  rock  rarely  coincide  with  the  cleavage,  but 
traverse  it  at  various  angles,  they  appear  usually  as  narrow  bands 
with  fine  parallel  lines  which  mark  the  planes  of  cleavage.^ 

The  persistence  of  muscovite  under  exposure  to  weather  is  shown 
by  the  wlvery  plates  of  the  mineral,  which  may  be  detected  on  a 
crumbling  surface  of  granite  or  schist  where  most  of  the  other 
minerals,  save  the  quartz,  have  decayed ;  also  by  the  frequency  of 
the  micaceous  lamination  of  sandstones. 

Lepidolite  (Lithia-mica),  usually  in  scaly  aggregates  of  a  delicate 
Tiolet  colour;  generally  resembles  muscovite,  containing  49 — 52  per 
cent  of  silica,  26*7 — ^28-5  of  alumina,  about  10  of  potash,  1—6  of  lithia, 
and  2 — 8  of  fluorine.  Occurs  in  some  granites  and  crystalline  schists, 
especially  in  veins. 

*  A  Taluable  eatej  on  the  stairesof  the  weathering  of  tridinic  felspar  as  revealed  by 
the  mkroacope  was  published  by  O.  Roee  in  1867.    ZeiUeh.  Deutsch.  GeoL  Oei,  xix.  p.  276. 

'  On  the  microfoopic  determination  of  the  micas,  see  Fonqn^  et  Miohel-L^f y,  op.  cit, 
p.  833. 
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Damourite  is  merely  a  yariety  of  muscovite  with  about  5  Der 
cent  of  water.  It  occurs  among  crystalline  schists,  and  is  r^arded 
by  Genth  as  one  of  the  products  of  the  alteration  of  corundum. 

Sericitey  a  talc-like  variety  of  muscovite  occurring  in  soft  inelastic 
scales  in  some  schists. 

Margarodite,  a  silvery^  talc-like  hydrous  mica,  which  appears  to 
have  resulted  from  the  hydration  of  muscovite,  and  to  be  widely 
diffused  as  a  constituent  of  granite  and  other  crystalline  rocks. 

Paragonite,  a  scaly  micaceous  mineral  forming  the  main  mass  of 
certain  alpine  schists ;  it  is  a  hydrous  soda  mica  (containing  6 — 8*45 
per  cent,  of  soda). 

Biotite  (Magnesia  mica)  occurs  in  six-sided  plates  or  irregu- 
larly defined  scales,  usually  dark  coloured  (green,  grey,  brown  to 
black)  with  pearly  lustre  on  the  basal  cleavage  planes.  H.  2*5 — 3. 
Gr.  2*74 — 3'13.  Composition  variable,  but  marked  by  the  occurrence 
of  10  to  SO  per  cent,  of  magnesia.  Occurs  abundantly  as  an 
original  constituent  of  many  granites,  gneisses,  and  schists ;  also 
sometimes  in  basalt,  trachyte,  and  as  ejected  fragments  and  crystals 
in  tuff.  Its  small  scales,  when  cut  transverse  to  the  dominant 
cleavage,  may  usually  be  detected  under  the  microscope  by  their 
remarkably  strong  dichroism,  their  fine  parallel  lines  of  cleavagOy 
and  their  I'requenUy  firayed  apjpearance  at  the  ends. 

Biotite  under  the  action  of^the  weather  assumes  a  pale,  dull,  soft 
crust,  owing  to  removal  of  its  bases.  The  mineral  rtibeilan^  which  oc- 
curs in  hexagonal  brown  or  red  opaoue  inelastic  tables  in  some  basalts 
and  other  igneous  rocks,  is  re6;arded  as  an  altered  form  of  biotite. 

Hornblende  (AmphiboleT.  Monoclinic,  in  short  stout  or  long 
slender  prisms;  also  in  bladed  forms  and  needles,  generally  of  a  dark 

Seen  or  black  colour  (sometimes  white).  H.  5—6.  Gr.  2*9 — 3*3. 
ivided  into  two  groups.  1st.  Non-aluminous,  consisting  mainly  of 
meta-silicates  of  magnesium  and  calcium,  with  55  to  59  per  cent,  of 
silica,  21  to  27  ma^esia,  11  to  15  lime,  and  minor  proportions  of 
the  protoxides  of  iron  and  manganese.  These  include  the  white 
and  pale  green  or  grey  fibrous  varieties  (tremolite,  actinolite, 
anthophyllite,  &c.).  2nd.  Aluminous,  contaming  silica  39 — 49, 
mamesia  10 — 20,  alumina  8 — 15,  lime  10 — 15,  ferrous  and  ferric 
oxides  sometimes  up  to  more  than  20  per  cent.  These  embrace 
the  more  abundant  dark  green,  brown,  or  black  varieties.  Under 
the  miicroscope  hornblende  presents  cleavage  angles  of  124°  SC, 
the  definite  cleavage  planes  intersecting  each  other  in  a  well- 
marked  lattice  wo%,  sometimes  with  a  finely  fibrous  character 
superadded.  It  also  shows  a  marked  pleochroism  with  polarized 
light,  which,  as  Tschermak  first  pointed  out^  usually  distmguishes 
it  from  augite.^ 

The  pale  non-aluminous  hornblendes  are  found  among  gneisses, 
crystalline  limestones,  and  other  metamorphic  rocks.      The  dark 
varieties,  though  also  found  in  similar  situations,  sometimes  even 
*  Aoad.  Wien,  May  1S69.    See  also  Fouqu^  et  Michel-L^vy,  op,  ciL  pp.  349, 865. 
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fonning  entire  masses  of  rock  (homblende-rock,  hornblende-schist), 
are  the  common  forms  in  granitic  and  volcanic  rocks  (granite,  syenite, 
diorite,  andesite,  &c.)  The  former  group  naturally  gives  rise  by 
weathering  to  various  hydrous  magnesian  silicates,  notably  to 
serpentine  and  talc.  In  the  weathering  of  the  aluminous  varieties, 
sQica,  lime,  magnesia*and  a  portion  of  the  alkalies  are  removed  with 
ooQversion  of  part  of  the  earths  and  the  iron  into  carbonates.  The 
farther  oxidation  of  the  ferrous  carbonate  is  shown  by  the  yellow  and 
brown  cmst  so  commonly  to  be  seen  on  the  surface  or  penetrating 
cracks  in  the  hornblende.  The  change  proceeds  until  a  mere 
internal  kernel  of  unaltered  mineral  remains,  or  until  the  whole  has 
been  converted  into  a  ferruginous  clay. 

Angite  (Pyroxene).  Monoclinic,  chiefly  in  short  stout  prisms ;  also 
granular,  more  rarely  lamellar  or  fibrous ;  ranging  from  white  through 
shades  of  green  to  black.  H.  5—6.  Gr.  2-88— 3'5.  Divided  like  horn- 
blende into  two  groups.  1st.  Non-aluminous,  CaMg  2Si08,  con- 
sisting of  meta-silicates  of  magnesium  and  calcium  (silica  49  to  56 


FiQ.  5.— SEonow  OP  an  Auom  Getbtal  fbom  a     Babalt-dtee,   Grawtobdjohn, 
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per  cent),  usually  with  a  little  protosilicate  of  iron  (very  commonly 
also  of  manganese),  which  gives  the  prevalent  green  colour  to  the 
group  (malaoolite,  sahlite,  &c.).  2nd.  Aluminous  (silica  47  to  55  per 
cent,  alumina  4  to  9  per  cent.,  with  a  small  variable  proportion  of 
ferrous  oxide),  including  generally  the  dark  green  or  bmck  varieties 
(common  augite,  fassaite).  It  would  appear  that  the  substance  of 
hornblende  and  augite  is  dimorphous,  for  the  experiments  of 
Berthier,  Mitscherlich  and  G.  Eose  showed  that  hornblende,  when 
melted  and  allowed  to  cool,  assumed  the  crystalline  form  of  augite. 
Whence  it  has  been  inferred  that  hornblende  is  the  result  of  very 
slow,  and  augite  of  comparatively  rapid  cooling. 

Under  the  microscope  augite  in  thin  slices  is  only  very  feebly  pleo- 
chroic,  and  presents  cleavage  lines  intersecting  at  an  angle  of  87°  5'. 
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It  18  often  remarkable  for  the  amoimt  of  extianeons  materials 
enclosed  within  its  crystals.  Like  some  felsparp,  augite  may  be 
found  in  basalt  with  merely  an  outer  casing  of  its  own  snbstance, 
the  core  being  composed  of  mi^etite,  of  the  groond-mass  of  the 
surrounding  rock,  or  of  some  other  mineral  (Fig.  5). 

The  duSribation  of  augite  resembles  that  of  hornblende ;  the  pole, 
non-aluminous  varieties  are  more  specially  found  among  gneuses, 
marbles,  and  other  crystalline,  foliated,  or  metamorphic  ro^ ;  the 
dark  green  or  black  varieties  enter  as  essential  constituents  into 
many  igneous  rocks  of  all  ages,  from  palaBozoic  up  to  recent  times 
(diabase,  basalt,  andesite,  &c.) 

Its  weathering  also  agrees  with  that  of  hornblende.  The  aluminous 
varieties  containing  usually  some  lime  give  rise  to  calcareous  and 
ferruginous  carbonates,  from  which  the  mie  interstices  and  cavities  d 
the  surrounding  rock  are  eventually  filled  with  threads  and  kernels 
of  calcite  and  strings  of  hydrous  ferric  oxide.  In  basalt  and  dolerite, 
for  example,  the  weathered  surface  acquires  often  a  rich  yellow 
colour  from  the  oxidation  and  hydration  of  the  ferrous  oxide. 

Diallage.  Monoclinic,  but  usually  with  undefined  contours, 
distinguished  by  a  verv  perfect  cleavage  in  the  direction  of  the 
orthopinakoid,  feeble  pleochroism,  a  finely  fibrous  structure,  and  a 

pearly  to  metalloidal  lustre  on  cleavage  faces.   H.  4.  Gr.  3*23 3-34. 

Essentially  similar  in  chemical  composition  to  augite,  of  which  it 

may  be  only  a  variety,  containing  silica  60 — 53,  magnesia  15 17, 

alumina  1—4,  lime  15 — 22,  ferrous  oxide  (and  usually  also  man- 
ganous  oxide)  5 — 13  per  cent.     A  constituent  of  gabbro. 

Enstatite.  Orthorhombic,  with  cleavage  parallel  to  faces  of  prism ; 
colourless,  light  grey,  yellowish,  greenish,  or  brown,  with  pearly  lustre 
on  the  cleaved  surfaces.  H.  5*5.  Gr.  3*10 — 3*29.  Under  the  micro- 
scope it  presents  irregularly  defined  forms  with  usually  a  finely 
fibrous  structure ;  pleochroism  feeble  or  absent  A  meta-silicate  of 
m^esium  (with  sJica  60,  magnesia  40  per  cent,  but  commonly  with 
a  little  ferrous  oxide  and  alumina).  Occurs  in  Iherzolite,  serpentine, 
and  other  olivine  rocks.    Bastite  is  probably  a  hydrated  enstatite. 

Bronzite.  Orthorhombic,  with  very  perfect  brachydiagonal 
cleavage;  brown,  green,  and  yellow  with  a  characteristic  pearly 
metalloidal  lustre  and  a  finely  fibrous  surface  on  cleavage  planes. 
H.  4—5.  Gr.  3—3-5.  Under  the  microscope  shows  weak  pleochroism. 
Like  enstatite,  is  found  to  occur  as  a  constituent  of  rocks  only  in 
irregularly  defined  crystalline  grains,  and  not  in  definite  crystals ;  both 
minerals  usually  present  the  finely  fibrous  texture  above  referred  to, 
the  structure  being  on  the  whole  straighter  in  enstatite  and  more 
undulating  in  bronzite. — ^An  isomorphous  mixture  of  silicates  of  mag- 
nesium and  of  iron,  with  silica  55—57  per  cent,  magnesia  25—36, 
protoxide  of  iron  7  to  10,  and  frequently  a  little  alumina  and 
manganese.  It  occurs  under  similar  conditions  to  enstatite  and  is 
found  also  in  some  basalts  and  even  in  meteorites.  Bronzite  and 
enstatite  weather  into  dull  green  serpentinous  products. 
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Hypersthene,  a  massive  and  granular  mineral^  isomorphous  with 
enstatite,  having  a  perfect  brachydiagonal  cleavage,  black  to  dark 
green  or  brown  colour,  and  metalioidid  coppery  lustre  on  the  leading 
cleavage  plane?.  H.  6.  Gr.  3*3 — 3*4.  Chemically  like  bronzite,  but 
with  rather  less  magnesia  (11 — 26  per  cent.)  and  more  iron  (10  to 
34  per  cent).  Under  the  microscope  distinctly  pleochroic,  with 
crowded  lamellsB  of  dark  microliths,  partly  of  magnetite.  Occurs  in 
hypersthenite  and  associated  with  other  magnesian  minerals  among 
the  crystalline  schists. 

Omphacite^  a  gran  alar  variety  of  pyroxene,  CTass  green  in 
coloar,  and  commonly  associated  with  red  garnet  in  the  rock  known 
as  eclogite. 

Smaragdite,  a  grass  green  lamellar  aggregate  of  pyroxene  and 
hornblende,  or  sometimes  rather  of  hornblende  only.  Occurs  in  gabbro 
and  eclogite,  always  in  crystalline  indefinite  pieces,  never  in  re^arly 
formed  crystals. 

Uralite,  a  mineral  having  the  crystalline  form  of  augite  (pyroxene) 
and  the  internal  cleavage  and  structure  of  hornblende  (amphibole). 
It  is  r^arded  as  a  product  of  the  gradual  alteration  of  augite  into 
hornblende.  A  marked  finely  fibrous  texture  and  silky  lustre  dis- 
tinguishes the  cleavage  planes.  Under  the  microscope  a  still  un- 
cluuiged  kernel  of  augite  mav  in  some  specimens  be  ooserved  in  the 
centre  of  a  crystal  surrounded  by  strongly  pleochroic  hornblende, 
with  its  characteristic  cleavage. 

Olivine  (Peridot).  Orthorhombic,  in  dispersed  crystals  or  granules 
of  a  pale  yellowish,  olive-green,  or  bottle-glass  green  tint,  transparent 
when  fresh,  but  apt  to  become  dull,  dark,  and  opaque  by  weathering. 


A  B  C 

Pgi.   6. — ^AGEB    IN    THE  ALTERATION,  OF    OUVIML      A,    THE    KEARLT    FRESH    CRYSTAL  ; 

B,  THE  Al/IKBAITON  HALF  OOMFLETBD ;    C,  THE  CbTETAL  WHOLLY  SEBFEiminZED. 

H.  6*5 — 7.  Gr.  3'2-^3'5.  Composed  of  an  isomorphous  mixture  of 
the  normal  magnesium  silicate,  Mg,  Si  O4,  with  the  ferrous  silicate, 
Fe,  Si  O4  =  silica  40*98,  magnesia  49*18 ;  protoxide  of  iron  9-84 
Uuder  the  microscope  with  polarized  light,  olivine  ^ives,  when 
fresh,  bright  colours,  specially  red  and  green,  but  is  not  per- 
ceptibly pleochroic.  Its  orthorhombic  outlines  can  sometimes  be 
readily  observed,  but  it  often  occurs  in  irregularly  shaped  granules  or 


Digitized  by 


Google 


78  GEOGNOSY.  [Book  U. 

in  broken  crystals.  It  is  liable  to  be  traversed  by  fine  fissures,  which 
are  particularly  developed  transverse  to  the  vertical  axis.  It  is  more 
liable  to  alteration  than  almost  any  other  mineral  constituentof  rocks. 
The  change  begihs  on  the  outer  surface  and  extends  inwards  and 
specially  along  the  fissures,  until  the  whole  is  converted  either  into  a 
green  granular  or  fibrous  substance,  which  is  probably  in  most  cases 
serpentine  (Fig.  6),  or  into  a  reddish  yellow  amorphous  mass 
(limonite). 

Olivine  forms  an  essential  ingredient  of  basalt,  likewise  the 
main  part  of  various^  so-called  olivine-rocks  or  Peridotites  (as 
Iherzohte  and  pikrite),  and  occurs  in  many  gabbros. 

Leucite.  Tetragonal,  in  isolated  icositetrahedrons  of  a  greyish- 
white  colour,  semi-transparent.  H.  5*5.  Gr.  2*45 — 2*50 ;  infuidble 
and  unchanged  before  the  blowpipe.  Composition — silica  54*97,  alu- 
mina 23*50,  potash  21*53.  Under  the  microscope  sections  of  this 
mineral  are  usually  eight-sided,  and  very  commonly  contain 
enclosures  of  magnetite,  &c.,  conforming  in  arrangement  to  the  ex- 
ternal form  of  the  crystal.  Leucite  is  a  markedly  volcanic  mineral, 
occurring  as  an  abundant  constituent  of  many  ancient  and  modem 
Italian  lavas,  and  in  some  varieties  of  basalt 

Nepheline.    Hexagonal,  in  small  prisms  or  in  crystalline  and 

riular  aggregates,  usually  dear  and  colourless  with  vitreous  lustre. 
5*5—6.  Gr.  2*58—2*64.  Oonaposition- silica  41*24,  alumina 
35*26,  soda  17*04,  potash  6*46.  rresents  under  the  microscope 
various  six-sided  and  even  fournsided  forms,  according  to  the  angles 
at  which  the  prisms  are  cut^  Essentially  a  volcanic  mineral,  bein^ 
an  abundant  constituent  of  phonolite,  of  some  Yesuvian  lavas,  ana 
of  some  forms  of  basalt. 

Under  the  name  of  Elseolite  are  comprised  the  greenish  or  reddish, 
dull,  greasy-lustred  compact  or  massive  varieties  of  nepheline  which 
occur  in  some  syenites  and  other  ancient  crystalline  rocks. 

Hau3nie.  Isometric,  but  usuallv  in  solitary  crystalline  grains  of 
a  sky-blue  to  bluish-green  colour ;  this  tint,  probably  due,  as  in  lapis- 
lazuli,  to  a  mixture  of  sidphur  and  sodium,  is  discharged  by  heating. 
H.  5—5-5.  Gr.  2*4—2*5.  Composition— silica 3406, alumina 27*64, 
soda  11*79,  potash  4*96,  lime  10*60,  sulphuric  acid  11*25.  Occurs 
abundantly  in  Italian  lavas,  in  basalt  of  the  Eifel  and  elsewhere. 

NoseaiL    Isometric,  in  solitary  rhombic  dodecahedrons,  grey, 

g-eenish-blue  to  black,  often  with  a  dull  opaque  border.  H.  5*5. 
r.  2*28—2*40.  Composition— silica  36*13,  alumina  30*95,  soda 
24*89,  sulphuric  acid  8*03,  with  a  little  chlorine,  supposed  to  be 
due  to  a  slight  intermixture  of  the  mineral  sodalite.  Under  tbe 
microscope,  one  of  the  most  readily  recognized  minemls,  showing  » 
hexagonal  or  quadrangular  figure  with  a  characteristic  broad  daA 
border  corresponding  to  the  external  contour  of  the  crystal,  and 
where   weathering  has  not  proceeded  too  far,  enclosing  a  clear 

'  On  microecopio  distinction  between  nepheline  and  apatite,  see  Fonqn^  6i  Miohel- 
Ii^?y,  op.  eit,  p.  27e. 
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colourless  centre.     Occnrs  in  minnte  forms  in  most  phonolites,  also 
inlATge  crystals  in  some  sanidine  volcanic  rocks. 

Both  hanyne  and  nosean  are  volcanic  minerals  associated  with 
the  kvas  of  m<H^  recent  geological  periods. 

Epidote.  MonocliniCy  in  elongated  nrisms,  also  granular,  fibrous, 
and  massive,  usnally  of  a  peculiar  and  characteristic  yellowish-green 
colour.  H.  6—7.  Gr.  3-32— 3-50.  Composition— silica  36—40, 
alnmina  18 — 29,  ferric  oxide  7 — 17,  lime  21 — ^26.  Under  the 
microscope,  appears  as  a  constituent  of  rocks  in  yellow  needles  and 
threads,  often  divergent ;  with  distinct  pleochroism  and  remarkably 
Mght  limpid  vellow  and  orange  polarization  tints.  Occurs  in  many 
cr^talline,  chiefly  hornblende-bearing,  rocks,  probably  as  a  result  of 
the  alteration  of  the  hornblende ;  largely  distributed  in  certain  schists 
and  quartzites,  sometimes  associated  with  beds  of  magnetite  and 
hasmatite. 

Vesavianite  (Idocrase).  Tetra^nal,  in  short  often  vertically 
striated  prisms  or  compact  aggregations,  occurring  in  druses  rather 
than  in  the  body  of  a  rock ;  yellowish,  greenish  to  black.  H.  6*5. 
Gr.  3-34— 3-44.  Composition— Silica  37—89,  alumina  13— 16,  ferric 
oxide  4 — 9,  lime  33 — 37,  alkalies  less  than  1  ner  cent.,  frequently 
^tth  a  little  magnesia,  ferrous  oxide,  and  2 — 3  per  cent  of  water. 
Occurs  in  ejected  blocks  of  altered  limestone  at  Somma,  also  among 
crystalline  limestones  and  schists. 

AndaloBite.  Orthorhombic,  often  in  large  long  prisms  as  well 
•s  in  compact  massive  aggregates ;  white,  grey,  brown,  red.  H.  7'5. 
6r. 3-05— 3-35.  Composition— silica  3690,  alumina  6310.  Found 
in  crystalline  schists.  The  variety  Chiastolite,  which  occurs  abun- 
dantly scattered  through  some  darK  clay-slates,  is  distinguished  by 
the  regular  manner  in  which  the  dark  substance  of  the  surrounding 
matrix  has  been  enclosed  within  the  mades,  givine  a  cross-like 
transverse  section.  These  crystals  have  been  developed  in  the  rock 
after  its  formation,  and  are  regarded  as  proo&  of  metamorphism. 
(Book  IV.  Part  Vin.) 

Diehroite  (Cordierite,  lolite).  Orthorhombic,  usually  in  indistinct 
short  prisms  and  crystalUne  grains,  bluish  in  colour,  with  greasy  to 
vitreous  lustre  and  fracture  like  that  of  ouartz.  H.  7 — ^7*5.  Gr.  2'56 
— 2*67.  Composition — silica  49 — 50,  alumina  32 — 39,  ferric  oxide 
5—9,  magnesia  10 — 12,  usually  with  a  little  man^anous  oxide, 
lime  and  water.  Occurs  in  gneiss,  sometimes  in  large  amount 
(cordierite-gneiss),  occasionally  as  an  accessory  ingredient  in  some 
granites ;  sSso  in  talc-schist.  Apt  to  be  confounded  with  quartz,  but 
usually  gives  marked  dichroism  with  one  Nicol  prism,  and  pale  grey- 
Uue  tints  with  the  two  prisms.  Undergoes  numerous  alterations, 
having  been  found  changed  into  pinite,  chlorophyllite,  mica,  &c. 

Oamet.  Isometric,  usually  in  rhombic  dodecahedrons  and  ioosi- 
tetndiedrons,  also  panular  ana  massive ;  mostly  some  shade  of  red, 
but  also  green,  yelfow,  brown,  and  black  ;  vitreous  to  greasy  lustre, 
pellucid  to  nearly  opaque.    Composition  various,  but  essentially  a 
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monosilicate  of  peroxide  and  protoxide  bases,  these  being  chiefly 
alumina,  iron,  chromium  and  manganese;  the  proportion  of  silica 
ranging  between  36  and  41  per  cent  Under  the  microscope,  garnet 
as  a  constituent  of  rocks  presents  three-sided,  four-sided,  six-sided, 
eight-sided  (or  even  rounded)  figures,  according  to  the  angle  at  which 
the  individual  crystals  are  cut ;  usually  clear,  but  full  of  flaws  and 
often  of  cavities ;  passive  in  polarized  light.  The  common  red  and 
brown  varieties  occur  as  essential  constituents  of  eclogite,  garnet 
rock ;  and  as  abundant  accessories  in  mica-schist,  gneiss,  granite,  &c 
Tonrmaline  (Schorl).  Ehombohedral,  frequently  in  prisms  and 
needles,  also  massive,  compact,  and  columnar;  generally  black,  with 
vitreous  lustre.  H.  7 — 7-5.  Gr.  2-94r— 3-3.  Composition  remarkably 
complex  and  varied,  including  silica  (36 — 40  per  cent),  alumina 
(29—40),  magnesia  (0*5 — 12),  boric  add  (3 — 9),  with  smsdler  propor- 
tions of  phospnoric  acid,  ferrous  oxide,  manganous  oxide,  lime,  potash, 
soda,  lithia,  fluorine  and  water ;  pleochroism  strongly  marked.    With 

Siartz  forms  tourmaline-rock  associated  with  some  ^nites ;  occurs 
so  diffused  through  many  granites,  gneisses,  schists,  crystalline 
limestones,  and  dolomites. 

Zircon.  Tetragonal,  in  prisms,  pyramids,  or  rounded  crystalline 
grains ;  colourless  to  red,  yellow,  or  brown ;  transparent  to  opaque ; 
vitreous  lustre.  H.7'5.  Gr.  4*4 — 4*7.  Composition — one  molecule  of 
silica  and  one  of  zirconia  (=Si  Oj  33*2,  Zr  O2  66*8)  with  a  little 
oxide  of  iron  as  colouring  matter.  In  polarized  li^ht  gives  bright 
colours  between  crossed  Nicols.  Occurs  as  a  chief  mgredient  in  the 
zircon  syenite  of  Southern  Norway ;  sparingly  in  other  syenites, 
granites,  gneisses,  crystalline  limestones  and  schists,  in  eclogite,  as 
clear  red  grains  in  some  basalts,  and  also  in  ejected  volcanic  blocks. 

Titanite.  Monoclinic  in  thin  wedge-shaped  crystals  (sphene); 
yellow,  green  or  brown  to  black;  vitreous  to  adamantine  lustre. 
H.5— 5-5.  Gr.  3-4— 3-6.  Composition— silica  30-61,  titanic  acid  4082, 
lime  28*57.  Between  crossed  Nicols  gives  dark  vellowish-brown  tints. 
Dispersed  in  small  crystals  in  many  syenites,  also  in  granite,  gneiss, 
and  in  some  volcanic  rocks  (basalt,  trachyte,  phonolite). 

Zeolites.  Under  this  name  is  included  a  characteristic  family  of 
minerals,  which  have  resulted  from  the  alteration  and  particularly 
from  the  hydration  of  other  minerals,  especially  of  felspars.  They 
are  thus  secondary  products,  and  not  original  constituents  of  rocks. 
They  are  marked  by  the  following  general  characters :  usually  colour- 
less, transparent,  or  translucent,  with  a  vitreous  lustre  which  often 
becomes  pearly  on  cleavage  faces;  H.  4 — 5*5;  Gr.  1*9 — 2'5 ;  occur 
in  cavities  of  rocks,  both  as  prominent  amygdules  and  veins,  and 
in  minute  interstices  only  perceptible  by  the  microscope.  In  these 
minute  forms  they  very  commonly  present  a  finely  fibrous  divergent 
structure.  They  are  hydrous  aluminous  silicates  with  variable  propor- 
tions of  lime,  potash,  soda,  or  baryta.  A  relation  may  often  be  traced 
between  the  containing  rock  and  its  enclosed  zeolites.  Thus  among 
the  basalts  of   the  inner  Hebrides  the  dirty    green  decomposed 
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amygdaloidal  sheets  are  the  chief  repositories  of  zeolites,  while  the 
firm,  compacts  columnar  beds  are  comparatively  free  from  these 
alteration  products.* 

Kaolin,  pure  clay  or  hydrous  silicate  of  alumina  (silica  46*3, 
alumina  39*8,  water  13*9)  resulting  from  the  alteration  of  potash 
and  soda  felspars  exposed  to  atmospheric  influences,  is  white,  but 
may  be  variously  coloured  hy  impurities.  Ordinary  clay  is  similarly 
formed,  but  contains  iron,  lime,  and  other  ingredients,  among  which 
the  debris  of  the  undecomposed  constituents  of  the  original  rock 
forms  usually  a  marked  proportion. 

TalO|  usually  in  foliated,  inelastic  scales,  scaly  aggre^tes  or 
rosettes  with  very  perfect  basal  cleavage ;  white  or  greenish  with 
pearly  lustre.  H.  1—1-5.  Gr.  2-69— 2-80.  Composition— silica 
o3*5,  magnesia  31*7,  water  4*8;  not  soluble  in  acids.  Occurs  as  an 
essential  constituent  of  talc-schist,  and  as  an  alteration  product  re- 
placing mica,  hornblende,  augite,  olivine,  diallage,  and  other  minerals 
m  ciTstalline  rocks.  Under  the  microscope  appears  in  small  scales, 
whicn,  cut  transverse  to  basal  cleavage,  show  ragged  edges  and  an 
internal  fibrous  structure,  the  fibres  not  beiug  parallel  as  in  muscovite ; 
is  not  pleochroic ;  polarization  colours,  bright  yellow  and  red. 

Ohlorite  incluaes  several  varieties  or  species  occurring  in  small 

r»n  hexagonal  tables  or  scaly  vermicular  or  earthy  aggregates. 
1—1-5.  Gr.  2-78— 2-95.  domposition  variable— sih'ca  25—28, 
alomioa  19 — ^23,  ferrous  oxide  15 — ^29,  magnesia  13 — ^25,  water 
9—12.  Under  the  microscope  appears  markedly  radiated  in  thin 
plates  or  spherulites  with  internal  confused  radiating  fibrous 
structure.  An  essential  ingredient  of  chlorite-schist.  Occurs 
abundantly  as  an  alteration  product  (of  hornblende,  &c.)  in  fine 
filaments,  incrustations,  and  layers  in  many  crystalline  rocks. 

Serpentine^  not  crystallized,  or  at  least  only  fibrous,  granular, 
and  compact,  breaking  with  a  dull  conchoidal  sometimes  smooth 
splintery  fracture.  H.3 — 4.  Gr.2-5 — 3'7.  Dirty-greenish,  yellowish 
reddirii  or  brownish  colours ;  often  streaked  and  veined.  Consists  of 
a  hydrous  magnesian  silicate,  viz.,  silica  43*48,  magnesia  43*48,  water 
13*04,  with  a  little  ferrous  silicate.  Under  the  microscope  it  pre- 
sents in  very  thin  slices  a  pale  leek-green  or  bluish-green  base,  show- 
ing aggregate  polarization.  Through  this  base  runs  a  network  of  dark 
<H)aqne  threads  and  yeinings.  Sometimes  among  these  veinings,  or 
through  the  network  of  green  serpentinous  matter  in  the  base,  the 
form  of  original  olivine  crystals  may  be  traced.  There  can  be 
little  doubt  that  serpentine  is,  in  most  cases  at  least,  a  product  of 
the  alteration  of  pre-existing  minerals,  and  especially  of  olivine.  It 
occurs  in  nests,  grains,  threads,  and  veins  in  rocks  which  once  con- 
tained olivine,'  (p.  77),  also  massive  as  a  rock,  in  which  it  has  replaced 
Qlivine,  enstatite  or  some  other  magnesian  bisilicate.  This  massive 
ooudition  is  described  at  p.  151. 


I  See  Bnlliyftii  in  Jukes' ifanuaZ  of  Choiogy^  8rd  edit  p.  85. 
*  See  TKhermak,  Wien.  Akad.  Ifi  1867. 
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Delessite,  in  kernels  or  incrnstationsy  with  a  finely  fibrous  or 
delicately  scaly  internal  structure ;  olive  to  blackish-green.  H.  2— 
2-5.  Gr.  2*89.  Composition — silica  31*07,  alumina  1547,  ferric 
oxide  17-54,  ferrous  oxide  4-07,  ma^esia  19*14,  lime  0*46,  water 
11*55,  the  iron  being  sometimes  entirely  as  protoxide.  Gives  off 
water  in  matrass  and  becomes  brown ;  easily  decomposed  in  acids 
with  residue  of  silica.  Occurs  abundantly  as  a  decomposition  product 
of  augitic  rocks,  coating  or  filling  amygdaloidal  cavities  or  narrow 
filamentous  veins. 

Qlauconite.  A  soft  greenish  granular  mineral  of  variable  com- 
position, found  in  many  stratified  formations,  particularly  fiunong 
sandstones  and  limestones,  where  it  envelopes  grains  of  sand,  or  fil£ 
and  coats  foraminifera  and  other  organisms,  giving  a  general  green 
tint  to  the  rock.  Silica  47 — 68,  alumina  3^ — 10,  ferric  oxide  0 — 22, 
ferrous  oxide  3 — ^22,  magnesia  0 — 6,  lime  0 — 2*5,  potash  4*5—9, 
water  5*5 — 14*7.  It  is  at  present  being  formed  on  the  sea-floor  off 
the  coasts  of  Gleorgia  and  South  Carolina,  where  Pourtales  found  it 
filling  the  chambers  of  recent  polythalamia. 

Carbonates.  This  fiimily  of  minerals  furnishes  only  four  which 
enter  largely  into  the  formation  of  rocks,  viz..  Carbonate  of  Calcium 
in  its  two  n)rms,  Calcite  and  Aragonite,  Carbonate  of  Magnesium 
(and  Calcium)  in  Dolomite,  and  Carbonate  of  Iron  in  Siderite. 

Calcite.  Ehombohedral,  but  with  great  diversity  of  crystalline 
forms,  most  frequently  in  rhombohedra,  as  in  the  form  called  '*  nail- 
head  spar,"  in  scalenohedra,  as  in  *'  dog-tooth  spar,"  or  in  hexagonal 
prisms;  also  fibrous,  granular,  or  pulverulent;  white,  but  often  stained 
with  impurities ;  lustre  vitreous  to  dull.  H.  3.  Gr.  2-6 — 2*8.  Cleavage 
rhombonedral,  very  perfect,  giving  angles  of  105°  5'  and  74°  6'. 
Composition — calcic  carbonate  or  carbonate  of  lime,  Ca  Co,,  but 
frequently  with  some  ferrous  or  man^auous  oxide,  &a,  and  often 
with  enclosures  of  other  minerals.  Efiervesces  easily  with  acids. 
Occurs  as  (1)  an  original  constituent  of  many  aqueous  rocks  (lime- 
stone, calcareous  shale,  &c.),  either  as  a  result  of  chemical  deposition 
from  water  (calc-sinter,  stalactites,  &c.),  or  as  a  secretion  by  plants 
or  animals  ^ ;  or  (2)  as  a  secondary  product  resulting  from  weathermg, 
when  it  is  found  filling  or  lining  cavities,  or  diffused  through  the 
capillary  interetices  of  minerals  and  rocks.  It  probably  never  occurs 
as  an  original  ingredient  in  the  massive  crystalline  rocks,  such  as 
granite,  felsite,  and  lavas.  Under  the  microscope,  calcite  is  readily 
distinguishable  by  its  intersecting  cleavage  lines,  by  a  frequent  twin 
lamellation  (sometimes  giving  interference  colours),  strong  double 
refraction,  weak  or  inappreciable  pleochroism,  and  characteristic 
iridescent  polarization  tints  of  grey,  rose  and  blue. 

From  tne  readiness  with  which  water  absorbs  carbon  dioxide,  from 

>  Mr.  Sorby  has  recently  investigated  the  condition  in  .which  the  calcareons  matter 
of  the  harder  parts  of  invertebrates  exists.  He  find^  that  in  foraminifera,  eohino- 
derms,  brachiopods,  crostacea,  and  some  lamellibranchs  and  gasteropods,  it  occurs  ai 
calcite ;  that  in  nautilus,  sepia,  most  gasteropods,  many  lameliibrandis,  &c.,  it  is 
aragonite ;  that  in  not  a  few  cases  the  two  forms  occur  togetiier,  or  that  the  carbonate  of  lime 
is  hardened  by  an  admixture  of  phosphate.  Qtuiri.  Jowm,  Geol,  Soc  1S79.  Address,  p.  61. 
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the  increased  solyent  power  which  it  thereby  acquires,  and  from  the 
abundance  of  calcium  in  various  forms  among  minerals  and  rocks^  it  is 
natural  that  calcite  should  occur  abundimtly  as  a  pseudomorph 
replacing  other  minerals.  Thus  it  has  been  observed  taking  the  place 
of  a  number  of  silicates,  as  orthoclase,  oligoclase,  garnet,  augite,  and 
seyeral  zeolites ;  of  the  sulphates,  anhydnte,  gypsum,  barytes,  and 
celestine ;  of  the  carbonates,  aragonite,  dolomite,  cerussite ;  of  the 
fluoride,  flnor-spar ;  and  of  the  sulphide,  galena.  Moreover,  in  many 
massive  crystalline  rocks  (diorite,  dolerite,  &c.),  which  have  been  long 
exposed  to  atmospheric  influence,  this  mineral  may  be  recognised  by 
the  brisk  effervescence  produced  by  a  drop  of  acid,  and  in  microscopic 
sections  appears  filling  the  crevices,  or  sending  minute  veins  among 
the  decayed  minersd  constituents.  Calcite  is  likewise  the  ^reat 
petrifying  medium ;  the  vast  majority  of  the  animal  remains  found 
m  the  rocky  crust  of  the  globe  have  been  replaced  by  calcite,  some- 
times with  a  complete  preservation  of  internal  organic  structure, 
sometimes  with  a  total  substitution  of  crystalline  material  for  that 
rtmcture,  the  mere  outer  form  of  the  organism  alone  surviving. 

Aragonite.  Orthorhombic,  also  globular,  columnar,  fibrous,  sta- 
lactitic,  and  encrusting.  H.  3*5 — 4.  Gr.  2*9 — 3.  Composition  same 
as  calcite.  The  cause  of  the  crystallization  of  calcium  carbonate  in 
the  form  of  aragonite  rather  than  calcite  is  still  uncertain.  Aragonite 
differs  from  calcite  in  being  harder  and  heavier.  It  is  much  less 
abundant  than  the  latter  mineral,  which  is  the  more  stable  form  of 
this  carbonate.  It  occurs  with  beds  of  gypsum,  also  in  mineral  veins, 
in  strings  miming  through  basalt  and  other  igneous  rocks,  and  in  the 
shells  of  many  moUusca.  It  is  thus]  always  a  deposit  from  water, 
sometimes  from  mineral  spring  sometimes  as  a  result  of  the 
internal  alteration  of  rocks,  and  sometimes  through  the  action  of 
Hying  organisms.  Being  more  easily  soluble  than  calcite,  it  has  no 
doubt  in  many  cases  disappeared  from  limestones  originally  formed 
mainly  of  aragonite  shells,  and  has  been  replaced  by  the  more  durable 
calcite,  with  a  consequent  destruction  of  the  traces  of  organic  origin. 
Hence  what  are  now  thoroughly  crystalline  limestones  may  have 
been  formed  by  a  slow  alteration  of  such  shelly  deposits. 

Dolomite  (Bitter-spar).  Ehombohedral  and  isomorphous  with 
calcite,  the  crystals  usually  visible  only  in  open  spaces  of  rocks ; 
but  most  frequently  granular  and  amorphous.  H.  35 — 4*5.  Gr.  2'85 
—2-95.  Composition— calcium  carbonate  54*35,  magnesium  car- 
bonate 45*65,  but  these  proportions  are  not  constant,  and  the  mineral 
is  liable  also  to  contam  some  ferrous  or  manganous  carbonate. 
Only  slowly  acted  on  with  little  or  no  effervescence  by  cold  acids, 
but  when  powdered  soluble  in  warm  acid.  Occurs  (1)  as  an  original 
formation  m  massive  beds  (magnesian  limestone)  belonging  to  many 
different  geological  formations;  (2)  as  a  product  of  alteration, 
especially  of  ordinary  limestone  or  oi  aragonite  (p.  304). 

Siderite  (Brown  Ironstone  Spathic  Iron,  Chalybite).  Ehom- 
bohedraJ,  with  curved  cleavage  faces,  also  common  in  finely  fibrous 
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or  coarse  granular  amorphous  aggregates.  H.  3*5 — 4*5.  Gr.  3*7 — 3*9. 
Composition — ferrous  carbonate  or  carbonate  of  the  protoxide  of  iron 
(= ferrous  oxide  62*07,  carbon  dioxide  37-93),  but  seldom  with  the 
theoretically  pure  composition ;  usually  with  an  intermixture  of  other 
carbonates  (especially  of  manganese,  magnesium,  and  calciun^,  and 
in  the  coarse  varieties  with  clay  and  many  other  impurities.  Occurs 
crystallized  in  association  witn  metallic  ores,  also  m  beds  and  veins 
of  many  crystalline  rocks,  particularly  with  limestones  ;  the  compact 
argillaceous  varieties  (clay  ironstone)  are  found  in  abundant  nodules 
and  b^  in  the  shales  of  Carboniferous  and  other  formations  where 
they  have  been  deposited  from  solution  in  water  in  presence  of 
decaying  organic  matter  (see  pp.  115,  175). 

Sulphates.  Among  the  sulphates  of  the  mineral  kingdom,  only 
three  deserve  notice  here  as  important  compounds  in  the  constitution 
of  rocks — viz.,  calcium  sulphate  or  sulphate  of  lime  in  its  two  forms, 
Anhydrite  and  Gypsum,  and  barium  sulphate  or  sulphate  of  baryta 
in  Barytes. 

Anhydrite.  Orthorhombic ;  fibrous,  lamellar,  granular.  H.  3 — 3'5. 
Gr.  2*8 — 3.  Composition — anhydrous  calcium  sidphate  (=  sulphuric 
acid  58*82,  lime  41*18).  Occurs  more  especially  in  association  with 
beds  of  gypsum  and  rock-salt. 

Gypsum.  Monodinic;  granular,  foliated,  fibrous,  massive.  U. 
1*5—2.  Gr.  2-2 — 2*4.  Composition — ^hydrous  calcium  sulphate  (= 
sulphuric  acid  46*51,  lime  32*54,  water  20*95).  Abundant  as  an 
original  aqueous  deposit  in  many  sedimentary  formations.  (See  p.  115.) 

Barsrtes  (Heavy  Spar).  Orthorhombic;  also  crested,  fibrous, 
coarsely  laminated.  H.3 — 3*5.  Gr.4*3 — 4*7.  Composition — ^bariom 
sulphate  (= baryta  65*7,  sulphuric  acid  34*3).  Frequent  in  veins 
traversing  rocks  of  many  different  kinds,  and  especially  associated 
with  metallic  ores  as  one  of  their  characteristic  vem-stones. 

Phosphates.  The  phosphates  which  occur  most  conspicuously 
as  constituents  or  accessory  ingredients  of  rocks  are  the  tricalcic 
phosphate  or  Apatite,  and  triferrous  phosphate  or  Yivianite. 

Apatite.  Hexagonal  in  six-sided  prisms ;  colourless,  grev,  green, 
yellow,  and  red,  u^iaUy  opaque  except  in  minute  crystals;  also 
massive  (phosphorite).  H.  5.  Gr.  3*16 — 3*22.  Composition — 
Neutral  phosphate  of  calcium,  with  fluoride  or  chloride  of  calcium, 
or  both.  Occurs  in  many  igneous  rocks  (granites,  basalts,  &a),  in 
minute  non-pleochroic  needles  giving  faint  polarization  tints ;  also  as 
massive  beds  associated  with  metamorphio  rocks. 

Vivianite  (Blue  iron-earth).  Monoclinic,  also  often  globular  and 
earthy.  H.  1*5—2.  Gr.  2*6 — 2*7.  Usually  bluish  or  bluish-green. 
Composition — hydrous  triferrous  phosphate  (=  protoxide  of  iron 
43*03,  phosphoric  acid  28*29,  water  27'9o,  but  the  iron  frequently  more 
or  less  altered  into  peroxide).  Occurs  crystallized  in  metalliferous 
veins ;  the  earthy  variety  is  not  infrequent'  in  peat-mosses  where 
animal  matter  has  decayed,  and  is  sometimes  to  be  observed  coating 
fossil  fishes  as  a  fine  layer  like  the  bloom  of  a  plum. 

Fluobides.    The  element  fluorine,  though  widely  diffused  in 
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natoi^  occurs  only  in  comparatiyely  small  qnantit^.    Its  most  aban- 
dant  componnd  is  with  Calciam  as  the  common  mineral  Fluorite. 

naorite  (fluor-spar).  Isometric,  usually  in  cubes ;  also  massive ; 
ooloiir  ranging  most  commonly  through  man^  shades  of  yellow,  blue, 
«id  CTeen.  H.  4.  Gr.  3'1 — 3*2.  Composition — fluoride  of  calcium 
(=flaorine  48*72,  calcium  51'28V  Occurs  generally  in  veins, 
especially  in  association  with  metallic  ores. 

Ghlobides.  There  is  only  one  chloride  of  importance  as  a  con- 
stitnent  of  rocks — sodium  chloride  or  common  salt.  As  it  occurs 
chiefly  in  beds  as  a  rock-formation,  it  is  described  among  the 
rocks  at  p.  111. 

Sulphides.  Sulphur  is  found  united  with  metals  in  the  form  of 
solphides,  many  of  which  form  common  minerals.  The  sulphides  of 
lead,  silver,  copper,  zinc,  antimony,  &c.,  are  of  great  commercial 
importance.  The  sulphide  of  iron,  however,  is  the  only  one  which 
merits  consideration  nere  as  a  rock-forming  substance.  It  occurs 
in  two  forms,  Pyrite  and  Marcasite. 

Pyrite  (Eisenkies,  Schwefelkies).  Isometric,  abundant  in  cubes ; 
also  globular,  with  internal  radiating  fibrous  structure,  and  amorphous. 
Cobur,  pale  brass  yellow,  with  splendent  metallic  lustre.  H.  & — 6'5. 
Gr.  4-9--6-2.  Composition — iron  disulphide,  Fe  Sa  ( = sulphur  63-33, 
iron  46-67),  but  usually  with  traces  of  other  metals.  Occurs  dis- 
seminated through  almost  all  hinds  of  rocks,  often  in  great  abundance, 
as  among  dolerites  and  diabases  ;  also  frequent  in  veins  or  in  beds. 
Iron  disulphide  is  formed  at  the  present  day  by  some  thermal  springs, 
and  has  been  developed  in  many  rocks  as  a  result  of  the  action  of 
infiltrating  water  in  presence  of  decomposing  organic  matter  and 
iron  salts.  In  microscopic  sections  of  rocks,  pvrite  appears  in  small 
cubical,  perfectly  opaque  crystals,  which  with  reflected  light  show 
tbe  characteristic  brassy  lustre  of  the  mineral,  and  cannot  thus  be 
mistaken  for  the  isometric  magnetite,  of  which  the  square  sections 
exhibit  a  characteristic  blue-black  colour.  Pyrite  when  free  from 
marcasite  yields  but  slowly  to  weatliering.  Hence  its  cubical  crystals 
may  be  seen  projecting  still  fresh  from  slates  which  have  been 
exposed  to  the  atmosphere  for  several  generations. 

Marcasite  (Hepatic  pyrites).  Orthorhombic,  but  frequently  also 
in  fibrous,  rounded  or  encrusting  masses,  or  in  amorphous  aggregates. 
Colour  paler  than  pyrite.  H.  6 — 6*5.  Gr.  465 — 4-88.  Composition 
wme  as  pyrite.  Occurs  abundantly  among  sedimentary  formations, 
sometimes  difi'nsed  in  minute  particles,  sometimes  segregated  in  layers, 
or  replacing  the  substance  of  fossil  plants  or  animals ;  also  in  veins 
through  crystalline  rocks.  This  form  of  the  sulphide  is  especially 
characteristic  of  stratified  fossiliferous  rocks,  and  more  particularly  of 
those  of  Secondary  and  Tertiary  date.  It  is  extremely  liable  to  de- 
composition. Hence  exposure  for  even  a  short  time  to  the  air  causes 
it  to  become  brown,  free  sulphuric  acid  is  produced,  which  attacks  the 
sprronnding  minerals,  sometimes  at  once  forming  sulphates,  at  other 
times  decomposing  aluminous  silicates  and  dissolvinpj  them  in  con- 
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siderable  qnantity.  Dr.  Sulliyan  mentions  that  the  water  annually 
pumped  from  one  mine  in  Ireland  carries  np  to  the  snrfaoe  more  than 
a  hundred  tons  of  dissolved  silicate  of  alumina.^  Iron  disulphide 
is  thus  an  important  agent  in  effecting  the  internal  decomposition  of 
rocks.  It  also  plays  a  large  part  as  a  petrifying  medium,  replacing 
the  organic  matter  of  plants  and  animals^  and  leaving  casts  of  their 
forms,  often  with  bright  metallic  lustre.  Such  casts  when  exposed  to 
the  air  decompose. 

§  IIL — Oenerdl  Macroscopie  Characters  of  Bock$? 

Hocks  considered  as  mineral  substances  are  distinguished  from 
each  other  by  certain  external  characters,  such  as  size,  form,  and 
arrangement  of  comoonent  particles.  These  characters,  readily  per- 
ceptible to  the  nakea  eye,  and  in  the  great  majority  of  cases  observ- 
able in  hand  specimens,  are  termed  macroscopic,  to  distinguish  them 
from  the  more  minute  features  of  structure  which,  being  only  visible 
or  satisfactorily  observable  when  greatly  magnified,  are  kiiown  as 
microscopic.  The  latter  features  are  described  at  p.  94.  The  lai^ger 
(geotectonic)  aspects  of  rock-structure,  which  can  only  be  properly 
examined  in  the  field  and  belong  to  the  general  architecture  of  the 
earth's  crust,  are  treated  of  in  Book  IV. 

In  the  dliscrimination  of  rocks,  it  is  not  enough  to  specify  their 
component  minerals,  for  the  same  minerals  may  constitute  very 
distinct  varieties  of  rock.  For  example,  quartz  and  mica  form  the 
ma^ive  crystalline  rock,  greisen,  the  foliated  crystaUine  rock, 
mica-schist,  and  the  sedimentary  rock,  micaceous  sandstone. 
Chalk,  encrinal  limestone,  stalagmite,  statuary  marble  are  all 
composed  of  calcite.  It  is  needful  to  take  note  of  the  general 
structure,  texture,  state  of  aggregation,  colour,  and  other  characters 
of  the  several  masses. 

1.  Structure. — ^The  different  kinds  of  macroscopic  rock* 
structure  are  denoted  either  by  ordinary  descriptive  adjectives,  or 
by  terms  derived  from  rocks  in  which  the  special  structures  are 
onaracteristically  developed,  such  as  granitoid,  brecciated,  shaly.  The 
following  are  the  more  important  varieties. 

Crystalline,  consisting  wholly  or  chiefly  of  crystalline 
particles  or  crystals.  Where  the  mdividual  elements  of  the 
rocks  are  of  large  size,  the  structure  is  eoarse^erystaUine,  as  in 
many  granites.     When  the  particles  are  readily  visible  to  the  naked 

*  Jokes'  Mdmud  of  Otology,  3rd  edit  p.  65. 

'  The  following  eeoeral  text-books  on  rocks  may  be  referred  to :  KsocnUooh,  A 
Otolooieal  Cla$$ifieatton  of  Rocks^  Ao,  London,  1821.  B.  von  Ck)tU,  Bodsa  CUudfifd 
and  beteribedj  translated  by  Lawrence,  London,  1866.  Zirkol,  Lehrbuok  der  Ff^r^ 
araphie,  two  Tola  Bonn,  1866.  Senft,  CUuHfieatum  der  FeUarien^  Breslau.  18^*' 
Die  KrytUaUnitthen  FeUgemengtheile,  Berlin,  186a  Bischof;  Chemioal  (Mogp 
translated  for  Cavendish  Booietj,  1854-59,  and  sapplement,  Boon,  1871.  B<MSt 
Aagemei$te  wmd  Ckemi$che  Gtolo^,  Berlin,  1879.  Other  works  in  which  the  mxeiO' 
soopioal  characters  are  more  specially  treated  of,  are  enmnerated  on  p.  94. 
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eye,  and  are  tolerably  uniform  in  size,  as  in  most  granites,  the  rock  is 
said  to  be  grannlar-crystalline.  Successive  stages  in  the  diminution 
of  the  size  of  the  particles  are  denoted  by  the  terms  Jine-erystaUine, 
micro-crystalUney  and  crypto-crystdUine,  the  last  being  applied  when 
the  individual  crystalline  particles  can  no  longer  be  detected  with 
the  naked  eye.  Such  fine-grained  rocks  may  also  be  called  compact, 
thoQgh  this  term  is  likewise  applicable  to  the  more  close-grained 
varieties  of  the  fragmental  series. 

Many  crystalline  rocks  consist  not  only  of  crystals,  but  of  a 
magma  or  paste,  in  which  the  crystalline  particles  are  seen  by  the 
naked  eye  to  be  embedded.  It  is  of  course  impossible,  except  from 
analogy,  to  determine  macroscopically  what  may  oe  the  nature  of  this 
magma  It  may  be  entirely  composed  of  minute  crystals,  or  may 
consist  of  various  crystallitic  products  of  devitrification.  Its  intimate 
stmcture  can  only  be  ascertained  with  the  microscope.  But  its 
existence  is  often  strikindy  manifest  even  to  the  unassisted  eye,  for 
in  what  are  termed  ^  porphyries  "  it  forms  the  main  part  of  their  mass. 
The  tejm  "  ground-mass  '  has  been  employed  by  Zirkel  and  others  to 
denote  this  macroscopic  matrix.  Microscopic  examination  shows  that 
a  ground-mass  may  consist  of  minute  crystals,  or  crystallites,  or 
granules  and  filaments,  or  glass,  or  combinations  of  these  in  various 
proportions.     (See  p.  100.) 

Vitreous  or  glassy,  having  a  structure  like  that  of  artificial 
glass,  as  in  obsidian.  Most  vitreous  rocks  present  even  to  the  naked 
eye  dispersed  grains,  crystals,  or  other  enclosures.  Under  the 
microscope  they  are  found  to  be  often  crowded  with  minute  crystals 
and  imperfect  or  incipient  crystalline  forms  (p.  99).  Resinous  is 
the  term  applied  to  vitreous  rocks  having  the  lustre  of  pitchstone 
and  others  which  are  still  less  vitreous.  Devitrification  is  the 
conversion  of  the  vitreous  into  a  crystalline  or  lithoid  structure 
(p.  100). 

Horny,  flinty,  having  a  compact,  homogeneous  dull  texture, 
like  that  of  horn  or  flint,  especially  exemplified  by  colloid  silica,  as  in 
calcedony,  jasper,  flint. 

Clastic,  fragmental,  composed  of  detritus.  Bocks  possessing 
this  character  have  in  the  great  majority  of  cases  been  formed  in 
water,  and  their  component  fragments  are  usually  more  or  less 
ronnded  or  water-worn.  Different  names  are  applied,  according  to 
the  form  or  size  of  the  fragments.  Brecciaied,  composed,  like  a 
breccia,  of  angular  fragments,  which  may  be  of  any  decree  of 
coarseness.  Agglomerated,  consisting  of  large,  roughly  rounded  and 
tomaltnously  grouped  blocks,  as  in  the  agglomerate  filling  old 
volcanic  funnels.  Conglomerated  (Conglomeratic),  made  up  of  well- 
roimded  blocks  or  pebbles;  rocks  having  this  character  have  been 
formed  by  and  deposited  in  water.  PetMy^  containing  dispersed  water- 
worn  pebbles,  as  in  many  coarse  sandstones,  which  thus  by  degrees 
paas  into  conglomerates.  Psammitic,  or  sandstone-like,  composed  of 
rounded  grains,  as  in  ordinary  sandstone :  when  the  grains  are  larger 
(<rflen  stutrp  and  somewhat  angular)  the  rock  is  gritty,  or  a  grit. 
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Muddy  {pdUioY  having  a  texture  like  that  of  dried  mud.  OryptodatHc 
or  compacts  where  the  grains  are  too  minute  to  reveal  to  the  naked 
eye  the  truly  fragmentol  character  of  the  rock,  as  in  fine  mndstones 
and  other  argillaceous  deposits. 

Granular,  composed  of  worn  mins  or  of  irregular  crystalline 
particles,  as  in  dolente,  granite,  sandstone  and  marble.  This  texture 
may  become  so  fine  as  to  pass  insensibly  into  compact  The 
crypto-crystalline  portions  of  some  igneous  rocks,  where  the  com- 
ponent ingredients  cannot  be  determined  except  with  the  micro- 
scope, are  sometimes  called  aphanitie. 

Massive,  unstratified,  having  no  arrangement  in  definite 
lavers  or  strata.  Lava,  granite,  and  generally  aU  crystalline  rooks 
which  have  been  erupted  to  the  surface,  or  have  solidified  below 
from  a  state  of  fusion  (or  plasticity),  are  Massive  rocks. 

Stratified,  bedded,  composed  of  layers  or  beds  lying  parallel 
to  each  other,  as  in  shale,  sandstone,  limestone,  and  other  rocks 
which  have  been  deposited  in  water.  Laminated^  consisting  of  fine 
leaf-like  strata  or  laminsB;  this  structure  being  characteristically 
exhibited  in  shales,  is  sometimes  also  called  shaly. 

Foliated,  consisting  of  minerals  that  have  crystallized  in 
approximately  parallel  lenticular  and  usually  wavy  layers  or  folia, 
ICocks  of  this  kind  commonly  contain  layers  of  mica,  or  of  some 
equivalent  rea<lily  cleavable  mineral,  the  cleavage  planes  of  whicb 
coincide  generally  with  the  planes  of  foliation.  Gneiss,  mica-schist 
and  talc-schist  are  characteristic  examples.  So  distinctive,  indeed, 
is  this  structure  in  schists,  that  it  is  often  spoken  of  as  schistose.  In 
gneiss  it  attains  its  most  massive  form ;  in  chlorite-schist  and  some 
other  schists  it  becomes  so  fine  as  to  pass  into  a  kind  of  minutely 
scaly  texture,  often  only  perceptible  with  the  microscope,  the  rocK 
having  on  the  whole  a  massive  structure. 

Fibrous,  consisting  of  one  or  more  minerals  composed  of 
distinct  fibres.  Sometimes  the  fibres  are  remarkably  regular  and 
pandlel,  as  in  fibrous  gypsum,  and  veins  of  fibrous  aragonite  or 
calcite  (satin-spar) ;  in  otner  instances,  they  are  more  tufted  and 
irregular,  as  in  asbestus  and  actinolite-schist. 

Streaked,  having  some  or  all  of  the  component  minerals 
arranged  in  streaky  lines,  either  parallel  or  convergent,  and  often 
undulating.  This  structure,  conspicuously  shown  by  the  lines  of  flow 
in  vitreous  rocks  like  obsidian,  is  less  marked  in  such  crystalline 
rocks  as  diorite  and  dolerite.  It  can  be  seen  on  a  minute  scale, 
however,  in  many  crystalline  masses  when  examined  with  the  micro- 
scope.    (See  Fluxion-structure,  p.  104.) 

Cavernous  (porous),  containing  irregular  cavities  due,  in 
most  cases,  to  the  abstraction  of  some  of  the  minerals ;  but  occasion- 
ally, as  in  some  limestones  (sinters),  dolomites  and  lavas,  forming  p*^ 
of  the  original  structure  of  the  rock. 

Cellular. — Many  lavas,  ancient  and  modem,  have  been 
saturated  with  steam  at  the  time  of  their  eruption,  and  in  conse- 
quence of  the  segregation  and  expansion  of  this  imprisoned  mfonr, 
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Imt6  had  spherical  cavities  developed  in  their  mass.  When  this 
cellular  stmctare  is  marked  by  comparatiyely  few  aud  small  holes, 
it  may  be  called  veneular;  where  the  rock  consists  partly  of  a  roughly 
cellular,  and  partly  of  a  more  compact  substance  mtermingled,  as  in 
the  sla^  of  an  iron  furnace,  it  is  said  to  be  slaggy ;  portions  where 
the  celb  occupy  about  as  much  space  as  the  solid  part^  and  vary  much 
in  size  and  shape,  are  called  scoriaceouSy  this  being  the  character  of 
the  rough  clinker-like  scoriae  of  a  recent  lava  stream ;  when  the 
cells  are  so  much  more  numerous  than  the  solid  part,  that  the  stone 
would  almost  or  quite  float  on  water,  the  structure  is  called  pumi- 
Mtmf,  the  term  pumice  being  the  name  given  to  the  froth-like  part 
of  obsidian.  As  the  cellular  structure  is  necessarily  developed  wnile 
the  rock  is  still  liquid,  or  at  least  viscid,  and  as  while  in  this  con- 
dition the  mass  is  often  still  moving  away  from  its  point  of  emission, 
the  cells  are  not  infrequently  elongated  in  the  direction  of  movement 
Subsequently  water  infiltrating  through  the  rock,  deposits  various 
mineral  suMtances  (calcite,  quartz,  <^cedony,  zeolites,  &c.)  from 
solution,  80  that  the  flattened  and  elongated  almond-shaped  cells  are 
eventually  filled  up.  A  rock  which  has  undergone  this  change  is  said  to 
be  amygdaloidal,  and  the  almond-like  kernels  are  known  as  amygdules. 

Concretionary,  containing  or  consisting  of  mineral  matter 
which  has  been  collected,  either  from  the  surrounding  rock  or  from 
without,  round  some  centre,  so  as  to  form  a  nodule  or  irregularly 
shaped  lump.  This  aggregation  of  material  is  of  frequent  occurrence 
among  water-formed  rocks,  where  it  may  be  often  observed  to  have 
taken  place  round  some  organic  centre,  such  as  leaves,  cones,  shells, 
fish  remains,  or  other  relics  of  plants  or  animals.  (Book  lY.  Fart  I.) 
Among  the  most  frequent  minerals  found  in  concretionary  forms  as 
constituents  of  rocks  are  calcite,  siderite,  pyrite,  marcasite,  and 
various  forms  of  silica.  In  a  true  concretion  the  material  at  the 
centre  has  been  deposited  first,  and  has  increased  by  additions  from 
without^  either  during  the  formation  of  the  enclosing  rock,  or  by 
subsequent  concentration  and  aggregation.  Where,  on  the  other 
hand,  cavities  and  fissures  have  been  filled  up  by  the  deposition  of 
materials  on  their  walls,  and  gradual  growth  inward,  the  result  is 
known  as  a  secretion.  Amygdules  and  the  successive  coatings 
of  mineral  veins  are  examples  of  the  latter  process. 

Spherulitic,  composed  of,  or  containing  small  globules  or 
spherules  which  may  be  colloid  and  isotropic  or  more  or  less  dis- 
tmctly  crystalline,  particularly  with  an  internal  fibrous  divergent 
structure.  This  structure  occurs  in  vitreous  rocks,  where  it  is  one  of 
the  stages  of  devitrification  in  obsidian,  pitchstone,  &c.  (see  p.  141). 

Perl  it ic,  having  the  structure  of  the  rock  termed  perlite, 
which  is  distinguished  by  being  traversed  by  minute  rectilinear 
fisBoreSy  between  which  the  substance  of  the  mass  has  assumed  a 
finely  globular  character,  not  unlike  the  spheroidal  structure  seen 
in  weatiiered  basalt  (Fig.  22). 

Granitoid,  thoroughly  crystalline,  and  consisting  of  crystals 
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approximately  unifonn  in  size,  as  in  granite.  This  structure  is  cha- 
racteristic of  many  eruptive  rocks.  Though  usually  distinctly 
recognizable  by  the  naked  eye  (** macromerite "  of  Vogelsang*),  it 
sometimes  becomes  very  fine  ("  micromerite "),  and  may  be  only 
recognizable  as  thoroughly  crystalline  with  the  microscope ;  at  other 
times  it  passes  into  a  porphyritic  or  porphyroid  character  by  the  ap- 
pearance of  large  crystals  dispersed  through  a  general  ground-mass. 

Porphyritic,  composed  of  a  compact  or  finely  crystalline 
ground-mass,  through  which  distinct  larger  crystals,  generally  of  some 
fel^ar,  are  dispersed.  This  and  the  granitic  structure  are  the  two 
great  structure-types  of  the  eruptive  rocks.  By  far  the  largest 
number  of  these  rocks  belong  to  the  porphyritic  type.  Vogelsang 
has  proposed  to  classify  this  type  in  three  divisions:  1st,  Orano- 
phyrey  where  the  ground-mass  is  a  microscopic  crystalline  mix- 
ture of  the  component  minerals  with  a  sparing  development  of  an 
imperfectly  individualized  magma  (see  p.  103);  2na,  Fdsophyre 
having  usually  an  imperfectly  individuaUzed  or  felsitic  magma  for 
the  ground-mass  (p.  104) ;  3rd,  Vitrophyre,  where  the  ground-mass 
is  a  glassy  magma.  The  second  suo-division  embraces  most  of  the 
porphyries,  and  a  very  large  number  of  eruptive  rocks  of  all  ages." 

Segregated. — In  granite  and  other  crystalline  massive  rocks, 
vein-like  portions,  coarser  (or  finer)  in  texture  than  the  rest  of  the 
mass,  may  be  observed.  These  "  contemporaneous  veins,"  as  they 
have  been  called,  belong  to  the  last  phase  of  consolidation,  when 
segregations  from  the  original  molten  or  viscous  magma  took  place 
along  certain  lines  where  from  fracture  or  otherwise  the  individual 
minerals  could  crystallize  out  from  the  general  mass.  They  have 
been  sometimes  termed  "  segregation,"  or  **  exudation  "  veins. 

2.  Composition. — Before  having  recourse  to  chemical  or  micro- 
scopic analysis,  the  geologist  can  often  pronounce  as  to  the 
general  chemical  or  mineralogical  nature  of  a  rock.  Most  of  the 
terms  which  he  employs  to  express  his  opinion  are  derived  from 
the  names  of  minerals,  and  in  almost  all  cases  are  self-explanatory. 
The  following  examples  may  suffice.  Calcareous,  consisting  of  or 
containing  carbonate  of  lime.  Argillaceous,  consisting  of  or 
containing  clay.  Felspathic,  having  some  form  of  felspar  as  a 
constituent.  Siliceous,  formed  of  or  containing  silica;  usually 
applied  to  the  colloid  or  caJcedonic  forms  of  this  oxide.  Quartzose, 
containing  or  consisting  entirely  of  some  form  of  quartz ;  used  more 
particularly  of  the  crystalline  forms  of  silica.  Carbonaceous,  con- 
taining coaly  matter,  and  hence  usually  associated  with  a  dark  colour. 
Pyri tons, containing  diffused  disulphide of  iron.  Gypseous,  con- 
taining layers,  nodules,  or  scattered  crystals  of  calcium  sulphate. 
Saliferous,  containing  beds  of,  or  impregnated  with,  rock  salt. 

As  rocks  are  not  definite  chemical  compounds,  but  mixtures  of 

»  Z  DeuUch,  OeoL  Get,  xxiv.  p.  534. 

'  YogelsaDg,  7oc.  ct^.     Compare  the   classification  as  granitoid  and  irachfMd, 
posUoj  p.  130. 
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different  minerals  in  yarying  proportions,  they  exhibit  many  inter- 
mediate yarieties.  Transitions  of  this  kind  are  denoted  by  such 
phrases  as  ^'granitic  gneiss,"  that  is,  a  gneiss  in  which  the  normat 
foliated  strnctare  is  nearly  merged  into  the  massiye  stmctore 
of  granite;  *' argillaceous  limestone" — a  rock  iu  which  the  lime- 
stone is  mixed  with  clay;  *' calcareous  shale*' — ^a  fissile  rock  con- 
listiiig  of  clay  with  a  proportion  of  lime.  It  is  eyident  that  such 
rocks  may  graduate  so  insensibly  into  each  other,  that  no  sharp 
line  can  be  drawn  between  them  either  in  the  field  or  in  their 
kTminologj. 

3.  State  of  AggregatioxL — ^The  hardness  or  softness  of  a  rock, 
in  other  words,  its  induration  and  friability,  or  the  degree  of  aggrega- 
tion of  its  particles,  may  be  either  original  or  acquired.  Some  rocks 
(sinters  for  example)  are  soft  at  first  and  harden  by  degrees;  the 
general  effect  of  exposure,  howeyer,  is  to  loosen  the  cohesion  of  the 
particles  of  rocks.  A  rock  which  can  easily  be  scratched  with  the 
nail  is  almost  always  much  decomposed,  though  some  chloritic  and 
talcose  schists  are  soft  enough  to  be  thus  affected.  Compact  rocks 
which  can  easily  be  scratched  with  the  knife,  and  are  apparently 
not  decomposed,  may  be  fine  grained  limestones,  dolomites,  iron- 
stones, mudstones,  or  some  other  simple  rocks.  Ciystalline  rocks,  as 
a  mle,  cannot  be  scratched  with  the  knife  unless  considerable  force 
be  used.  They  are  chiefly  composed  of  hard  silicates,  so  that  when 
an  instance  occurs  where  a  fresh  specimen  can  be  easily  scratched, 
it  will  generally  be  found  to  be  a  limestone  (see  §  yii.  p.  179).  The 
ease  with  which  a  rock  may  be  broken  is  the  measure  of  its 
tangibility.  Host  rocks  break  most  easily  in  one  direction;  atten- 
tion to  this  point  will  sometimes  throw  light  upon  their  internal 
stractnre. 

Fracture  is  the  surface  produced  when  a  rock  is  split  or  broken, 
and  depends  for  its  character  upon  the  texture  of  the  mass.  Finely 
granular  compact  rocks  are  apt  to  break  with  a  splintery  fracture 
where  wedge-shaped  plates  adhere  by  their  thicker  ends  to,  and  lie 
parallel  with,  the  general  surface.  When  the  rock  breaks  off  into 
ooncaye  and  conyex  rounded  shell-like  surfaces,  the  fracture  is  said 
to  be  eonehoidai,  as  may  be  seen  in  obsidian  and  other  yitreous  rocks, 
and  in  exceedingly  compact  limestones.  The  fracture  may  also  be 
fdiaUd,  doty,  or  s&oZy,  according  to  the  structure  of  the  roclc.  Many 
opaque,  compact  rocks  are  translucent  on  the  thin  edges  of  fracture, 
and  afford  there,  with  the  aid  of  a  lens,  a  glimpse  of  their  internal 
composition.  A  rock  is  said  to  be  flinty,  when  it  is  hard,  close-* 
grained,  and  breaks  with  a  smooth  or  conchoidal  fracture  like  flint; 
friable,  when  it  crumbles  down  like  dried  clay  or  chalk ;  plastic,  when 
like  moist  clay  it  can  be  worked  into  shapes ;  pulverulent,  when  it 
fidb  readily  to  powder ;  earthy,  when  it  is  decomposed  into  loam  or 
earth ;  incoherent  or  loose,  when  its  particles  are  quite  separate,  as 
in  dry  blown  sand. 

4.  Colour  and  Lustre. — These  characters  yary  so  much  eyen 
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in  the  same  rook,  according  to  the  freshness  of  the  surfstce  examined, 
that  they  possess  bat  a  subordinate  value.  Nevertheless,  when 
cautiously  used,  colour  may  be  made  to  afford  viJuable  indications 
as  to  the  probable  nature  and  composition  of  rocks.  It  is  in  this 
respect  always  desirable  to  compare  a  freshly-broken  with  a  weathered 
piece  of  the  rock.^ 

White  indicates  usually  the  absence  or  comparatively  small  amount 
of  the  heavy  metallic  oxides,  especially  iron.    It  may  either  be  the 
original  colour,  as  in  chalk  and  calc-sinter,  or  may ,  be  developed  by 
weathering,  as  in  the  white  crast  on  flints  and  on  many  porphyries. 
Black  may  be  due  either  to  the  presence  of  carbon  (when  weathering 
will  not  change  it  much),  or  to  some  iron-oxide  ^magnetite  chiefly), 
or  silicate  rien  in  iron  (as  horublende  and  angite).      Many  rocks 
(basalts  and  dolerites  particularly)  which  look  quite  black  on  a  fresh 
surface,  become  red,  brown,  or  yellow  on  exposure,  black  being  com- 
paratively  seldom  a  weathered  colour.     Yellow^  as  a  dull  earthy 
colouring  matter,  almost  always  indicates  the  presence  of  hydrated 
peroxide  of  iron.    In  modern  volcanic  districts  it  may  be  due  to 
iron-chloride,  sulphur,  &c.     Bright,  metallic,  gold-like  yellow  is 
usually  that  of  iron-disulphide.     Brown  is  the  normal  colour  of 
some  carbonaceous  rocks  nignite),  and  ferruginous  beds  (bog^ircm- 
ore,  clay  ironstone,  &c.).    It  verv  generally,  on  weathered  surfiioes, 
points  to  the  oxidation  and  hydration  of  minerals  containing  iron. 
Bedy  in  the  vast  majority  of  cases,  is  due  to  the  presence  of  granular 
anhydrous  peroxide  of  iron.    This  mineral  gives  dark  blo(d-red  to 
pale  flesh-red  tints.    As  it  is  liable,  however,  to  hydration,  these 
nues  are  often  mixed  with  the  brown  and  yellow  colours  of  limonite. 
Oreen,  as  the  prevailing  tint  of  rocks,  occurs  among  schists,  when 
its  presence  is  usually  due  to  some  of  the  hydrous  magnesian  silicates 
(chlorite,  talc,  serpentine).    It  appears  also  among  massive  rocks, 
especially  those  of  older  geological  formations,  where  hornblende^ 
olivine,  or  other  silicates  have  been  altered.    Among  the  sedim^taiT 
rocks  it  is  principally  due  to  ferrous  silicate  (as  in  ^lauconite). 
Carbonate  of  copper  colours  some  rocks  emerald  or  verdigris  green. 
The  mottled  character  so  common  among  many  stratifira  racks  is 
frequently  traceable  to  unequal  weathering,  some  portions  of  the 
iron  bemg  more  oxidized  than  others;  while  some,  on  the  other 
hand,  become  deoxidized  from  the  reducing  action  of  decaying 
organic  matter.    To  the  former  cause  may  be  attributed  the  brown 
and  yellow  hue  of  the  exposed  parts  of  blue  clays,  to  the  latter  the 
circular  green  spots  so  often  found  among  red  strata. 

Lustre,  as  an  external  character  of  rocks,  does  not  possess  the 
value  which  it  has  among  minerals.  In  most  rocks  the  granolsr 
texture  prevents  the  appearance  of  any  distinct  lustre.  A  completely 
vitreous  lustre  without  a  granular  texture,  is  characteristic  of  volcanic 
glass.    A  splendent  semi-metallic  lustre  may  often  be  observed  upon 

*  Altentiont  of  the  colours  of  mineralB  and  rodu  are  effect^]  by  beat  and  eren  ty 
•UDllgbt    Bee  Jant  ttaz  Bull  Soe.  Gtol.  xxix.  (1872)  p.  800. 
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the  foliation  planes  of  schistose  rocks  and  upon  the  laminae  of 
micaceons  sandstones.  As  this  silvery  lustre  is  almost  invariably  due 
to  the  presence  of  mica,  it  is  commomy  called  distinctively  micaeeom. 
A  metallic  lustre  is  met  with  sometimes  in  beds  of  anthracite ;  more 
Bsnally  its  occurrence  among  rocks  indicates  the  presence  of  metallic 
oxides  or  sulphides. 

5.  Feel  and  SmelL — ^These  minor  characters  are  occasionally 
QsefoL  By  the  feel  of  a  mineral  or  rock  is  meant  the  sensation 
experience  when  the  fingers  are  passed  across  its  surface.  Thus  the 
hydrous  magnesian  silicates  have  a  marked  soapy  or  greasy  feeL 
Some  hydrous  mica-schists  with  margarodite  or  an  allied  mica,  Uke- 
wise  exhibit  the  same  character.  Some  rocks  adhere  to  the  tongue, 
a  quality  indicative  of  their  tendency  to  absorb  water. 

Sme  11. — ^Many  rocks  when  freshly  broken  emit  distinctive  odours. 
Those  containing  volatile  hydrocarbons  give  sometimes  an  appreciable 
hiiuminaua  odour,  as  is  the  case  with  some  of  the  dolerites,  which  in 
central  Scotland  have  been  intruded  through  coal-seams  and  carbon- 
Aoeoofl  shales.  Limestones  have  often  a  fotid  odour ;  rocks  full  of 
decomposiB^  sulphides  are  apt  to  give  a  mlphurow  odour ;  those 
which  are  highly  siliceous  yield,  on  being  struck,  an  empyreumattc 
odour.  It  is  characteristic  of  argillaceous  rocks  to  emit  a  strong 
earthy  smell  when  breathed  upon. 

6.  Bpeeiflo  Gravity. — ^This  is  an  important  character  among 
rocks  as  well  as  among  minerals.  It  varies  from  0*6  among  the  hydro- 
carbon compounds  to  8*1  among  the  basalts.  As  idready  stated^ 
the  average  specific  gravity  of  the  rocks  of  the  earth's  crust  may  be 
taken  to  be  about  2*5,  or  from  that  to  3*0. 

The  student  will  find  this  character  of  considerable  advantage 
in  enabling  him  to  discriminate  between  rocks.  He  may  acquire 
some  dexterity  in  estimating  even  with  the  hand  the  probable 
spedfio  gravity  of  substances ;  but  he  should  begin  by  determining 
it  with  a  balance.  JoUj's  spring  balance  is  a  simple  and  service- 
able instrument  for  this  purpose.  It  consists  of  an  upright  stem 
having  a  graduated  strip  of  mirror  let  into  it,  in  front  of  which 
hangs  a  long  spiral  wire,  with  rests  at  the  bottom  for  weighing  a 
sobstance  in  air  and  in  water.  For  most  purposes  it  is  sufliciently 
accurate,  and  a  determination  can  be  made  with  it  in  the  course  of 
a  few  minutes.^ 

7.  Magnetism  is  so  strongly  exhibited  by  some  crystalline  rocks 
as  powerfollv  to  affect  the  magnetic  needle,  and  to  vitiate  observa- 
tions with  this  instrument.  It  is  due  to  the  presence  of  magnetic 
iron«  the  existence  of  which  may  be  shown  by  reducing  a  rock  to 
powder  in  an  agate  mortar,  washing  carefully  the  triturated  powder, 
and  drying  the  heavy  residue,  &om  which  grains  of  magnetite 
or  of  titaniferous  magnetic  iron  may  be  extracted  witJi  a  magnet. 

*  JoDy's  tpring  balanee  oan  be  obtained  throng  any  optioian  or  mineral  dealer  from 
Berberish,  oT  Mimieh.  for  nine  florina.  In  the  united  Statea  it  if  manofiustared  by 
Oeo.WadeaiidOo.,atth6HobokenInaatnte.  ^ 
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This  may  be  done  with  any  basalt.  A  freely  swinging  magnetic 
needle  is  of  service,  as  by  its  attraction  or  repulsion,  it  affords  a 
delicate  test  for  the  presence  of  even  a  small  quantity  of  magnetic 
iron. 


§  IV. — Minute  or  Microscopic  Characters  of  Bodes. 

No  department  of  Geology  has  been  more  advanced  in  recent  years 
than  Lithology,  and  this  has  been  mainly  due  to  the  introduction  of 
the  microscope  as  an  instrument  for  investigating  minute  internal 
structure.  As  far  back  as  the  year  1827,  a  meth^  of  making  thin 
transparent  sections  of  fossil  wood,  and  mounting  them  on  glass  with 
Canada  balsam,  had  been  devised  by  William  Nicol  of  Edinburgh,  and 
was  employed  by  Henry  Witham  in  an  investigation  of  the  History 
of  Fossil  Vegetables.^ 

It  was  not,  however,  until  1856  "that  Mr.  H.  C.  Sorby,  applying 
this  method  to  the  investigation  of  minerals  and  rocks,  showed 
how  many  and  important  were  the  geological  questions  on  which  it 
was  calculated  to  sned  light'  Beference  will  be  made  in  subsequent 
pa^es  to  the  remarkable  results  then  announced  by  him.  To  the 
publication  of  his  memoir  the  subsequent  rapid  development  of 
microscopic  research  among  rocks  may  be  distinctly  traced.  This 
branch  of  inquiry  has  been  prosecuted  more  particularly  in  Germany, 
but  the  microscopic  method  of  analysis  is  now  in  use  in  every 
country  where  attention  is  paid  to  the  history  of  rocks." 

In  §  vii.  p.  182,  information  is  given  regarding  the  preparation  of 
sections  of  rocks  for  microscopical  examination,  the  methods  of  pro- 
cedure in  the  practice  of  this  part  of  geological  research  and  some 
of  the  terms  employed  in  the  following  pages. 

h  Microscopic  Elements  of  Rooks. 

Bocks  when  examined  in  thin  sections  with  the  microscope  are 
found  to  be  composed  of  or  to  contain  various  elements,  of  which  the 
more  important  are,  1st,  crystals,  or  crystalline  substances ;  2nd,  glass ; 
3rd,  crystallites ;  4th,  detritus. 

'  >  SmaU  4to,  Edinburgh,  1881.  This  work,  though  dedicated  to  Niool,  doet  not 
difltinotly  reoognize  him  aa  the  actual  inyentor  of  the  process  of  slicing  mineral  aubetanoea 
for  microscopic  inyestigation.  AU  that  was  original  in  Witham's  researches  he  owed 
either  directly  or  indirectly  to  NicoL 

'  Brit  A890C.  1856,  Sect,  p.  78.    QuaH.  Joum.  Oed,  8oe.  xiv.  1858. 

^  Among  the  best  text-books  on  this  subject  the  following  may  be  menticned  : — 
Mikro$kop%$che  BetehaffenheU  der  MineraUen  und  Oedeine,  f.  Zirkel,  1  Tol.  ISTS. 
Mikro$kopi$ehe  Phy$iographie  der  MineraUen  und  Oedeine,  H.  Bosenbusch,  2  vols.  187S-7. 
Elemente  der  Petrograpnie,  Von  lAsaubu  1875.  Minhvlogie  micirographiaue :  roehe* 
4ruptive$  francai$e$,  Fouqu^  et  Michel-L^vy,  2  rols.  4to.  Paris,  1879.  Miero9eopicai 
Petrography,  Zirkel,  being  irol.  vi.  of  the  OeU.  Ex^,  of  40(A  PardOeL,  Washington, 
1876.  The  volumes  for  the  last  ten  or  fifteen  years  of  the  Quairt&r^  Jommal  of  ike 
Geological  Society,  GeologiealMagaHne,Neue$JahrhuehfiirMinerilogie,Sm^  Zeitediriftder 
VeuUehen  Qeohgiechen  OeeeOeehaft,  BuUeHn  de  la  SoeidU  giologigue  de  Franee^Jahrburh 
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A.  Crystals  or  Crystalline  Substances. — Rock-forming 
minerals  when  not  amorphoas  may  be  either  crystallized  in  their 
proper  crystallographic  forms,  or  crystalline,  that  is,  possessing  a 
crystalline  internal  structure,  but  without  definite  external 
««metrical  form.  The  latter  condition  is  more  prevalent,  seeing 
Uiat  minerals  have  usually  been  developed  round  and  against  each 
other,  thus  mutually  hmdering  the  assumption  of  determinate 
crystallographic  contours.  Other  causes  of  imperfection  are  fracture 
by  movement  in  the  original  magma  of  the  rock  and  partial  solution 
in  that  magma,  as  in  the  corroded  quartz  of  quartz-porphyries  and 
rhyolites.  in  some  rocks,  such  as  granite,  the  thoroughly  crystalline 
character  of  the  component  ingr^ients  is  well  marked,  yet  they 
seldom  present  the  definite  isolated  crystals  so  frequently  to  be 
observed  in  porphyries  and  in  many  old  and  modern  volcanic  rocks. 
Among  thorougnly  crystalline  rocks  good  crystals  of  the  component 
mmerals  may  be  obtamed  from  fissures  and  cavities  in  which  there 
has  been  room  for  their  formation.  It  is  in  the  **  drusy  "  cavities  of 
granite,  for  example,  that  the  well-defined  prisms  of  felspar,  quartz, 
mica,  topaz,  beryl  and  other  minerals  are  found.  Successive  stages 
in  order  of  appearance  or  development  can  readily  be  observed 
amoDg  the  crystals  of  rocks.  Some  appear  as  large  but  frequently 
broken  or  corroded  forms.  These  have  evidently  been  formed  first. 
Others  are  smaller  but  abundant,  usually  unbroken,  and  often  disposed 
in  Imes.  Others  have  been  developed  by  subsequent  alteration  within 
therock.^ 

A  study  of  the  internal  structure  of  crystals  throws  light  not 
merely  on  their  own  genesis,  but  on  that  of  the  rocks  of  which  they 
consist,  and  is  therefore  well  worthy  of  the  attention  of  the  geologist. 
That  many  apparently  simple  crystals  are  in  reality  compound,  may 
not  nifreqnentiy  be  detected  by  the  different  condition  of  weathering 
in  the  two  opposite  parts  of  a  twin  on  an  exposed  face  of  rock. 
The  internal  structure  of  a  crystal  modifies  the  action  of  solvents  on 
its  exterior  (e.g.  weathered  surfaces  of  calcite,  aragonite  and  felspars). 
Crystals  mav  occasionally  be  observed  built  up  of  rudimentary 
"microliths,  as  if  these  were  the  simplest  forms  in  which  the  mole- 
cules ot  a  mineral  begin  to  appear  (p.  100). 

Crystalline  minerals  are  seldom  free  from  extraneous  inclusions. 
These  are  occasionally  large  enough  to  be  readily  seen  by  the  naked 
eye.  But  the  microscope  reveals  them  in  many  minerals  in  almost 
incredible  quantity.  They  are,  a,  gas  cavities;  /8,  vesicles  con- 
taining liquid ;  7,  globules  of  glass  or  of  some  lithoid  substance ; 
i,  crystals ;  e,  filaments  or  other  indefinitely-shaped  pieces,  patches, 
or  streaks  of  mineral  matter. 

der  K.  JL  OtohgUehen  BeichmmtaJt  (  FMima),  ooDtain  numerons  papers  on  the  microeoopio 
i^nietare  of  locki.  Rntley't  Study  of  Boeki,  London,  1879,  is  a  convenient  little  book 
The  oAiiml  of  Bosenbosch  and  the  work  of  Fonqn^  and  Michel-L^vy,  contain  a  tolerably 
ample  bibliogTHph  j  of  the  Bubject,  to  which  the  stndent  Ib  referred.  The  titles  of  some 
of  the  won  important  memoirf  which  have  recently  appeared  will  be  given  in  footnotee. 
*  FoQqo^  et  Mkhel-L^ry-  ^^f>-  Micrograph,  p.  l.M. 
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a.  Gas-filled  or  empty  cayities — are  most  frequently 
globular  or  elliptical,  and  appear  to  be  doe  to  the  presence  of 
gas  or  steam  in  the  crystal  at  the  time  of  consolidation.  Zirkel 
estimates  them  at  360,000,000  in  a  cnbic  millinietre  of  the  hanpe 
from  Melfi.^  In  some  instances  the  cavity  has  a  geometric  form 
belonging  to  the  crystalline  system  of  the  enclosing  mineral  Such 
a  space  defined  by  crystallographic  contonrs  is  a  negative  erysUd.  A 
cavity  filled  with  gas  contains  no  bubble,  and  its  margin  is  marked  by 
a  broad  dark  band.  The  usual  gas  is  nitrogen,  with  traces  of  oxygen 
and  carbon  dioxide ;  sometimes  it  is  entirely  carbon  dioxide  or 
hydrogen  and  hydrocarbons. 

p.  Vesicles  containing^  liquid  (and  ga&)— As  far  back  as 
the  year  1823,  Brewster  studied  the  nature  of  certain  fluid-bearing 
cavities  in  diflerent  minerals.^  The  first  observer  who  showed  their 
important  bearing  on  geological  researches  into  the  origin  of 
crystalline  rocks  was  Mr.  Sorby,  in  whose  paper,  abeady  cited,  they 
occupy  a  prominent  place.  Vesicles  entirdy  filled  with  liquid  are 
distinguished  by  their  sharply-defined  and  narrow  black  Dorders. 
Vesicular  spaces  containing  fluid  may  be  noticed  in  many  artficial 
crystals  formed  from  aqueous  solutions  (crystals  of  common  salt  show 
them  well)  and  in  many  minerals  of  crystalline  rocks.  They  are  ex- 
ceedingly various  in  form,  being  branclung,  curved,  oval,  or  spherical, 
and  sometimes  assuming  as  negative  crystals  a  geometric  form,  like 
that  characteristic  of  the  mineral  in  which  they  occur,  as  cubic  in 
rock  salt  and  hexagonal  in  quartz.  They  also  vary  greatly  in  size. 
Occasionally  in  quartz,  sapphire  and  other  minerals  lai^e  cavities  are 
readily  observable  with  the  naked  eye.  But  they  may  be  traced  with 
high  magnifying  powers  down  to  less  than  i^^^a  of  an  inch  in 
diameter.  Their  proportion  in  any  one  crystal  ranges  within  such 
wide  limits,  that  whereas  in  some  crystals  of  quartz  few  may  be  ob- 
served, in  others  they  are  so  minute  and  abundant  that  many  millions 
must  be  contained  in  a  cubic  inch.  The  fluid  present  is  usually  water, 
frequently  with  saline  solutions,  particularly  chloride  of  sodium  or  of 
potash,  or  sulphates  of  potash,  soda,  or  lime.  Carbon  dioxide  may  be 
present  in  the  water ;  sometimes  the  cavities  are  partially  occupied 
with  it  in  liquid  form,  and  the  two  fluids,  as  originally  observea  by 
Brewster,  may  be  seen  in  the  same  cavity  unmingled,  the  carbon  di- 
oxide remaining  as  a  freely  moving  globule  within  the  carbonated 
water.  Cubic  crystals  of  chloride  of  sodium  may  be  occasionally  ob- 
served in  the  fluid,  which  must  in  such  cases  be  a  saturated  solution  of 
this  salt  (Fig.  7,  lowest  figure  in  Column  A).  Usually  each  cavity  con- 
tains a  small  globule  or  bubble,  sometimes  stationary,  sometimes 
movable  from  one  side  or  end  of  the  cavity  to  the  other  as  the  q>ecimen 
is  turned,  sometimes  slowly  pulsating  from  side  to  side,  or  rapidly 
vibrating  like  a  living  organism.    The  cause  of  these  movements 

t  Mik.  B^teKaf,  p.  F6. 

■  i{<i<n.  PA^.  Joum.  ix.  p.  94.    IVaiM.  Aw.  iSStw.  JS^n.  z.  p.  1.  See  alao  W.  NIooL  JUm. 
AW  Phil  /(mm.  (182S)  y.  p.  94. 
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ranainsstQI  unexplained.  The  babble  may  be  made  to  disappear  by 
the  application  of  heat  Sorby  pointed  out  that  it  can  be  imitated  in 
artificial  crystal  in  which  he  explained  its  existence  by  diminution 
of  Tolame  of  the  liquid  owing  to  a  lowering  of  temperature  after  its 
eDclosore.    By  a  series  of  experiments  he  ascertained  the  rate  of  ex- 

E'on  of  water  and  saline  mutions  up  to  a  temperature  of  200^  C 
Fahr.),  and  calculated  from  them  the  temperature  at  which  the 
I  in  crystals  would  entirely  fill  its  enclosing  cayities.  Thus  in 
thenepheline  of  the  ejected  blocks  of  Monte  Somma  he  found  that  the 
relatiye  size  of  the  vacuities  was  about  *28  of  the  flaid,  and  assuming 
the  pressure  under  which  the  crystals  were  formed  to  have  been  not 
mDcn  greater  than  sufficient  to  counteract  the  elastic  force  of  the 
Tapoor,  he  concluded  that  the  nepheline  may  have  been  formed  at  a 
temperature  of  about  340''  C.  (644  Fahr.),  or  a  very  dull  red  heat  only 
just  visible  in  the  dark.    He  estimated  also  from  the  fluid,  cavities  in 

A  B  C 

Fw.  T.^ATrms  nr  OBTsrjicfl,  hiohlv  m AGXiFnBt).     l,  Liquid  Ikclusiohs  ;  b.  Glass 
Incum&n^    p,  OATrras  saownro  thb  DgviTKirroATiow  of  thb  original  Glass 

BT  Tm  AFFKABAKOB  OF  ObTSTALB,  XTO.,  UNTIL  JS  THB   LOWBBT  FlQUBB  A   StONT 

OB  LitBdiD  Pb6duot  u  ^obmbd;  * 

the  quartz  of  granite  that  this  rock  has  probably  consolidated  at  some- 
what similar  temperatures,  under  a  pressure  sometimes  equal  to  that 
of  76,000  feet  of  rock.*  Zirkel,  however,  has  pointed  out  tnat  even  in 
ooDtiguons  cavities,  where  there  is  no  evidence  of  leakage  through 
floe  fissures,  the  relative  size  of  the  vacuole  varies  within  very  wide 
limits,  and  in  such  a  manner  as  to  indicate  no  relation  wliatever 
to  the  dimensions  of  the  endlosins:  cavitieis.    Had  the  vacuole  been 


dite  merely  to  the  contraction  of  the  liquid  on  cooling,  it  ought 
to  hav^  always  been  proportionate  to  the  size  of  the  cavity.* 

Mm  De  la  Valine  roussin  and  Benard,  attacking  the  question 
from  another  side,  measured  the  relative  dimensions  of  the  vesicle 
And  of  its  enclosed  water  and  cube  of  rock-salt,  as  contained  in  the 
qoartziferous  diorite  .of  Qiienast  in  Belgium;  The  temperature  at 
which  the  ascertained  volamie  of  water  in  the  cavity  would  dissolve 
its  salt  was  found  b^  calculation  to  be  307°  C.  (520  Fahr.).  But  as 
the  law  of  the  solubility  of  common  salt  has  not  been  experimentally 
dstennined  for  high  temperatures,  this  figure  can  only  be  accepted 

*  Sorby,  op.  cii,  pp.  480.  49.1.  «  Mik,  Bmhaff,  p.  46. 
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proyisionally,  thoogh  other  considerations  go  to  indicate  that  it  is 
probably  not  &r  from  the  truth.  Assaming  then  that  this  was  the 
temperature  at  which  the  vesicle  was  formed,  these  authors  proceed 
to  determine  the  pressure  necessary  to  prevent  the  complete  vapori- 
sation of  the  water  at  that  temperature,  and  obtain  as  the  result  a 
pressure  of  87  atmospheres,  equal  to  84  tons  per  square  foot  of 
surface.^  The  great  pressure  under  which  many  rocks  were  formed  is 
well  shown  by  the  liquid  carbon  dioxide  in  the  pores  of  their  crystals. 

Fluid  inclusions  may  be. dispersed  at  random  through  a  crystal, 
or,  as  in  the  quartz  of  granite,  gathered  in  intersecting  planes 
(which  look  like  fine  fissures  and  which  may  sometimes  have 
become  real  fissures  owinjg  to  the  line  of  weakness  caused  by  the 
crowding  of  the  cavities),  or  disposed  regularly  in  reference  to  the 
contour  of  the  crystaL  In  the  last  case  thev  are  sometimes  confined  to 
the  centre,  sometimes  arranged  in  zones  alon^  the  lines  of  growth  of 
the  crystal.'  They  are  speciallv  conspicuous  m  the  quartz  of  granite 
and  other  massive  rocks,  as  well  as  of  gneiss  and  mica-schist;  also 
in  felspars,  topaz,  beryl,  augite,  nepheline,  olivine,  leucite  and  other 
minerals. 

7.  Inclusions  of  glass  or  of  some  lithoid  substance. 
— In  many  rocks  which  have  consolidated  from  fusion,  the  comp(ment 
crystals  contain  globules  or  irregularly  shaped  enclosures  of  a 
vitreous  nature  (Fig.  7,  Column  B).  These  enclosures  are  analogous 
to  the  fluid-cavities  just  described.  They  are  portions  of  the 
original  glassy  magma  out  of  which  the  minerals  of  tne  rock  crystal- 
lize, as  portions  of  the  mother-liquor  are  enclosed  in  artificially 
formed  crystals  of  common  salt  That  magma  is  in  realitv  a  liquid 
at  high  temperatures,  though  at  ordinary  temperatures  it  becomi-s  a 
solid.  At  nrst  these  glass  vesicles  may  be  confounded  with  the 
true  liquid  cavities  which  in  some  respects  they  closely  resemble. 
But  they  may  be  distinguished  by  the  immobility  of  their  bubblsi^ 
of  which  several  are  sometimes  present  in  the  same  cavity ;  by  the 
absence  of  anv  diminution  of  the  bubbles  when  heat  is  applied ;  bj 
the  elongatea  shape  of  many  of  the  bubbles;  by  the  occasi<»il 
extrusion  of  a  bubble  almost  beyond  the  walls  of  the  vesicle,  by  the 
usual  pale  greenish  or  brownish  tint  of  the  substance  filling  the 
vesicle,  and  its  identity  with  that  forming  the  surrounding  base  or 
ground-mass  in  which  the  crystals  are  imbedded ;  but  above  all,  by 
the  complete  passivity  of  the  substance  in  polarized  light  (S^ 
§  vil,  p.  188.^ 

Glass  inclusions  occur  abundantly  in  some  minerals,  aggregated 
in  the  centre  of  a  crystal  or  ranged  along  its  zones  of  ffiowth  with 
singular  regularity.  They  appear  in  feli^pars,  quartz,  leucite,  sad 
other  crystalline  ingredients  of  volcanic  rocks,  and  ol  course  prute 

*  M^moin  $ur  le$  Boehe9  ditet  PhUoniennfi  de  la  Belgique,  De  la  VaU^  PooMiB  ii 
A^Benard.    Aead.  Boy.  Belg.  ISIB,  p.  AU    &ee  nXaoVftaxi,  Q.  J.  OtoL  SodJ^P-S^ 

*  The  way  in  whioh  ireticles,  enclosed  orystali,  Ac,  are  grouped  along  Um  toam  d 
growth  of  orystali  ia  Ulmtratod  in  Fig.  5 . 
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that  these  minerals,  even  the  refractory  quartz,  have  undoubtedly 
crystallized  out  of  molten  solutious. 

In  inclusions  of  a  truly  vitreous  nature  traces  of  devitrification 
may  not  infrequently  be  seen.  In  particular  microscopic  crystallites 
(p.  100)  make  their  appearance,  like  those  in  the  ground-mass  of 
ue  rock.  Sometimes  the  inclusions,  like  the  general  ground-mass, 
have  an  entirely  stony  character.  This  may  be  well  observed  in 
those  inclusions  which  have  not  been  entirely  separated  from  the 
Borrounding  ground-mas£f,  but  are  connected  with  it  by  a  narrow  neck 
at  the  periphery  of  the  enclosing  crystal.  In  some  granites  and  in 
elvans  the  qua^  by  irregular  contraction,  while  stHl  in  a  plastic 
state,  appears  to  have  drawn  into  its  substance  portions  of  the 
BornHmaing  already  lithoid  base  ;^  but  this  appearance  may  sometimes 
be  due  to  irregular  corrosion  of  the  crystals  by  the  magma.' 

&  Crystals  and  crystalline  bodies. — Many  component  ' 
minerals  of  rocks  contain  other  minerals  (Fig.  5).  These  occur  some- 
times as  perfect  crystals,  more  usually  as  what  are  termed  microliths 
(p.  101).  Like  the  glass-inclusions,  they  tend  to  range  themselves  in 
lines  along  the  successive  zones  of  growtji  in  the  enclosing  mineral. 
Soch  microliths  are  of  frequent  occurrence  in  leucite,  garnet, 
augite,  hornblende,  caloite,  fluorite,  &c.  It  is  important  to  observe 
thi2t  the  relative  order  of  fusibility  is  not  always  followed  in  the 
microliths  and  enveloping  crystals.  Thus  microliths  of  the  easily 
Aisible  augite  are  in  the  Yesuvian  lavas  enclosed  within  the 
extremely  refractory  leucite. 

e  Filaments,  streaks,  patches,  discolorations. — 
Besides  the  enclosures  already  enumerated,  crystals  likewise  fre- 
quently enclose  irr^lar  portions  of  mineral  matter,  due  to  alter- 
ation of  the  original  substance  of  the  minerals  or  rocks*  Thus 
tufts  and  yermicu&r  aggregates  of  certain  green  ferruginous  silicates 
are  of  common  occurrence  among  the  crystals  and  cavities  of  old 
pyroxenic  volcanic  rocks.  Orthoclase  crystals  are  often  mottled  with 
patches  of  a  granular  nature  due  to  partial  conversion  of  the  mineral 
into  kaolin.  The  magnetite,  so  frequently  enclosed  within  mineiuls, 
is  abundantly  oxidized,  and  has  given  rise  to  brown  and  yellow  patches 
and  discolorations.  Care  must  be  taken  not  to  confound  these 
resolts  of  infiltrating  water  with  the  original  characters  of  a  rock. 
Practice  will  give  the  student  confidence  in  distinguishing  them,  if 
be  familiarises  his  eye  with  decomposition  products  by  studying 
slices  of  the  weathered  parts  of  rocks. 

B.  Glass. — ^Even  to  the  unassisted  eye,  many  volcanic  rocks  con- 
sist obviously  in  whole  or  in  sreat  measure  of  fi;lass.  This  substance 
in  mass  is  usuallv  black  or  dark  green,  but  when  examined  in  thin 
sections  under  the  microscope,  it  presents  for  the  most  part  a  pale 
brown  tint,  or  is  nearly  colourless.  In  its  purest  condition  it  is  quite 
structureless,  that  is,  it  contains  no  crystals,  crystalhtes,  or  other 
dirtinguishable  individualized  bodies.  But  even  in  ttiis  state  it  may 
*  J.  A.  PhUlipi,  Q.  J.  QtoL  8oc  xzxi.  p.  83S.  '  Fouqa^  et  L^vy.  op.  oU. 
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sometimes  be  observed  to  be  marked  b^  clot-like  patches  or  streaks 
of  darker  and  lighter  tint  arranged  m  lines  or  eddy-like  curves 
indicative  of  the  flow  of  the  original  flnid  mass.  Rotated  in  the 
dark  field  of  crossed  Nieol  prisms^  sneh  a  natural  glass  remains 
darky  being  perfectly  inert  in  polarized  light.  It  is  therefore  said  to 
be  isotropic,  and  may  thus  readily  be  distingoished  from  any  enclosed 
crystaJs  which  acting  on  the  light  are  anisotropic  (p.  188).  Perfectly 
homogeneous  structureless  glass  without  enclosures  of  any  kind  occurs 
for  the  most  part  only  in  limited  patches,  even  in  the  most  thoroughly 
vitreous  rocks.  Originally^  the  structure  of  all  glassy  rocks  at  the 
time  of  most  complete  fusion  may  have  been  that  of  perfectly  nn- 
individualized  glass.  But  as  these  masses  tended  towards  a  solid 
form,  devitrification  of  their  gla^s  set  in.  Many  forms  of  incipient 
or  imperfect  crystallization  as  well  as  perfect  crystals  were  developed 
in  the  still  fiuid  and  moving  mass,  and  were  drawn  out  in  the  direc- 
tion of  motion.  In  some  cases  so  far  has  devitrification  prooeededy 
that  no  trace  remains  of  any  glass. 

C.  Cbystallites.^ — Under  this  name  may  be  included  minute 
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OF  Ectdaijb  Mcib,  magnified  SOO  Diameters. 

inorganic  bodies  possessing  a  more  or  less  definite  form,  but  generally 
without  the  geometrical  characters  of  crystals.  They  occur  most 
commonlv  in  rocks  which  have  been  formed  from  igneous  fusion,  but 
are  found  also  in  others  which  have  resulted  from  or  have  been 
altered  by  aqueous  sohitions.  They  seem  to  be  early  or  peculiar 
forms  of  crystallization  developed  in  artificial  slags,  and  in  many 
vitreous  rocks,   under  conditions  not  yet  well  understood.     The 

*  Thit  word  wm  first  used  by  Sir  James  Hall  to  denote  the  lithoid  substance  obtained 
bj  bim  after  fusing  and  then  slowlv  cooling  various  **  whinstones "  or  volcanic  rocks. 
HiiMvi  its  rerivMl  in  lithology  H  has  been  appHed  to  the  minuter  bodies  above  de- 
scribed, and  a  distinction  has  been  drawn  between  crystallites  and  miorolitha.  It  seems 
to  me  most  convenient  to  retain  the  term  erytiaUit^  as  the  general  designation  of  all  the 
indefinitely  eryttallino  or  incipient  forms  of  individualisation  among  minerals,  and  to  sub- 
divide these  by  the  employment  of  such  names  as  Vogelsan^s  OMmlitM,  Longuktes^ 
MitrciUht,  Ac,  The  student  should  consult  this  author's  PkUotcmhie  der  Oiologie^ 
p.  189;  KnjttaViUn,  Bonn,  8to.  1875;  rIbo  hii  descriptions  in  Arehive$  N/lerlandam$ 
▼.  1670,  vi.  1871.    8orby.  Brit.  Auor.  1SS6. 
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simplest  are  extremely  minttte  drop-like  bodies  or  glolulites.  Qaite 
isotropic,  they  are  sometimes  crowded  confusedly  through  the  glass, 
giviDg  it  a  dull  or  somewhat  granular  character,  while  in  other  cases 
they  are  arranged  in  lines  or  groups.  Gkradations  can  be  traced  from 
spherical  or  spheroidal  globuutes  into  other  forms  more  elliptical  in 
shape,  but  still  haring  a  rounded  outline  and  sometimes  sharp  ends. 
These  were  termed  by  Vogelsang  Longulite^,  There  does  not  appear 
to  be  any  essential  distinction,  save  in  degree  of  development,  between 
these  forms  and  the  long  rod-like  or  needle-shaped  bodies  which  have 
been  tenned  mierolUhs  (Behmtes).  Existing  sometimes  as  mere  si  m  pie 
needles  or  rods,  these  microliths  may  be  traced  into  more  complex 
forms,  sometimes  pointed,  sometimes  toothed  at  the  end,  straight, 
curved  or  coiled,  smooth  or  striated,  at  one  time  solitary^,  at  another 
in  groups.  It  is  sometimes  possible  from  their  association  to 
determine  to  what  minerals  microliths  belong.  Augite,  hornblende, 
apatite  and  felspars  all  occur  in  these  rudimentary  forms.      In  most 


FiQ.  9.^1LoBOLrrBS  of  thb  PrrcHBrsoNB  of  Abran,  MAONirnED  70  Diamsibbs.  (See  p.'140.} 

cases  the  microliths  are  transparent  and  colourless,  or  slightly  tinted, 
but  sometimes  they  are  blacK  and  opaque,  from  a  coating  of  ferru- 
grinons  oxide,  or  only  appear  so  as  an  optical  delusion  from  their 
position.  Black  seemingly  opaque  hair-like  twisted  and  curved 
microliths,  termed  trichites,  occur  abundantly  in  obsidian.  €kx>d 
illustrations  of  the  general  characters  and  grouping  of  microliths  are 
shown  in  some  vitreous  basalts.  In  Fi^.  8,  for  example,  the  outer 
portion  of  the  field  displays  crowded  elobuiites  and  longulites,  as  well 
as  here  and  there  a  few  belonites  and  some  eurred  and  coiled  micro- 
liths. Bound  the  augite  crystal  these  various  bodies  have  been  drawn 
together  out  of  the  surrounding  glass.  Numerous  rod-like  microliths 
diverge  from  the  crystal^  and  these  are  more  or  less  thickly  crusted 
with  the  simpler  and  smaller  forms.^  In  Fig.  9  the  remarkably 
beautiful  structure  of  an  Arran  pitchstone  is  shown ;  the  glassy  base 
being  crowded  with  minute  microliths  which  are  grouped  in  a  fine 
brush-like  arrangement  round  tapering  rods.    In  this  case  also  wq 

*  Geikie,  Proe,  Roy,  Phyt,  8oe.  Edin,  v.  p.  246,  Plate  Y.  Fig.  5. 
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see  that  the  dassy  base  has  been  clarified  round   the  larger  in- 
dividnals  by  the  abstraction  of  the  crowded  smaller  microlitha 

With  the  crystallites  may  be  grouped  the  characteristic  amorphons 
or  indefinitely  granular  and  fibrous  or  scaly  matter  which  constitutes 
the  microscopic  base  in  which  the  definite  crystals  of  felsites  and  por- 
phyries are  imbedded  (pp.  104, 135).  The  true  nature  of  this  substance 
IS  not  yet  understood.  Between  crossed  Nieol  prisms  it  sometimes 
behaves  isotropicallyy  like  a  glass,  but  in  other  cases  allows  a  mottled 
glimmering  light  to  pass  through.  It  is  a  product  of  devitrificaticm 
where,  though  the  vitreous  character  has  disappeared,  its  place  has 
not  been  taken  hj  recognizable  crystals  or  crystalline  particles.^ 

Every  gradation  in  the  relative  abundance  of  crystallites  may  be 
traced.  In  some  obsidians  and  other  vitreous  rocks,  portions  ot  the 
glass  can  be  obtained  with  comparatively  few  of  them ;  but  in  the 
same  rooks  we  may  not  infrequently  observe  adjacent  parts  where 
they  have  been  so  largely  developed  as  to  usurp  the  place  of  the 
original  glass,  and  give  the  rock  in  consequence  a  lithoid  aspect 
(p.  141), 

D.  Detritus. — Many  rocks  are  composed  of  the  detritus  of  pre- 
existing materials.  In  the  great  majority  of  cases  this  can  be  readily 
detected,  even  with  the  naked  eye.  But  where  the  texture  of  saco 
detrital  or  fragmental  (clastic)  rocks  becomes  exceedingly  fine,  their 
true  nature  may  require  elucidation  with  the  microscope.  An 
obvious  distinction  cau  be  drawn  between  a  mass  of  compact  detritus 
and  a  crystalline  or  vitreous  rock.  The  detrital  materials  are  fonnd 
to  consist  of  variously  and  irregularly  shaped  grains  with  more  or  less 
of  an  amorphous  and  generalfy  granular  paste.  In  some  cases  the 
grains  are  broken  and  angular,  in  others  tney  are  rounded  or  water- 
worn  (p.  154).  They  may  consist  of  minerals  (quartz,  chert,  felspara^ 
mica,  d:c.),or  of  rocks  (slate,  limestone,  basalt,  &c.),  or  of  the  remains 
of  plants  or  animals  (spores  of  lycopods,  fragments  of  shells,  crinoids, 
&c).  It  is  evident  therefore  that  though  some  of  them  may  be 
crystalline,  the  rock  of  which  they  now  form  part  is  a  non-crystailine 
compound.  Where  water  containing  carbonate  of  lime  or  other 
mineral  matter  in  solution  has  permeated  a  detrital  rock,  it  has 
sometimes  allowed  its  dissolved  materials  to  crystallize  among  the 
interstices  of  the  detritus.  But  this  change  does  not  ooncecu  the 
fundamentally  secondary  or  derivative  nature  of  the  mass. 

2.  Microscopic  Stractures  of  Rocks. 

We  have  next  to  consider  the  manner  in  which  the  foregoing 
microscropio  elements  are  associated  in  rocks.  This  inquiry  brings 
before  us  the  minute  structure  of  rocks,  and  throws  great  light  upon 
their  origin  and  history.' 

>  Bee  Zirke],  Mtk.  Be$elu^.  p.  280.    BoMnbonb,  toI.  il.  p.  AO. 

*  The  first  broed  olaaiifloetion  of  the  microeoopio  ■truetuie  of  rocln  wte  that  ine- 
poMd  bj  Zirkel,  which,  with  elight  modifloation,  ie  here  adopted.  Mik  Bmekag.  d.  266. 
AiMttyM^ftfM,  p.  88.  — — w  r» 
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Four  types  of  rock-structure  are  revealed  by  the  microscope. 
A,  wholly  crystalline  ;  B,  semi-crystalline ;  C,  glassy  ;  D,  clastic. 

A.  Wholly  Cbtstalline,  consisting  entirely  of  crystals  or 
crystalline  indiyiduals,  whether  yisible  to  the  naked  eye^or  requiring 


F».  10. — Wbou^y  Cbtbtallinb  Stbuotubb.    Graihtb  (20  Diameters). 

The  white  portions  are  Quartz,  the  striped  parts  Felspar,  the  long,  dark,  flnelj  striated 
stripes  are  Mica.    (See  p.  131.) 

the  aid  of  a  microscope,  imbedded  in  each  other  without  any  intenrening 
amorphous  substance.  Bocks  of  this  type  are  exemplified  by  granite 
(Fig.  10)  and  by  other  igneous  rocks.  JDut  they  occur  also  among  the 
crystalline  limestones  and  schists,  as  in  statuary  marble,  which 
consists  entirely  of  crystalline  granules  of  calcite  (Fig.  16). 


Fn.  11.— Ssio-oRTffrALLiins  Structubb.    Dolehite,  ooNBurraio  of  a  Triounio  Fujpar, 

Acoix,  AHD  Magnetite  in  a  Dettteified  Gbound-mass  (20  Diameters) 
The  muneroiis  oblong  Prisms  are  triclinio  Felspar;  the  broader  monodinio  forms, 

slightly  shaded  in  the  drawing,  are  Aiigite ;  the  black  specks  are  Ifagnetite ;  the 

seedle-ahaped  forms  are  Apatite.    (See  p.  14S.) 

B.  Sbmi-cbtstalline. — This  division  probably  comprehends  the 
majority  of  the  massive  eruptive  or  igneous  rocks.  It  is  dis« 
tiaguighed  by  the  occurrence  of  what  appears  to  the  naked  eye  as  a 
compact  or  nnely  granular  ground-mass,  through  which  more  or  less 
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recognizable  crystals  are  scattered.  Examined  with  the  microscope, 
this  ground-mass  is  fonnd  to  present  considerable  diversity.  It  may 
be  (1)  wholly  a  glass,  as  in  some  basalts,  trachy tes,  and  other  yolcaDic 
products ;  (2)  partly  devitrified  through  separation  of  peculiar  little 
granules  and  needles  which  appear  in  a  vitreous  base ;  (3)  still  further 
devitrified,  until  it  becomes  an  aggregation  of  such  little  granules, 
needles,  and  hairs  between  ^hich  little  or  no  glass  base  appears 
(microcrystallitic) ;  or  (4)  ^*  microfelsitic,'*  closely  related  to  the  two 
previous  groups,  and  consisting  of  a  nearly  structureless  mass,  marked 
usually  with  indefinite  or  h^f  effaced  granules  and  filaments,  but 
behaving  like  a  singly  refracting  amorpl^ous  bodv. 

C.  Glassy. — Composed  of  a  volpanic  glass  suen  as  has  already  been 
described.  It  seldom  happens,  however,  that  rocks  which  seem  to  the 
eye  to  be  tolerably  homogeneous  glass  do  not  contain  abundant 
microliths  and  minute  crystals.  Hence  truly  vitreous  rocks  tend  to 
graduate  into  the  second  or  semi-crystalline  type.    This  gradation 


Fig.  12^— Fia7X105  Btbuotubx  in  Obqedian.    (20  Diameters.    See  p.  141.) 

and  the  abundant  evidence  of  traces  of  a  devitrified  base  or  magma 
between  the  crystals  of  a  vast  number  of  eruptive  rocks,  lead  to  the 
belief  that  the  glassy  type  was  tbe  original  condition  of  most  if  not 
all  of  these  rocks.  Erupted  as  molten  masses,  their  mobility  would 
depend  upon  the  fluidity  of  the  glass.  Yet  even  while  still  deep 
within  the  earth's  crust,  some  of  their  constituent  minerals  (felspars, 
leucite,  mametite,  &c.)  were  often  already  crystallized,  and  suffered 
fracture  ana  corrosion  by  subsequent  action  of  the  enclosing  magma. 
This  is  well  shown  by  wnat  is  termed  the  fluxum-^rudure.  Crystals 
and  crystallites  are  ranged  in  current-like  lines,  with  their  long  axes 
in  the  direction  of  these  lines.  Where  a  large  older  crystal  occurs, 
the  train  of  minuter  individuals  is  found  to  sweep  round  it  and  to 
reunite  on  the  further  side,  or  to  be  diverted  in  an  eddy-like  course 
(Fig.  12).  So  thoroughly  is  this  arrangement  characteristic  of  the 
motion  of  a  somewhat  viscid  liquid,  that  there  cannot  be  any  doubt 
that  such  was  the  condition  of  these  masses  before  their  consolida- 
tion.   The  fluxion  structure  may  be  detected  in  many  eruptive  rockm 
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from  thoroughly  vitreous  oompoands  like  obsidian,  on  the  one  hand,  to 
completely  crystalline  masses  like  some  dolerites  on  the  other.  It 
occors  not  only  in  what  are  usually're^ded  as  volcanic  rocks,  but  also 
m  plutonia  or  deep-seated  masses  which  there  is  reason  to  believe 
consolidated  deep  beneath  the  surface,  as  for  instance  in  the  Bode 
vein  of  the  Harz  and  amon^  quartz-porphyries  associated  with 
granites  in  Aberdeenshire.  The  structure,  therefore,  cannot  be 
regarded  as  certainly  indicating  that  the  lock  in  whick  it  is  found 
ever  flowed  out  at  the  surface  as  lava. 

The  final  stiffening  of  a  vitreous  mass  into  solid  stone  has  resulted 
(Ist)  from  mere  8oli(£fication  of  the  ^lass :  this  is  well  seen  at  the 
edge  of  dykes  and  intrusive  sheets  of  different  basalt  rocks,  where  the 
ig^neous  mass,  having  been  suddenly  congealed  along  its  line  of  contact 
with  the  surrounding  rocks,  remains  there  in  the  condition  of  glass, 
though  only  an  inch  further  inward  from  the  edge  the  vitreous  magma 
has  djsttppeared,  as  represented  in  Fig.  29  ;  (2na)  from  the  devitrifica- 
tion of  tne  glass  by  the  abundant  development  of  microfelsitic  granules 
and  filaments,  as  in  quartz-porphyry,  or  of  crystallites  and  crystals, 
as  in  such  glassy  rocks  as  obsidian  and  tachylite ;  or  (3rd)  from  the 
complete  crystallization  of  the  whole  of  the  original  glassy  base,  as 
may  be  observed  in  some  dolerites  and  basalts. 

D.  Clastic. — Composed  of  detrital  materials,  such  as  have  been 
already  described  (p.  102).    Where  these  materiak  consist  of  grains  of 


Fia.  13. — CLAffno  Btbuctubs  of  Jhobqasw  Obioin — SEcnoiT  of  a 
Piece  of  Gbetwagke.    (10  Diameters.    Bee  p.  159.) 

quartz-sand,  they  withstand  almost  any  subsequent  change,  and  hence 
can  be  recognized  even  among  the  most  highly  metamorphosed  series 
of  rocks  ^p.  155).  Quartzite  from  such  a  series  can  sometimes  be 
scarcely  disti^uished  under  the  microscope  from  unaltered  quartzose 
sandstone.  Where  the  detritus  has  resulted  from  the  destruction  of 
alaminous  or  magnesian  silicates,  it  is  more  susceptible  of  alteration. 
Hence  it  can  be  traced  in  regions  of  local  metamorphism  becoming 
more  and  more  crystalline,  until  the  rocks  formed  of  or  containing  it 
pass  into  true  crystalline  schists. 
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Detritas  deriyed  from  the  oomminution  or  decay  of  organic 
remains  presents  very  different  and  characteristic  structures.^  &>me- 
times  it  is  of  a  siliceous  nature,  as  where  it  has  been  deriyed  from 
diatoms  and  radiolarians.  But  most  of  the  organically  deriyed 
detrital  rocks  are  calcareous,  formed  from  the  remains  of  foraminifera, 
corals,  echinoderms,  polyzo«^  cirripedes,  annelides,  molluscs,  cmstacea 
and  other  inyertebrates,  with  occasional  traces  of  fishes  or  eyen  of 
higher  yertebrates.  Distinct  differences  of  microscopic  stmctore 
can  be  detected  in  the  hard  parts  of  some  of  the  liying  representatiyes 
of  these  forms,  and  similar  differences  have  been  detected  in  beds  of 
limestone  of  all  ages.  Mr.  Sorby,  in  the  paper  cited  below,  has  shown 
how  characteristic  and  persistent  are  some  of  these  distinctions,  and 
how  they  may  be  made  to  indicate  the  origin  of  the  rock  in  which 
they  occur.  There  is  an  important  difference  between  the  two  forms, 
in  which  carbonate  of  lime  is  made  use  of  by  inyertebrate  animak ; 


Fio.  14.— OiiAffno  Structubx  of  Oboamio  Orioin— Stbugtubs  of  Chaul  (8obbt> 
Maqnifiid  100  DiAxmiiS.    (See  p.  168.) 

aragonite  being  much  less  durable  than  calcite.  Hence  while  shells 
or  other  organisms  formed  largely  or  wholly  of  aragonite  crumble 
down  into  a  mere  amorphous  mud,  pass  into  crystalline  calcite,  or 
disappear,  the  fragments  of  those  consisting  of  calcite  may  remain 
quite  recognizable. 

It  is  eyident  therefore  that  the  absence  of  all  trace  of  organic 
structure  in  a  limestone  need  not  inyalidate  an  inference  from  other 
eyidence  that  the  rock  has  been  formed  from  the  remains  of  organisms. 
The  calcareous  organic  debris  of  a  sea-bottom  may  be  disintegrated 
and  reduced  to  amorphous  detritus  by  the  mechanical  action  of  waves 
and  currents,  by  the  solvent  chemical  action  of  the  water,  by  the 
decay  of  the  binding  material,  as  of  the  organic  matter  of  eiiells, 
or  by  being  swallowed  and  digested  by  other  animals.' 

*  The  Btodent  who  would  fbriher  ioTestigate  this  snbjeot  will  find  a  soggestiTe  and 
luminooB  esBSj  upon  it  by  Mr.  Sorby  in  a  recent  presidential  addreat  to  the  Geological 
Boeiety.    Quart  Joum,  GeoL  8oe.  1879. 

'  Borby,  loe.  eit. 
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Moreoyer,  in  clastic  calcareons  rocks,  owing  to  their  liability  to 
iltenition  by  infiltrating  water,  there  is  a  tendency  to  ac(][aire  an  in- 
ternal crystalline  texture.  At  tlie  time  of  formation  little  empty 
•pares  lie  between  the  component  grannies  and  fragments,  and 
ieoording  to  Mr.  Sorby,  these  interspaces  may  amount  to  about  a 
quarter  of  the  whole  mass  of  the  rook.  They  h&ve  yeij  commonly 
be^n  filled  up  by  calcite  introduced  in  solution.  This  infiltrat^ 
edcite  acquires  a  crystalline  structure  like  that  of  ordinary  mineral 
TeiuB.  Bat  the  original  component  organic  granules  also  themsely^ 
become  crystalline,  and,  saye  in  so  far  as  their  external  contour  may 
rsreal  their  original  organic  source,  they  cannot  be  distinguished  from 
mere  mineral  grains.  In  this  way  a  cycle  of  geological  change  is 
eompleted.  The  calcium  carbonate  orginally  di^ly^  out  of  ipcks 
hj  infiltrating  water  and  carried  into  the  sea  is  secreted  firom  the 
oceanic  waters  by  corals,  foraminifera,  echinoderms,  molluscs  and 
other  inyertebrates.  The  remains  of  these  creatures  collected  on  the 
•ea-bottom  slowly  accumulate  into  beds  of  detritus,  which  in  after 
times  are  upheayed  into  land.  Water  once  more  percolating  through 
the  calcareous  mass  gradually  imparts  to  it  a  crystalline  structure, 
and  eyentually  all  trace  of  organic  forms  may  be  effaced.  But 
at  the  same  time  the  rock  once  exposed  to  meteoric  influences 
11  attaclred  by  carbonated  water,  its  molecules  are  carried  in  solution 
bto  the  sea,  where  once  again  they  will  be  built  up  into  the  frame- 
work of  marine  organisms. 

K  Altbration  of  Rooks. — One  of  the  most  important  reyelations 
of  the  microscope  is  the  extent  to  which  rocks  haye  undergone 
alterati<m  through  the  influence  of  infiltrating  water.  The  nature 
ot  some  of  these  changes  is  described  in  subsequent  pages.  It  may 
be  sufficient  to  note  here  a  few  of  the  more  obyious  proofs  of  altera- 
tion. Threads  and  kernels  of  calcite  running  through  an  eruptiye 
rock,  such  as  granite,  dolerite,  or  trachyte,  are  a  good  index  of  in- 
ternal decomposition.  They  usually  point  to  the  decay  of  some  lime- 
bearing  mineral  in  the  rock.  Some  other  minerals  are  likewise 
frequent  signs  of  alteration,  such  as  serpeptine  (often  resulting  from 
the  alteration  of  oliyine,  see  Fig.  6),  chlorite,  epidote,  limonite.  In 
many  cases,  howeyer,  the  decomposition  products  are  so  indefinite  in 
form  and  so  minute  in  quantity,  as  not  to  permit  of  their  being  satis- 
factorily referred  to  any  Known  species  of  mineraL  For  these  indeter- 
minate but  frequently  abundant  substances,  the  following  conyenient 
short  names  haye  been  proposed  by  Vogelsang  to  save  periphrasis, 
imtil  the  true  nature  of  the  substance  is  ascertained.  Vindtie — ^green 
traosparent  or  translucent  patches,  often  in  scaly  or  fibrous  aggre- 
gations, of  common  occurrence  in  more  or  less  decomposed  rocks 
ocntaining  hornblende,  au^te,  or  oliyine :  probably  in  many  cases 
terpentine,  in  others  chlorite  or  delessite.  Ferrite — yellowish,  red- 
din,  or  brownidi  amorphous  substances,  probably  consisting  of 
peroxide  of  iron  either  nydrous  or  anhydrous,  but  not  certainly 
referable  to  any  mineral,  tnough  sometimes  pseudomorphous  after 
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ferrugiuoQS  minerals,  Opacite — black,  ^F^S^^  grains  and  scales  of 
amorphous  earthy  matter,  which  may  in  different  cases  be  magnetite, 
or  some  other  metallic  oxide,  earthy  silicates,  graphite,  &c.^ 

§  V.  —-Clasaifieaiion  of  Bocks. 

It  is  eyid^nt  that  lithology  may  be  approached  from  two  rery 
different  sides.  We  may  on  the  one  hand  regard  rocks  as  so  many 
masses  of  mineral  matter,  presenting  great  variety  of  chemical 
composition  and  marvellous  diversity  of  microscopic  structure.  Or 
on  the  other  hand,  passing  from  the  details  of  their  chemical  and 
mineralogical  characters,  we  may  look  at  them  as  the  records  of 
ancient  terrestrial  changes.  In  the  former  aspect,  they  present  for 
consideration  problems  of  the  highest  interest  in  inor^nic  chemistry 
and  mineralogy ;  in  the  latter  view  they  invite  attention  to  the  great 
geological  revolutions  through  which  the  planet  has  passed.  It  is 
evident  therefore  that  two  distinct  systems  of  classification  may  be 
followed,  the  one  based  on  chemical  and  mineralogical,  the  other  on 
geological  considerations. 

From  a  chemical  point  of  view,  rocks  may  be  grouped  according 
to  their  composition ;  as  oxides,  exemplified  by  formations  of  quartz, 
haematite,  or  magnetite;  carbonates^  including  the  limestones  and 
clay-ironstones;  silieateSf  embracing  the  vast  majority  of  rocks, 
whether  composed  of  a  sinde  mineral,  or  of  more  than  one ;  pho^ohaies, 
such  as  ^uano  and  the  older  bone  beds  and  coprolitic  deposits.  A 
classification  of  this  kind,  however,  pays  no  regard  to  the  mode  of 
origin  or  conditions  of  occurrence  of  the  rocks,  and  is  quite  unsnited 
for  the  purposes  of  the  geologist. 

From  the  mineralogical  side,  rocks  may  be  classified  with  reference 
to  their  prevailing  mineral  constituent.  Thus  such  subdivisions  as 
Calcareous  rocks,  Quartzoee  rocks,  Orthoclase  rocks,  Plagiodase  rocks, 
Fyroxenic  rocks,  Homblendic  rocks,  &c.,  may  be  adopted ;  but  these 
are  hardly  less  objectionable  to  the  geologist,  and  are  in  fact  suited 
rather  for  the  arrangement  of  hand-specimens  in  a  museum,  than 
for  the  investigation  of  rocks  in  situ. 

From  the  standpoint  of  geological  inquiry,  rocks  have  been 
classified  according  to  their  mode  of  origin.  In  one  system  they  are 
arranged  under  three  great  divisions:  1st,  Igneous,  embracing  all 
which  have  been  erupted  from  the  heated  interior  of  the  earth ; 
2Dd,  Aqueous  or  Sedimentary,  including  all  which  have  been  laid 
down  as  mechanical  or  chemical  deposits  from  water  or  air,  and 
all  which  have  resulted  from  the  growth  and  decay  of  plants  or 
animab ;  3rd,  Metamorphic,  those  wliich  have  undergone  subsequent 
change  within  the  crust  of  the  earth,  whereby  their  original  character 
has  ^n  so  modified,  as  to  be  sometimes  quite  indeterminable.  An- 
other geological  arrangement  is  based  upon  the  general  structure  of 

•  Vogpimng,  Z.  DeuUeh.  Oeol.  Ge$.  xxiy.  (1872)  p.  529.    Zirkel,  Oeol  ExpL  iOlk 
lOsl,  rol.  vl  p.  12. 
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the  rocks,  and  consists  of  two  divirfonSy  Ist,  Strdltified,  embracing  all 
the  aqueoDS  and  sedimentary  with  part  of  the  less  altered  metaraorphic 
locks;  2nd>  Unstrcdified^  nearly  conterminous  with  the  term  igneous, 
since  it  includes  all  the  eruptive  rocks.  Further  subdivisions  of  this 
series  have  been  proposed  according  to  differences  of  structure  or 
texture,  b&  porphyritiCy  granitic^  &c.  These  geological  subdivisions, 
however,  ignore  the  chemical  and  mineralogfcal  characters  of  the 
rocks,  and  are  based  on  deductions  which  may  not  always  be  sound. 
Thus  rocks  may  be  included  in  the  igneous  seties  which  further 
research  may  show  not  to  be  of  igneotis  origin ;  others  may  be 
classed  as  metamorphic,  regarding  the  true  origin  of  whi^h  there  may 
be  considerable  uncertainty.  A  further  system  of  classification  based 
upon  relative  age  has  been  applied  to  the  arrangement  of  the  eruptive 
rocks,  those  masses  which  were  erupted  prior  to  the  close  of  Secondary 
time  being  classed  as  "  older^"  and  those  of  later  date  as  ^*  younger." 
This  system  has  recently  been  elaborated  in  ^eat  detail  by  Michel- 
Levy,  who  maintains  that  the  same  types  have  o^n  reproduced  nearly 
in  the  same  order  in  the  two  series,  though  basic  rocks,  often  with 
vitreoas  characters,  rather  predominate  in  the  later.  But  it  can  be 
shown  that  some  rocks  occur  in  both  series,  and  though  there  are 
undoubtedly  well-marked  differences  betweeii  some  Tertiary  and  pre- 
Tertiary  eruptive  rocks,  it  may  be  doubted  whether  this  classification 
is  not  too  ingenious  and  artificial.^ 

Though  no  classification  which  can  at  present  be  proposed  is 
wholly  satisfactory,  one  which  shall  do  least  violence  at  oUce  to 
geolc^cal  and  mineralogical  relationships  is  to  be  preferred.  Avoiding 
Uierefore  all  theoretical  considerations  based  on  deductions  as  to  the 
origin  of  rocks,  we  may  convenientiy  make  use  of  thie  broad  dis- 
tmction  between  Crystalline  (incluaing  vitreous)  and  Clastic  or 
Fragmentfid  rocks.  The  former  are,  1st,  stratified,  including  chiefly 
chemical  deposits,  such  as  limestones,  dolomites,  sinters,  \&c. ;  2n(l, 
schistose,  embracing  most  of  the  so-called  metamorphic  rocks ;  3rd, 
massive:  this  series  is  nearly  coincident  with  the  old  division  of 
Igneous  Rocks.  The  Clastic  or  Fragmental  rocks  are  formed  either 
01  the  dibris  of  older  rocks,  or  of  the  aggregated  remains  of  plants  or 
animals.  In  some  cases,  as  for  example,  m  limestones  of  organic 
origm,  subsequent  alteration  gradually  effaces  the  fragmental 
Btmcture,  and  superinduces  a  true  crystalline  internal  arrangement. 
Hence  along  certain  lines  fragmental  rocks  pass  gradually  into  the 
stratified  crystalline  series. 

It  must  be  kept  in  view  that  in  this  proposed  system  of 
classification,  and  in  the  following  detailed  description  of  rocks, 
niany  questions  regarding  the  origin  and  decomposition  of  these 
mineral  masses  must  necessarily  be  wluded  to.    The  student,  however, 

*  See  on  this  subject,  J.  D.  Daoa,  A  mer.  J.  Sci.  xvi.  187S,  p.  336.  Compare  aIso  Michel- 
^,  BvU.  6oe.  OM,  Frafide,  iii.  3rd  ee^  p.  199,  vi.  p.  173.  Fotiqin^  et  Michel-Levy, 
^  «t  p.  150.  BofenboBch,  Mik.  Phytiog,  ii.  On  the  olasBifioation  of  compound  sUicated 
I'Kki,  lee  Vogeleang,  Z,  Deutteh,  Otcl,  Ge$,  xxiv.  p.  •')07,  and  for  an  incisive  criticism  of 
too  meidj  mineralogical  classification,  Lowen,  op.  cU.  xxiv.  p.  782. 
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will  find  these  questions  discnssed  in  later  pages,  and  will  probabl  j 
recognise  a  distinct  adyantage  in  this  nnayoidlable  reference  to  them 
in  connection  with  the  rocks  by  which  they  are  suggested. 

§  VI. — A  Description  of  the  more  Important  Books  of  (he  'EarQCn  OrtuL 

Fnll  details  regarding  the  composition,  microscopic  stmctaie,  and 
other  characters  of  rocks  must  be  sought  in  such  genend  treatises  and 
soecial  memoirs  as  those  already  cited  (pp.  86,  94).  The  puiposes  of 
the  present  text-book  will  be  served  by  a  succinct  account  of  tne  more 
common  or  important  rocks  which  enter  into  the  composition  of  the 
crust  of  the  earth. 

A.  Cbtstallike  (moLUDiNa  Vitreous). 
1.  StraUfled. 

This  diyision  consists  mainly  of  chemical  deposits,  but  inclndes 
also  some  which,  originally  formed  of  organic  calcareous  d^ris^ 
have  acquired  a  crystalline  structure.  The  rocks  induded  in  it 
occur  as  faminse  and  beds  usually  intercalated  among  clastic  formic 
tions,  such  as  sandstone  and  shale.  Sometimes  they  attain  a  thick- 
ness  of  many  thousand  feet,  with  hardly  any  interstradfication  of 
mechanically  derived  sediment  They  are  being  formed  abundantly 
at  the  present  time  by  mineral  springs  and  on  the  floors  of  inland  seas ; 
while  on  the  bottom  of  lakes  ana  of  the  main  ocean  calcareous  organic 
accumulations  are  in  progress  which  will  doubtless  eventually  acquire 
a  thoroughly  crystallme  structure  like  that  of  many  limestones. 

Ice. — So  large  an  area  of  the  earth's  surface  is  covered  with  ice, 
that  this  substance  deserves  notice  among  geological  formationa. 
Ice  is  commonly  and  conveniently  classified  in  two  drnsiona, 
snow-ice  and  water-ice,  according  as  it  restilts  from  the  com- 
pression and  alternate  melting  and  freezing  of  fallen  snow,  or  fiom 
the  freezing  of  the  surfetce  or  bottom  of  sheets  of  water. 

Snow-ice  is  of  two  kind^.  Ist,  Fallen  snow  on  mountain  sicms 
above  the  snow-line  gradually  assumes  a  granular  structure.  The 
little  crystalline  needles  and  stars  of  ice  are  melted  and  froien  into 
rounded  granules,  which  form  a  more  or  less  compact  mass  known 
in  Switzerland  as  NSvi  or  Fim.  2nd,  When  the  granular  n^T^ 
slowly  slides  down  into  the  valleys,  it  acquires  a  more  compact 
crystalline  structure  and  becomes  placier-ice.  The  structure  and 
movements  of  glaciers  are  described  in  Book  III.  Part  ii.  Glacier- 
ice  in  small  fragments  is  white  or  colourless,  and  often  shows  innumer- 
able fine  bubbles  of  air,  sometimes  also  fine  particles  of  mud.  In 
larger  masses  it  has  a  blue  or  green-blue  tint,  and  displays  a  veined 
structure  consisting  of  parallel  vertical  veinings  of  white  ice  full  of 
air-bubbles,  and  of  blue  clear  ice  without  air-bubbles.  Snow-ioe 
is  formed  above  the  snow-line,  but  may  descend  in  glaciers  iar 
below  it  It  covers  large  areas  of  the  more  lofty  mountains  of  the  globe. 
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even  in  tropical  regions.    Towards  the  poles  it  descends  to  the  sea- 
lerel,  where  large  pieces  of  it  break  off  and  float  away  as  icebergs. 

Water-ice  is  formed,  Ist,  by  the  freezing  of  the  surface  of 
fresh- water  (rirer-ice,  lake-ice),  or  of  the  sea  (ice-foot,  floe-ice,  pack- 
ice)  ;  this  is  a  compact,  clear,  white  or  ereenish  ice.  2nd,  by  the 
freezing  of  the  layer  of  water  lying  on  the  bottom  of  rivers,  or  the 
sea  (bottom-ice,  gromid-ice,  anchor-ice) ;  this  yariety  is  more  spongy, 
and  often  encloses  mad,  sand  and  stones. 

Book  Salt  (Sel  gemme,  Steinsalz)  occars  in  layers  or  beds  from 
less  than  an  inch  to  more  than  six  hundred  feet  in  thickness.      The 
salt  deposits  at  Stassfnrt,  for  example,  are  1197  feet  thick,  of  which 
the  lowest  beds  comprise  685  feet  of  pure  rock  salt,  with  thin  layers 
of  anhydrite  ^  inch  thick  dividing  the  salt  at  intervals  of  from  one 
to  eight  inches.    The  more  insoluble  salts  are  found  in  the  lower 
parts  of  tiie  ^iferous  series  and  disappear  towards  the  top.    When 
purest,  rock  salt  is  clear  and  colourless,  but  usually  is  coloured  red 
(peroxide  of  iron) ;  sometimes  green,  or  blue.     It  varies  in  structure, 
being  sometimes  beautifully  crystalline  and  giving  a  cubical  cleavage ; 
laminated,  granular,  or  less  frequently  fibrous.    It  always  conttons 
some  admixture,  either  mechanical  (clay,  sand,  yesicles  of  com- 
bnstible  gas,  sometimes  present  in  large  quantity,  or  saline  water) 
or  chemi^  (chlorides  of  magnesium,  or  of  calcium,  &c.).    Occasion- 
ally remains  of  minute  forms  of  vegetable  and  animal  life,  bituminous 
wood,  corals,  shells,  crustaceans,  and  fish  teeth  are  iliet  with  in  it. 
Microecopic  examination  shows  it  to  contain  minute  cubical  cavities 
filled  with  a  solution  of  salt     Owing  to  its  ready  solubility,  it  is  not 
found  at  the  surface  in  moist  climates.    With  its  associated  seams  of 
gjrpsum,  anhydrite,  red  clay,  &c.,  it  forms  series  of  strata  several 
thousand  feet  thick,  as  in  Grallicia.    It  has  been  formed  by  the 
evaporation  of  very  saline  water  in  enclosed  basins — a  process  going 
<m  now  in  many  salt-lakes  (Oreat  Salt  Lake  of  Utah,  Dead  8e^, 
and  on  the  surface  of  some  deserts  (Eirgis  Steppe).     In  different 
parts  of  the  world  deposits  of  salt  have  probably  always  been  in 
pn^ress  from  very  early  geological  times.    Saliferous  formations  of 
Tertiary  and  Secondarv  age  are  abundant  in  Europe,  while  in  America 
they  occur  even  in  rocks  as  ancient  as  the  Upper  Silurian  period,  and 
among  the  Punjab  Hills  in  still  more  ancient  strata. 

Limestone  (Calcaire,  Ealkstein). — Essentially  a  mass  of  calcium 
carbonate,  sometimes  nearly  pure,  and  entirely  or  almost  entirely 
soluble  in  hydrochloric  acid,  sometimes  loaded  with  sand,  day,  or  other 
intermixture.  Few  rocks  vary  more  in  texture  and  composition.  It 
may  be  a  hard  flinty  close-grained  mass,  breaking  with  a  splintery 
or  conchoidal  fracture ;  or  a  crystalline  rock  built  up  of  fine  crystals 
of  calcite  and  resembling  loaf  sugar  in  colour  and  texture;  or  a  dull 
earthy  friable  chalk-like  deposit ;  or  a  compact  massive  finely- 
granular  rock  resembling  a  close-grained  sandstone  or  freestone. 
The  colours,  too,  vary  extensively,  the  most  common  being  shades  of 
blue-grey  and  cream-colour  passing  into  white.    Some  limestones 
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are  highly  siliceous,  the  calcareous  matter  having  been  aocorapanied 
with  ffllica  in  the  act  of  deposition  ;  others  are  areillaceoua,  sandy, 
ferruginous,  dolomitic,  or  bituminous.  By  far  the  Wger  number  of 
limestones  are  of  organic  origin;  though  owing  to  internal  re-arrange- 
ment their  ori^naT  clastic  character  has  frequently  been  changed 
into  a  crystallme  one.  Under  the  present  subdivision  are  placed 
all  those  limestones  which  have  had  a  distinctlj  chemical  origin,  and 
also  those  which,  though  doubtless,  in  many  cases,  originally  formed 
of  organic  debris,  have  lost  their  fragmental,  and  have  aasamed 
instead  a  crystalline  structure. 

Compact^  common  limestone. — A  fine  ^huned  cnratalline 
granular  aggregate,  occurring  in  beds  or  laminsd  mterstratined  with 
other  aqueous  deposits.    When  purest  it  is  readily  soluble  in  add 
with  effervescence,  leaving  little  or  no  residue.    Many  varieties  occur, 
to  some  of  which  separate  names  are  given.    Hydraxdio  lirnettone 
contains  10  per  cent,  or  more  of  silica  (and  usually  alumina)  and, 
when  burnt  and  subsequently  mixed  with  water,  forms  a  cement  or 
mortar,  which  has  the  property  of  "  setting "  or  hardening  under 
^ater.    Limestones  containing  perhaps  as  much  as  25  per  cent,  of 
sih'ca,  alumina,  iron,  &a,  which  in  themselves  would  be  unsoitabla 
for  many  of  the  ordinary  purposes  for  which  limestones  are  used,  can 
be  used  for  making  hydraulic  mortar.    These  limestones  occur  in 
beds  like  those  in  the  Lias  of  Lyme  Begi^  or  in  nodulee   like 
those  of  6heppey>  from  which  Boman  cement  is  made.    Cement* 
st&ne  is  the  name  given  to  manv  pale  dull  ferruginous  limestones, 
which  contain  an  admixture  of  clay,  and  some  of  which  can  be 
profitably  used   for  making  hydraulic  mortar  or  cement     Fetid 
limestone  (stinkUein,  ewinettone)  gives  off  a  fetid  smell  (sulphuretted 
hydrogen  gas),  when  struck  with  a  hammer.    In  some  cases  the  rock 
seems  to  have  been  deposited  by  volcanic  springs  containing  decom- 

rible  sulphides  as  well  as  lime.  In  other  instances  the  odour  may 
connected  with  the  decomposition  of  imbedded  organic  matter. 
In  some  quarries  in  the  Carboniferous  Limestone  of  Ireland,  as 
mentioned  by  Mr.  Jukes,  the  freshly  broken  rock  may  be  smelt  at 
a  distance  of  a  hundred  yards  when  the  men  are  at  work,  and 
occasionally  the  stench  becomes  so  strong  that  the  workmen  are 
sickened  by  it,  and  re(}uire  to  leave  off  work  for  a  time.  OomeUme 
is  an  arenaoeons  or  siliceous  limestone  particularly  charabteristic  of 
some  of  the  Palsoozoic  red  sandstone  formations.  BMendone  is  a 
decomposed  siliceous  limestone  from  which  most  or  all  of  the  lime 
has  been  removed,  leaving  a  siliceous  skeleton  of  the  rock*  A 
similar  decomposition  takes  place  in  some  ferruginous  limestones, 
with  the  result  of  leaving  a  yellow  skeleton  of  ochre. 

Travertine  (calcareous  tufa)  is  the  material  deposited  by 
calcareous  springs,  usually  white  or  yellowish,  varying  in  texture  from 
a  solt  chalk-like  substance  or  marl  to  a  compact  building-stone. 
Stalactite  is  the  name  given  to  the  calcareous  pendant  deposit  formed 
on  the  roofe  of  limestone-caverns,  vaults,  bridges^  Ac ;  while  the 
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water  firom  which  the  hanging  lime-icicles  are  derived  drips  to  the 
floor,  and  on  farther  evaporation  there  gives  rise  to  the  crust-like 
doDosit  known  as  stalagmite.  Mr.  Sorbj  has  shown  that  in  the 
calcaieons  depoeits  from  fresh  water  there  is  a  constant  tendency 
towards  the  production  of  caicite  crystals  with  the  principal  axis 
perpendicolar  to  the  sarface  of  deposit.  Where  that  surface  is 
car7ed»  there  is  a  radiation  or  divergence  of  the  fibre-like  crystals. 
This  is  well  seen  in  section?  of  stalactites  and  of  some  calcareous 
tofiis  (Fig.  100). 

Oolite. — ^A  granular  limestone,  in  which  the  grains  are  more  or 
less  perfectly  spherical,  giving  the  aspect  of  fish-roe.  Each  grain 
consists  of  successive  concentric  coats  of  carbonate  of  lime  formed 
round  some  minute  grain  of  sand  or  other  foreign  body  which  was 
kept  in  motion,  so  that  all  sides  could  in  turn  become  encrusted. 
Oolitic  grains  of  this  character  are  now  forming  in  the  springs  of 
Carlsbad  (Sprudelstein) ;  but  they  may  no  douot  also  be  proouced 
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where  gentle  currents  in  lakes  or  partiallv  enclosed  areas  of  the  sea 
keep  grains  of  sand  or  fragments  of  shells  drifting  along  in  water, 
which  is  so  charged  with  lime  as  to  be  ready  to  deposit  it  upon 
any  suitable  sur&ce.  Where  the  individual  grains  of  an  oolitic 
limestone  are  as  large  as  peas,  the  rock  is  called  a  pisolite. 

Marble  (granular  limestone). — A  crystalline-granular  aggregate 
oompoeed  of  crystalline  caicite  ^anules  of  remarkably  uniform 
size,  each  of  which  has  its  own  independent  twin  lamellse  (often 
giving  interference  colours)  and  cleavage  lines.  This  characteristic 
structure  is  well  displayed  when  a  thin  slice  of  ordinary  statuary 
marble  is  placed  under  the  microscope  (Fig.  16).  Typical  marble 
18  white,  but  also  yellow,  grey,  blue  and  red ;  or  streaked  and 
mottled.  Its  granular  structure  gives  it  a  resemblance  to  loaf- 
sagar,  whence  the  term  ''  saccharoid  "  applied  to  it.  Fine  silvery 
scales  of  mica  or  talc  may  often  be  noticed  even  in  the  purest 
marble.  Some  crystalline  limestones  associated  with  gneiss  and  schist 
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are  peculiarly  rich  in  mineraLs, — arnica,  garnet,  tremollte,  actinolite, 
anthophyllite,  zoisite,  yesuvianite,  and  many  other  species  occurring 
there  often  in  great  abundance.  Many  varieties  of  colour  and 
texture  occur  among  these  limestones,  as  may  be  seen  in  the 
numerous  kinds  of  ornamental  marble. 

Marble  is  regarded  by  most  geologists  as  a  metamorphic  rock, 
that  is,  one  in  which  the  calcium  carbonate,  whether  derived  from  an 
organic  or  inorganic  source,  has  been  entirely  recrystaUized  in  tiiu. 
In  the  course  of  this  change  the  original  clay  sand  or  other 
impurities  of  the  rock  have  been  also  crystallized,  and  now  appear 
as  the  crystalline  silicates  just  referred  to.  Marble  occurs  in  beds 
and  lar^e  lenticular  masses  associated  with  crystalline  schists  on 
many  different  geological  horizons.  In  Canada  it  occurs  of  Lauren- 
tian ;  in  Scotland  of  Lower  Silurian ;  in  Utah  of  Upper  Carbon- 
iferous ;  in  Southern  Europe  of  Jurassic  age. 
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Dolomite  (Magnesian  Limestone)  consists  typically  of  a  yellow 
or  white  crystalline  massive  aggregate  of  the  mineral  oolomite ;  bot 
the  relative  proportions  of  the  calcium  and  magnesium  carbonates 
vary  indefinitely,  so  that  every  gradation  can  be  found,  from  pure  lime- 
stone without  magnesium  carbonate  up  to  pure  dolomite  containing 
45-65  per  cent  of  that  carbonata  Ferrous  carbonate  is  also  of  common 
occurrence  in  this  rock.  The  texture  of  dolomite  is  usually  distinctly 
crystalline,  the  individual  crystals  being  occasionally  so  loosely  held 
together  that  the  rock  readily  crumbles  into  a  crystalline  sand.  A 
fissured  cavernous  structure  is  of  common  occurrence;  even  in 
compact  varieties  cellular  spaces  occur  lined  with  crystallized  dolomite 
(Rauchwacke),  the  crystals  of  which  are  often  hollow  and  sometimes 
enclose  a  kernel  of  calcite.  Other  varieties  are  built  up  of  snheriwJ, 
botryoidal  and  irregularly-shaped  concretionary  massea  Dolomite 
in  its  more  typical  forms  is  distinguishable  from  limestone  by  its 
greater  hardness  (3*5 — 4-5),  higher  specific  gravity  (2'8— 2*95),  and 
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much  less  solubility  in  hydrochloric  acid.  It  occurs  sometimes  in 
beds  of  original  deposit  associated  with  gypsum,  rocknsalt  and  other 
results  of  the  evaporation  of  saturated  saline  waters;  it  is  also 
found  replacing  what  was  ouce  ordinary  limestone.  This  process, 
in  which  carbonate  of  h'me  is  replaced  by  carbonate  of  magnesia,  is 
known  as  dolamiiization  (see  Book  III.,  Part  L,  Section  iy.,  §  ii.).^ 
Dolomite  forms  huge  mountain  masses,  as  in  the  Dolomite  Mountains 
of  the  Eastern  Alps. 

Gypsnm. — A  fine  granular  to  compact,  sometimes  fibrous  or 
sparry  a^regate  of  the  mineral  gypsum,  haying  a  hardness  of  only 
1*5 — 2  ^erefore  scratched  with  tne  nail),  and  unalSected  by  acids ; 
hence  readily  distinguishable  from  lime^one,  which  it  occasionally 
resembles.  It  is  normally  white,  but  may  be  coloured  grey  or 
brown  by  an  admixture  of  clay  or  bitumen,  or  yellow  and  red 
by  being  stained  with  iron  oxide.  It  occurs  in  beds,  lenticular 
intercalations  and  strings,  usually  associated  with  beds  of  red  clay, 
iock-salt|  or  anhydrite,  in  formations  of  many  yarious  geological 
periods  from  the  Silurian  (New  York)  down  to  recent  times.  The 
Triassic  gypsam  deposits  of  Thuringia,  Hanoyer  and  the  Hans  haye 
long  been  famous.  One  of  them  runs  along  the  south  flank  of  the 
Hara  Mountains  as  a  great  band  six  miles  long  and  reaching  a 
height  of  sometimes  430  feet. 

Gypsum  famishes  a  good  illustration  of  the  many  different  ways 
in  which  some  mineral  substances  can  originate.  Thus  it  may  be 
prodoced,  Ist^  as  a  chemical  precipitate  from  solution  in  water,  as 
when  sea-water  is  eyaporatea;  2nd,  through  the  decomposition  of 
snlphides  and  the  action  of  the  resultant  sulphuric  acid  upon  lime- 
stone; 3rd,  through  the  mutual  decomposition  of  carbonate  of  lime 
and  sulphates  of  iron,  copper,  ma^esia,  &c. ;  4th,  throu£:h  the 
hydration  of  anhydrite ;  5tn,  through  the  action  of  tiie  sulphurous 
rapours  and  solutions  of  yolcanic  orifices  upon  limestone  and  cal- 
careous rocks.^  It  is  in  the  first  of  these  ways  that  the  thick  beds 
of  gypsum  associated  with  rock-salt  in  many  geological  formations 
hare  been  formed.  The  first  mineral  to  appear  in  the  eyaporation 
of  sea-water  being  gypsum,  it  has  been  precipitated  on  the  floors  of 
inland  seas  and  saline  lakes  before  the  more  soluble  salts. 

Anhydrite. — ^The  anhydrous  yariety  of  calcium  sulphate  occurs 
in  saliferous  deposits,  but  is  less  frequent  than  gypsum,  into  which  it 
passes  by  taking  up  0*2625  of  its  weight  of  water.* 

Ironstone. — ^Under  this  general  term  are  included  a  number  of 
iron  ores  in  which  the  peroxide,  protoxide  and  carbonate  enter  in 
various  mixtures  with  clay  and  other  impurities.  They  haye 
generally  been  deposited  as  chemical  precipitates  on  the  bottoms  of 

'  Oq  the  miDeralogical  nature  of  dolomite  see  O.  Meyer,  Z,  DeuUch  GeoL  Chs,  xzxi. 
^  445.  Loretz,  op.  cU.  xxx.  p.  887,  xxxi.  p.  756. 

*  Botb.  Oiem,  GeoL  i.  p.  553. 

*  See  G.  Bo0e  on  fomifttion  of  this  rock  in  presence  of  a  solution  of  chloride  of 
•odium.  Neua  Jahrb.  Min,  1871,  p.  932.  Also  Bischof,  Chem,  und  Phy$.  Geol  Buppl. 
(18Tl)p.l88. 
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lakes,  nnder  marshy  gronndy  or  within  fissures  and  cavities  of  rocks. 
Some  of  the  iron  ores  might  be  placed  with  the  schistose  rocks; 
but  they  are  taken  here  for  convenience. 

Hsdmatite  (red  iron-ore),  a  compact,  fine-grained,  earthy,  or 
fibrous  rock  of  a  blood-red  to  brown-red  colour,  but  where  most 
crystalline,  steel-grey  and  splendent,  with  a  distinct  cherry-red 
streak.  Consists  of  anhydrous  ferric  oxide,  but  usually  is  mixed  with 
clay,  sand,  or  other  ingredient,  in  such  varying  proportions  as  to 
pass,  by  insensible  gradations,  into  ferruginous  clays,  sands,  quarts, 
or  jasper.  Occurs  as  beds,  huge  concretionary  masses,  and  venis 
traversing  crystalline  rocks ;  sometimes,  as  in  Westmoreland^  filling 
up  cavernous  spaces  in  limestone. 

Limonite  (brown  iron-ore),  an  earthy  or  ochreous,  compact, 
fine-grained  or  fibrous  rock  of  an  ochre  yellow  to  a  dark-brown  colour, 
distinguishable  from  hsematite  by  being  hydrous  and  giving  a 
yellow  streak.  Occurs  in  beds  and  veins,  sometimes  as  the  result 
of  the  oxidation  of  ferrous  carbonate,  also  abundantly  on  the  fioors 
of  some  lakes  and  under  marshy  soil,  where  it  forms  a  hard  brown 
crust  upon  the  impervious  subsoil  (bog  iran-^nre).  Found  like- 
wise in  oolitic  concretions  sometimes  as  large  as  walnuts,  con- 
sisting of  concentric  layers  of  impure  limonite  with  sand  and  clay 
(Bohnerz).    See  p.  174,  and  Book  IIL  Part  IL  Section  iiL 

Spathic  Iron-ore,  a  coarse  or  fine  crystalline  aggregate  of 
the  mineral  siderite  or  ferrous  carbonate,  usually  with  carbonates  of 
calcium,  manganese  and  magnesium ;  has  a  prevalent  yellowish  or 
brownish  colour,  and  when  I'resh,  its  rhombohedral  cleavage  fiu^es 
show  a  pearly  lustre,  which  soon  disapp^rs  as  the  surface  is  oxidised 
into  Umouite.  Occurs  in  beds  and  veins,  especially  among  older 
geological  formations.  The  colossal  Erzberg  at  Eisenerz  in  Styria, 
which  rises  2600  feet  above  the  valley,  consists  almost  wholly  of 
siderite.^ 

Clay-ironstone  (Sphaerosiderite),  a  dull  brown  or  black  com- 
pact form  of  siderite  with  a  variable  mixture  of  clay,  and  usually 
also  of  or^nic  matter.  Occurs  in  the  Carboniferous  and  other 
formations  in  the  form  either  of  nodules,  where  it  has  usually  been 
deposited  round  some  organic  centre,  or  of  beds  interstratified  with 
dudes  and  coals.  It  is  more  properly  described  at  p.  175,  with  the 
organically  derived  rocks. 

Magnetic  iron-ore,  a  granular  to  compact  aggregate  of 
magnetite,  of  a  black  colour  and  streak,  more  or  less  perfect  metallic 
lustre,  and  strong  magnetism.  U.  5*5  to  6'5,  Gr.  4*9  to  0*2.  Commonly 
contains  admixtures  of  other  minerals,  notably  of  hiematite,  chrome- 
iron,  titanic-iron,  pyrites,  chlorite,  quartz,  hornblende,  garnet,  epidote, 
felspar.  Occurs  in  beds  and  enormous  lenticular  masses  (Stocks) 
among  crystalline  schists.  Thus  among  the  gneisses  of  Norway  lies 
the  iron  mountain  of  Gellivara  in  Luleo,  Lappmar^  16,000  feet  long, 
8000  feet  broad,  and  2000  feet  high. 

>  Zirkal,  Lehrh,  I  p.  84& 
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Silioeons  Sinter  (Greyserite,  Eieselsinter),  the  siliceous  deposit 
made  by  hot  springs,  including  varieties  that  are  crambling  and 
earthy,  compact  and  flinty,  finely  laminated  and  shaly,  sometimes 
doll  and  opaque,  sometimes  translucent,  with  pearly  or  wax^  lustre. 
The  deposit  may  occur  as  an  incrustation  round  the  orifices  of 
eruption,  rising  into  dome  shaped  or  even  columnar  elevations,  or 
bvesdng  leaves  and  stems  of  plants,  shells,  insects,  &c.,  or  hanging 
in  pendent  stalactites  from  cavernous  spaces  which  are  from  time 
to  time  reached  by  the  hot  water.  When  purest,  it  is  of  snowy 
whiteness,  but  is  often  tinted  yellow  or  flesh  colour.  It  consists  of 
lilica  84  to  91  per  cent,  with  small  projportions  of  alumina,  ferric 
oxide,  lime,  magnesia,  and  alkali,  and  m)m  5  to  8  per  cent,  of 
water. 

Flint  (Silex,  Feuerstein). — ^A  grey  or  black  excessively  compact 
rock  with  the  hardness  of  quartz  and  a  perfect  conchoidal  fracture, 
its  splinters  being  translucent  on  the  edges.  Consists  of  an 
intiinate  mixture  of  crystalline  insoluble  silica  and  of  amorphous 
silica  soluble  in  caustic  potass.  Its  dark  colour,  which  can  be 
destroyed  bv  heat,  arises  chiefly  from  the  presence  of  carbonaceous 
matter.  FUnt  occurs  principallv  as  nodules,  dispersed  in  layers 
through  the  upper  chalk  of  England  and  the  north-west  of  Europe. 
It  frequently  encloses  organisms  such  as  sponges,  echini  and  bra- 
chiopods,  and  has  been  deposited  from  sea-water,  at  first  through 
organic  agency,  and  subseouently  by  direct  chemical  precipitation 
nrand  the  already  depositea  silica.  (Book  III.  Part  II.  Section  iii.) 
Chert  is  a  name  applied  to  impure  varieties  of  flint,  other  brittle 
varieties  are  known  as  Jwrnstane,  which,  nnder  the  microscope,  how- 
ever, presents  a  crystalline  structure. 

Some  of  the  other  varieties  of  silica  occurring  in  large  masses  may 
be  classed  as  rocks.  Such  are  jasper,  common  quartz,  and  ferruginous 
quartz.  These  occnr  as  veins  traversing  both  stratified  and  unstrati- 
lied  rocks;  also  as  beds  associated  with  the  crystalline  schists. 
With  them  may  be  grouped  Lydian-sUme,  a  black  or  dark  coloured, 
excessively  compact,  hard,  infusible  rock,  with  splintery  fracture, 
occurring  in  thin,  sharply  defined  bands,  split  by  cross  joints  into 
polygonal  fragments,  which  are  sometimes  cemented  by  fine  layers  of 
quartz.  It  consists  of  a  mixture  of  silica  with  alumina,  carbonaceous 
materials,  and  oxide  of  iron.  It  occurs  in  bauds  in  the  Silurian  and 
later  paLeozoic  formations  interstratified  with  ordinary  sandy  and 
argillaceous  strata.  As  these  rocks  have  not  been  altered  the 
bands  of  Lvdian-stone  may  be  of  original  formation^  though  the 
extent  to  which  they  are  often  veined  with  quartz  shows  that  thej 
have  in  many  cases  been  permeated  by  siliceous  water  since  their 
deposit. 

Quartzi  te  is  a  granular  and  compact  aggregate  of  quartz,  which 
has  been  produced  by  the  metamorphism  of  sandstone.  It  wiU  be 
described  in  connection  with  the  schistose  rocks  among  which  it  so 
frequently  occurs. 
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2.  Schistose  or  Foliated. 

The  Crystalline  Schists  form  a  remarkably  well-defined  series 
of  rocks.  Their  structure  is  crystalline,  but  is  distinguished  &om  that 
of  the  massive  rocks  by  the  possession  of  an  arrangement  into  more 
or  less  closely  parallel  layers  or  folia,  consisting  of  materials  which 
have  assumed  a  crystalline  character  along  these  layers.  The  folia 
may  be  composed  of  only  one  mineral,  but  usually  consist  of  two  or 
more,  which  occur  either  in  distinct,  often  alternate,  laminae  or 
intermingled  in  the  same  layer.     In  some  respects  this  structare 


Fio.  17.— Pbofile  or  a  piece  of  Gnsbb,  SHOwiNa  the  lenticulab  chabjlctbb 
OF  riB  Folia,  natubal  size. 

reflembles  that  of  the  stratified  rocks,  but  is  differentiated  (1)  hj 
a  Drevalent  striking  want  of  continuity  in  the  folia  which,  as  t 
rale,  are  conspicuously  lenticular,  thickening  out  and  then  djring 
away,  and  reappearing  after  an  interval  on  the  same  or  a  different 
plane  (Fi^.  Iv) ;  (2)  by  a  peculiar  and  very  characteristic  wdding 
of  the  foiia  into  each  other,  the  crystalline  particles  of  one  layer 
being  so  intermingled  with  those  of  the  layers  above  and  below  it  that 
the  whole  coheres  as  a  tough  not  easily  fissile  mass ;  (3)  by  a  frequ^ 
remarkable  and  eminently  distinctive  puckering  or  crumpling  of  the 
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folia,  which  becomes  sometimes  so  fine  as  to  be  discernible  only  under 
the  microscope  ^  (Fig.  19),  but  is  often  present  conspicuously  in  hand- 
specimens  (Fig.  18),  and  can  be  traced  in  increasing  dimensions  till  it 
comiects  itself  with  gigantic  curvatures  of  the  strata  which  embrace 
whole  mountains  in  their  sweep.  These  characters  are  sufficient  to 
indicate  a  great  difference  between  schistose  rocks  and  ordinary 
stratified  formations,  in  which  the  strata  lie  in  continuous  flat^  parallel, 
and  more  or  less  easily  separable  layers. 


Pio.  18.— View  of  a  Hand  Speoiubn  of  Oohtobted  MicfA  flornar, 

TW0-THIRD6  NATURAL  81ZB. 


A  rock  possessing  this  crystalline  arrangement  into  separate  folia 
is  termed  a  "schist."  This  word,  though  employed  as  a  general 
designation  to  describe  the  structure  of  all  truly  foliated  rocks,  is  also 
made  use  of  as  a  suffix  to  the  names  of  the  minerals  of  which  some  of 
the  foliated  rocks  largely  consist.  Thus  we  have  "  mica-schist," 
"  chlorite  schist,"  "  hornblende-schist."  If  the  mass  loses  its  fissile 
tendency  owing  to  the  felting  together  of  the  component  mineral  into 

'  On  \he  mieiOBOopio  Biructure  of  the  crystalline  schiflts  see  Zirkel,  Mioroteopioa} 
Petrogrofhff  (vol  vi.  of  King's  ExplareUion  of  ^Oth  PardUel)  1876,  p.  14.  AUport,  <j.  /. 
Otd.  8oe,  XYiii.  p.  407.    Sorby,  op,  oit,  xxxvi.  p.  81. 
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a  tough  coherent  whole,  the  word  rock  is  usually  substituted  for 
schist,  as  in  "  homblende-roct,"  "  actinolite-rock,"  and  so  on.  The 
student  must  bear  in  mind  that  while  the  possession  of  a  foliated 
structure  is  the  distinctive  character  of  the  crystfldUne  schists,  it  is 
not  idways  present  in  every  individual  bed  or  mass  associated  with 
these  rocks.  Tet  the  non-schistose  portions  are  so  obviously  integral 
parts  of  Uie  schistose  series  that  they  cannot  without  great  vio- 
lation of  natural  affinities  be  separated  from  them.  Hence  in  the 
following  enumeration  they  are  included  as  common  accompaniments 
of  Uie  schists.  For  the  same  reason  quartz-rock  is  placed  in  this 
subdivision,  though  it  only  occasionally  shows  a  schistose  structure. 
The  origin  of  the  crystalline  schists  has  been  the  subject  of  long 
discussion  among  geologists.  Werner  held  that,  like  other  rocks  of 
high  antiquity,  they  were  chemical  precipitates  from  a  universal 
ocean.  Mutton  and  his  followers  maintained  that  they  were 
mechanical  aqueous  sediments  altered  by  subterranean  heat.  These 
two  doctrines  in  various  modifications  are  still  maintained  by  opposite 


Fio.  19.— Oqmtobted  MiOACBors-ecHiET,  ab  seen  umukb  the  Micbosoofb 
wira  A  MAGKnnifo  fowxb  of  50  Diahdsbs. 

schools.  Some  schists  are  undoubtedly  altered  sedimentary  rocks, 
and  may  properly  be  termed  ^' met  amorphic."  Whether  this 
has  also  been  the  origin  of  certain  ancient  gneisses  and  schists  under- 
lying the  oldest  fossiliferous  formations  is  less  easily  determined. 
(See  Book  IV.,  Sect.  viii). 

Talc-BchiBt. — ^A  schistose  agRregate  of  scaly  talc^  ofteu  with 
quartz,  felspar,  and  otiier  minerals;  having  an  unctuous  feel,  and 
white  or  greenish  colour.  Occurs  in  beds  associated  with  mica- 
schist  and  clay-slate,  and  frequently  contains  magnetite,  chlorite, 
mica,  kyanite,  and  other  minerals,  including  carbonates.  A  massive 
variety  composed  of  a  finely  felted  aggregate  of  scales  of  talc  with 
chlorite  and  serpentine  is  called  potstone  (Top&tein).  Many  rocks 
have  been  classed  as  talc-schist,  which  contain  no  talc  but  a  hydrous 
mica.    These  are  called  by  Dana  hydro-mica-schists.      Talc-schist 
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m  not  speciaUy  abaDdant,  tboagh  it  occurs  in  considerable  mass  in 
the  Alps  (Mont  Blanc,  Monte  Bosa,  Carinthia,  Ac),  and  is  found  also 
among  the  Apennine  and  Ural  mountains. 

Chlorite-BchiBt. — A  scaly  schistose  aggregate  of  greenish 
chlorite  usually  with  quartz  and  often  with  felspar,  talc,  mica,  or 
magnetite,  the  last-named  mineral  frequently  appearing  in  beautifully 
peitecl  dkseminated  octohedra.  Occurs  with  gneiss  and  other 
schists  in  evenly  bedded  masses. 

Hornblende-schist. — ^A  schistose  mass  of  black  or  dark-green 
hornblende^  but  often  interleaTed  with  felspar,  quartz,  or  mica. 
When  the  schistose  character  disappears  the  mass  becomes  a  horn- 
blende-rock (amphibolite^.  Wnen  the  variety  actinolite  occurs 
instead  of  common  homblenaeit  forms  actinolite-schist.  These 
hornblende  rocks  occur  as  bands  associated  with  gneiss  and  other 
sehistoee  formations.  It  was  suggested  by  the  late  Mr.  Jukes  that 
they  may  possibly  represent  what  were  once  beds  of  hornblendio  or 
aogitic  lava  and  tuff  which  have  been  metamorphosed  together  with 
the  strata  among  which  they  were  intercalated. 

Clay-slate,  argillaceoaa-schiBt  ^Argillite,  Phyllite,  Schiste 
ardoise,  Thonschiefer,  Thonglimmerschiefer).  Under  tnese  names  are 
included  certain  hard  fissile  argillaceous  masses  composed  primarily 
of  compact  clay,  with  usually  minute  flakes  of  mica,  fine  granules  of 
qoartz,  and  frequently  cubes  and  concretions  of  pyrites  as  well  as 
Teins  of  quartz  and  calcite.  The  fissile  structure  is  specially 
characteristic  In  some  cases  this  structure  is  merely  that  of  original 
deposit^  as  is  proved  by  the  alternation  of  fissile  beds  with  bands  of 
hardened  sanostone  or  even  conglomerate.  Such  are  the  argillaceous 
schists  of  the  Scottish  Highlands.  But  in  certain  regions  where 
die  rocks  have  been  much  compressed  the  fissile  structure  of  the 
argillaceous  bands  is  independent  of  stratification,  and  can  be  seen 
traversing  it.  Sorby  has  shown  that  this  superinduced  fissility  or 
'^cleavage"  has  resulted  from  an  internal  rearrangement  of  the 
particles  in  planes  perpendicular  to  the  direction  in  which  the  rocks 
have  heea  compressed  ^See  Book  11.  Section  iv.  §  iii).  In  England 
the  term  ^  slate  ^or  ^  clay-slate  ^  has  generally  been  applied  solely 
to  argillaceous  rocks  possessing  this  deayage-structure.  Those 
where  the  fissility  is  that  of  original  sedimentation  may  be  called 
**  argillaceous  sclusts." 

Microscopic  examination  shows  that  while  some  argillaceous  rocks 
consist  mainly  of  granular  kaolin,  many  cleaved  clay-slates  contain 
a  large  proportion  of  a  micaceous  mineral  in  extremely  minute 
flakes  wmch  in  the  best  Welsh  slates  have  an  a?erage  size  of  ^^'^d 
of  an  inch  in  breadth,  and  -sVinr  ^^  ^^  ^^^^  ^  thickness,  together 
with  very  fine  black  hairs  which  may  be  magnetite.^  Moreover, 
many  clay-slates,  though  to  outward  appearance  thoroughly  non- 
crystalline and  evidentiy  of  fragmental  composition  and  sedimentary 

'  Borbj,  Q.  /.  OedL  8oe,  xxxyi.  p.  68.    See  also  a  paper  on  the  microscopic  Btraoture 
of  HuooiAii  dayslates  bj  A.  Wichman,  op.  eii,  xxxy.  p.  156. 


Digitized  by 


Google 


122  GEOGNOSY.  [Book  IL 

origin,  yet  coDtam,  sometimes  in  remarkable  abundance,  microeoopio 
microliths  and  crystals  of  different  minerals.  These  minute  bodies 
consist  of  yellowish-brown  needles  possibly  of  hornblende,  greenish 
or  yellowish  flakes  of  mica,  also  scales  of  cdcite.  They  are  genenlly 
placed  with  their  long  axes  parallel  with  the  lines  of  fissility.  SmaU 
granules  of  quartz  containing  fluid-cavities,  may  possibly  be  of  dastio 
deriTation,  but  they  show  on  their  surfaces  a  distinct  blendinff  with 
the  substance  of  the  surrounding  rock.^  M.  Benard  has  found  that 
the  Belgian  whetnslate  is  full  of  minute  crystals  of  gamet*  Tet  the 
original  truly  sedimentary  origin  of  day-slate  is  indicated  by  its 
abundant  clastic  granules  and  flakes,  by  the  traces  of  stratifiowoo, 
false-bedding,  ripple-mark,  &c.,  and  by  the  oocurrence  of  included 
orgwic  remains.  Some  microscopic  crystals  may  possibly  have  been 
originally  formed  among  the  muadv  sediment  on  the  sea-floor.  But 
more  probably  they  have  been  subsequently  develoDed  within  the 
rock,  and  represent  incipient  stages  of  the  process  wnioh  has  ended 
in  the  production  of  micarschist  and  gneiss.'  The  development  oi 
crystals  of  chiastolite  and  other  minerals  in  clay  slate  is  frequently 
to  be  observed  round  bosses  of  granite  as  one  of  the  phases  of  contact 
metamorphism. 

A  number  of  varieties  of  day-date  are  recognised.  Roofing* 
slate  (Dachschiefer)  indudes  the  finest,  most  compact,  h<Hno* 
geneous  and  durable  kinds,  suitable  for  roofing  houses  ot  the 
manufacture  of  tables,  chimney-piece^  writing-slates,  &c ;  it  oocois 
in  the  Silurian  and  Devom'an  formations  of  Central  and  Western 
Europe.  Whet-slate,  novaculite,  hone-stone,an  exceedingly 
hard  fine  grained  siliceous  rock,  some  varieties  of  which  derive  their 
economic  value  from  the  presence  of  microscopic  crystals.  Ohiasto- 
lite-slate  (schiste  macl6),  a  day-slate  in  which  crystals  of  chiasto- 
lite have  been  devdoped,  even  sometimes  side  by  dde  with  still 
distinctly  preserved  graptolites  or  other  organic  remains;^  oootirf 
at  Skiddaw,  also  in  Brittany,  the  Pyrenees,  Saxony,  Ncmray, 
Massachusetts,  &c.  Staurolite-slate,  a  micaceous  clay-skte 
with  crystals  of  staurolite ;  occurs  in  the  Pyrenees.  Ottrelite> 
slate  a  dav-slate  marked  by  minute  six-sided  grevish  or  blackish 
green  lamellsB  of  ottrelite ;  occurs  in  the  Ardennes  (where  it  is  said 
to  contain  remains  of  trilobites),  also  in  Bavaria  and  New  England. 
Dipyre-slate  is  full  of  small  crystals  of  dipvra  German  petro- 
grapbers  have  distinguished  by  name  some  other  varieties  charac- 
terised by  different  kinds  of  concretions,  but  to  which  no  special 
designations  have  been  given  in  English.  Knoien$ehie/er  contains 
little  knots  or  concretions  of  a  dark-green  or  brown  fine  granular, 
faintly  glimmering  substance,  of  a  talcose  or  micaceous  natoie^ 
imbeadM  in  a  finely  laminated  matrix  of  a  talo-like  or  mica-like 

1  ZirkeU  Jra.  Be$ehqf.  p.  490. 

*  Aead.  Boy.  B^gigu^  xlL  (1877). 

*  Borby.  loc.  o<t    See  Book  IV.  Part  tU!. 

«  A  good  UiaitradoQ  of  this  MMoUtioQ  if  figured  bj  Kjemlf  in  bit  CMofU  dm 
Sadlieken  mid  Mmeren  Nonoegen,  Plate  xiT.  fig.  246. 
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mineiaL^  In  FrudUselUefer  these  oonoretions  are  like  grains  of  com ; 
in  OarbeMchUfer^  like  caraway  seeds  ;  in  Flechchiefer^  like  flecks  or 
spots.   Some  of  tJiese  rocks  might  be  included  with  the  mica-schists. 

Anthracitic-slate,  Alnm-slate^  dark  carbonaceous  slate 
with  mi]bch  iron  disolphide.  Bands  of  this  nature  sometimes  run 
thion^h  a  clay-slate  region.  The  carbonaceous  material  arises  from 
the  alteration  of  the  remains  of  plants  ffucoids)  or  animals  (fre- 
quently gra^tolites).  The  marcasite  so  aoundantly  associated  with 
these  organisms  decomposes  on  exposure,  and  the  sulphuric  acid 
produced,  uniting  with  the  alumina,  potass,  and  other  bases  of  the 
goRoundin^  rocKs,  gives  rise  to  an  efflorescence  of  alum,  or  the 
deocunposition  produces  sulphurous  springs  like  those  of  Mofiat 

Mica-Bcliist  (Mica-slate). — A  schistose  a^gre^te  of  quartz  and 
mica,  the  relative  proportions  of  the  two  mrner^  varjin^  widely 
6?en  in  tiie  same  mass  of  rook.  Each  is  arranged  in  lenticmar  wavy 
lamineo.  The  quartz  shows  greats  inconstancv  in  the  number  and 
thidmess  of  its  folia.  Frequently  a  layer  of  this  mineral  swells  out 
to  a  thickness  of  an  inch  or  more,  and,  dwindling  rapidly  down  to  a 
mere  thread,  disappears.  The  quartz  often  retains  a  granular 
efaaiBcter  like  that  of  quartz-rcx^k,  no  doubt  indicative  of  its 
original  sedimentary  origin.  The  mica  lies  in  thin  plates,  some- 
times so  dovetailed  into  each  other  as  to  form  long  continuous 
irregular  crumpled  folia,  separating  the  quartz  layers,  and  often  in 
the  form  of  thin  spangles  and  membranes  running  in  the  quartz. 
(Figs.  18  and  19)r  As  the  rock  splits  open  along  its  micaceous  folia, 
the  ouartz  is  not  readily  seen  save  in  a  cross  fracture. 

Muscovite  is  the  usual  mica  in  typical  mica-schist;  but  it  is 
sometimes  replaced  by  biotite.  In  many  lustrous  schists  which  are 
now  found  to  have  a  wide  extent,  the  silvery  foliated  mineral  is 
ascertained  to  be  a  hydrous  mica  (margarodite,  damonrite,  &c.),  and 
not  talc,  as  was  once  supposed.  Tnese,  as  alre^y  stated,  have  been 
named  hydro-mica-schists.  Among  the  accessory  minerals,  samet, 
schorl,  felspar,  hornblende,  kyanite,  staurolite,  chlorite,  and  talc  may 
be  mentioned.  Mica-sdust  readily  passes  into  other  members  of 
the  schistose  fetmily.  B^  addition  of  felspar  it  merges  into  eneiss. 
By  loss  of  quartz  and  mcrease  of  chlorite  it  passes  into  chlorito- 
schist,  and  by  other  gradations  into  quartz-rock,  &c. 

Mr.  Sorby  has  pointed  out  that  thin  slices  of  true  mica-schist 
when  examined  under  the  microscope  show  traces  of  the  original 
grains  of  quartz-sand  and  other  sedimentary  particles  of  which  the 
rock  at  first  consisted.  He  has  also  found  mdications  of  current- 
bedding  or  ripple-drift,  such  as  may  be  seen  in  many  fine  sedimentary 
deposits,  and  he  concludes  that  mica-schist  is  merely  a  crystalline 
metamorphosed  sedimentary  rock.^    Besides   the  original  quartz- 

*  A.  TOQ  Laflanlz,  Nev/es  Jahrb,  fUt  Min,  (1872),  p.  840.  K.  A.  Lomi6d,  Z. 
t^tiOMek,  OtoL  Of,  (1872),  p.  7ft7. 

*  Q.  /.  QtoL  800.  (1863),  p.  401,  and  his  lucent  address  in  yol  xuvi.  (1880),  p.  85. 
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granules  there  has  been  a  subsequent  development  of  qnartz,  partly 
round  these  granules  and  partly  in  indefinite  layers  through  tfaie 
rock. 

Among  theTarieties  of  mica-schist  may  be  mentioned,  Sericite- 
schist,  composed  of  an  aggregate  of  fine  folia  of  the  silky  micaoeoos 
mineral  sericite  in  a  compact  honestone-like  auartz ;  Paragonite- 
schist  where  the  mica  is  the  hydrous  soaa  variety,  paragonite; 
Ma^garoditoHSchist  where  the  mica  is  the  nydrous  form, 
margarodite. 

Mica-schist,  together  with  other  schistose  rocks,  forms  ext^- 
sive  regions  in  Norway,  Scotland,  the  Alps,  and  other  parts  of 
Europe,  and  vast  tracts  of  the  ArchsBan  regions  of  North  America. 
It  is  also  found  encircling  granite  masses  (Scotland,  Ireland,  Ac) 
as  a  metamoiphic  zone  a  mile  or  so  broad,  which  diades  awaj 
into  unaltered  greywacke  or  slate  outside.  In  these  eases  it  is 
unquestionably  a  metamorphosed  condition  of  ordinary  sediment- 
ary strata,  the  change  being  connected  with  the  extmvasation  of 
granite. 

Though  the  possession  of  a  fissile  structure,  showing  abundant 
divisional  surfaces  covered  with  glistening  mica,  is  characteristic  of 
mica-schist,  we  must  distinguish  between  this  structure  and  that  of 
many  micaceous  sandstones  which  can  be  split  into  thin  seams  each 
splendent  with  the  sheen  of  its  mica-flakes.  A  little  examination 
will  show  that  in  the  latter  case  the  mica  has  not  crystallized  in 
situ,  but  exists  merely  in  the  form  of  detached  worn  scales,  which, 
though  lying  on  the  same  general  plain,  are  not  welded  into  each 
other  as  in  a  schist ;  also  timt  the  quartz  does  not  exist  in  folia  but 
in  rounded  separate  grains. 

OneisB,  a  schistose  aggregate  of  orthoclase  (sometimes  also 
oligoclase),  quartz,  and  mica.  It  differs  from  granite  chiefly  in 
the  foliated  arrangement  of  the  minerals.  The  quartz  sometunes 
contains  abundant  liquid  cavities,  in  which  liquid  carbon  dioxide  has 
been  detected.  The  relative  proportions  of  the  minerals,  and  the 
manner  in  which  they  are  grouped  with  each  other,  present  great 
variations.  As  a  rule,  the  folia  are  coarser  and  the  schutose 
character  less  perfect  than  in  mica-schist.  Sometimes  the  quartz 
lies  in  tolerably  pure  bands  a  foot  or  even  more  in  thickness,  with 
plates  of  mica  scattered  through  it.  These  quartz  layers  may  be 
replaced  by  a  crystalline  mixture  of  quartz  and  felspar,  or  the 
felspar  will  take  the  form  of  independent  lenticular  folia,  while  tbe 
laminae  of  mica  which  lie  so  abundantly  in  the  rock,  give  it  its  fissile 
structure.  Among  the  accessory  minerals,  garnet,  tourmaline  or 
schorl,  hornblende,  apatite,  graplute,  pyrites,  and  magnetite  may  be 
enumerated.' 

Many  varieties  of  gneiss  occur,  some  distinguished  by  peculiarities 
of  structure,  as  where  the  rock  is  very  fissile,  or  where  it  becomes 
granular  or  granitic;  others  by  special  minerals,  as  mica-gneisty 
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wbich  18  the  normal  type ;  harnblende-gneisSy  where  hornblende  takes 
the  place  of  mica;  eordierUe-gneiss,  with  biotite  and  blueish  cor- 
dierite;  proioffine-gneiss^  where  the  mica  is  replaced  by  talc. 
Like  mica-schisty  gneiss  occurs  in  vast  bedded  masses  which 
ooonpy  a  large  snace  in  re^ons  where  the  older  geological  formations 
come  to  the  surface.  Varieties  of  it  are  also  found  in  the  meta- 
morphic  zone  encircling  some  masses  of  granite.  So  coarse  is  the 
texture  of  many  gneisses  that  they  cannot,  in  hand-specimens  nor 
OTen  in  large  blocks,  be  certainly  discriminated  from  granite.  In 
8Qch  cases  it  is  only  by  examination  in  the  field  and  the  detection  of 
dear  eyidence  of  a  general  foliated  structure  that  their  true  character 
can  be  determined. 

An  interesting  and  important  rock  is  met  with  in  some  regions  of 
gneiss  and  schist^  yiz.,  a  BchiBtose  conglomerate^  in  which  pebbles 
of  quartz  and  other  materials  from  less  than  an  inch  to  more  than 
a  foot  in  diameter  are  imbedded  in  a  foliated  matrix.  Examples  of 
this  kind  are  found  in  the  pass  of  the  TSte  Noire  between  Martigny 
and  Chamouni,  in  north-west  Ireland,  in  the  islands  of  Bute,  IsTay, 
Oarrelloch,  and  different  parts  of  Argyllshire.  The  pebbles  are 
not  to  be  distinguished  from  the  ordinary  water-worn  blocks  of  true 
conglomerates;  but  the  original  matrix  which  encloses  them  has 
been  so  altered  as  to  acquire  a  micaceous  foliated  structure,  and  to 
wrap  the  pebbles  round  as  with  a  kind  of  glaze.  These  facts,  like 
those  alr^y  referred  to  in  the  microscopic  structure  of  mica-schist, 
are  of  considerable  value  in  regard  to  the  theory  of  the  origin  of 
the  crystalline  schists. 

Orannlite  (Leptynite,  Eurite  schistoide,  Weiss-stein).^ — A  schistose 
aggregate,  consisting  mainly  of  orthoclase  and  quartz,  with  red 
garnet  and  some  ^anite;  is  by  some  petrographers  classed  as 
an  eruptive  rock  with  the  granites.  It  occurs  in  well-defined 
foliated  beds  associated  with  gneiss  and  other  crystalline  rocks  in 
Saxony,  where  several  varieties  of  the  rock  have  been  observed, 
one  of  which  consists  of  diallage,  triclinic  felspar,  quartz,  garnet, 
and  biotite. 

A  few  other  CTystalline  rocks,  found  in  comparatively  small  quan- 
tity, associated  with  the  crystalline  schists,  may  be  mentioned  here. 
—Garnet-rock,  a  crystalline-granular  aggregate  of  garnet,  horn- 
bloide,  and  magnetite;  kyanite-rock,  a  mixture  of  blue 
kyanite,  red  garnet,  green  smaragdite,  and  silver-white  mica; 
eclogite  (omphacite-rock),  composed  of  grass-green  smaragdite 
and  red  garnet;  kinzigite,  of  mica,  garnet,  and  a  triclinic  felspar. 

The  chemical  comnosition  of  some  normal  varieties  of  schistose 
rocks  is  here  appended;  but  the  proportions  of  the  constituents 
▼ary  considerably  m  different  examples  of  the  same  rock. 

*  Miohd-L^,  a».,  BuU.  8oc  Qkl  FroMe,  Srd  aer.  ii.  pp.  177, 189,  iii.  p.  2A7,  W.  p.  730, 
▼iii.  p.  14.  Boheerer,  Nemt  Jahrb.  1878,  p.  678.  Dathe,  Z.  DeuUeh.  OtoL  Oe$.  1877, 
p^  374.  Deteili  wiU  be  found  in  the  ezplanatorj  pamphlets  published  with  the  sheets  of 
the  Qeologieal  Sarrey  of  Saxony,  espeoiaUy  those  of  sections  Bochlitz,  Geringswalde, 
sttdWaldheinL 
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Quarts-rook,  Quartsite,  thongh  not  properly  a  schistose  rock, 
nuiy  be  most  conyeniently  considered  here,  as  it  is  so  constant  an 
accompaniment  of  the  schists,  and,  like  them,  can  often  be  directly 
traced  to  the  alteration  of  former  sedimentary  formations.  It  is  a 
giannlar  to  compact  mass  of  qnartz,  generally  white,  sometimes 
yellow  or  red,  with  a  characteristic  lustrous  fracture.  It  occurs  in 
thin  and  thick  beds  in  association  with  schists,  sometimes  in  con- 
tinaous  masses  several  thousand  feet  thick.  In  Scotland  it  forms 
rao^  of  mountains,  and  is  there  frequently  accompanied  with  sub- 
ordmate  beds  of  limestone,  which  in  Sutherlandshire  contain  Lower 
Silurian  fossils. 

Eyen  to  the  naked  eye,  the  finely  granular  or  arenaceous  structure 
of  quartz-rock  is  distinctly  yisible.  Microscopic  examination  shows 
this  structure  still  more  clearly,  and  leaves  no  doubt  that  the  rock 
originally  consisted  of  a  tolerably  pure  quartz-sand,  which  has  been 
metamorphosed  by  pressure  and  the  transfusion  of  a  siliceous  cement 


Fio.  20.— MiGBOBOono  Stbuotubb  or  Quabts-bock. 

into  an  exceedingly  hard  mass.  This  cement  was  probably  pro- 
duced by  the  solvent  action  of  heated  water  upon  the  quartz  grains, 
which  seem  to  shade  off  into  each  other,  or  into  the  intervening 
silica.  It  is  owing,  no  doubt,  to  the  purely  siliceous  character  of 
the  grains  that  the  blending  of  these  with  the  surrounding  cement 
is  80  intimate,  that  the  rock  often  assumes  an  almost  flinty  homo- 
geneous texture.  That  quartzite  as  here  described  is  an  original 
sedimentary  rock,  and  not  a  chemical  deposit,  is  shown  not  only  by 
its  granular  texture,  but  by  the  exact  resemblance  of  all  its  leading 
features  to  ordinary  sandstone — false-bedding,  alternation  of  coarser 
and  finer  layers,  worm-burrows,  and  fucoid-casts.  The  lustrous 
fracture  which  distin^ishes  this  rock  from  sandstone  is  due  to  the 
exceedingly  firm  cohesion  of  the  component  grains  which  break 
across  rather  than  separate,  and  to  the  consequent  production  of 
innumerable  minute  clear  vitreous  surfaces  of  quartz.  A  sandstone, 
on  the  other  hand,  has  its  grains  so  loosely  coherent,  that  when  the 
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rock  is  broken  the  fracture  passes  between  them,  and  the  new  snr&ce 
obtained  presents  innomeraole  doll  rounded  grains. 

Besides  occurring  in  alternation  with  schists,  quartzite  is  also 
met  with  locally  as  an  altered  form  of  sandstone,  which  when  tra- 
versed by  igneous  dykes  is  indurated  for  a  distance  of  a  few  inches 
or  feet  m>m  the  intrusiTe  mass.  These  local  productions  of  quartxite 
show  the  characteristic  lustrous  fracture,  and  have  not  yet  been 
distinguished  by  the  microscope  from  the  quartz-rock  of  wide 
metamorphic  regions.  There  is  yet  another  condition  under  which 
this  rock  or  one  of  analogous  structure  may  be  seen.  Highly 
silicated  bands,  haying  lustrous  aspect,  fine  grain,  and  great  hard- 
ness, occur  among  the  unaltered  shales  and  other  strata  of  the  Car- 
boniferous system.  In  sach  cases,  the  supposition  of  any  general 
metamorphism  being  inadmissible,  we  may  infer  either  that  these 
quartzose  bands  have  been  indurated,  for  example,  by  the  passage 
through  them  of  thermal  silicated  water,  or  that  they  are  an  origiiuil 
formation. 

Schistocie  Quartzite  (Quartz-schist). — ^The  gradation  from  quartz- 
rock  into  the  various  schists  can  be  traced  in  almost  any  region  of 
metamorphic  rocks.  It  is  perfectly  analogous  to  the  passage  of 
sandstone  into  shales  and  other  sedimentary  formations.  The 
Highlands  of  Scotland  consist  in  lar^e  measure  of  rocks  which  are 
not  properly  either  mica-schist  or  ordinary  quartz-rock.  Consistinff 
of  granular  quartz,  with  abundant  paraUel  laminas  of  mica,  and 
capable  of  bein^  split  into  thick  or  thin  flagstones,  they  may  be 
called  quartz-schists.  They  were  evidentlv  at  first  sandstones,  with 
interleaved  seams  of  fine  mud.  The  sand  has  been  converted  into 
quartzite,  and  the  ar^llaceous  layers  have  passed  into  various 
micaceous  minerals.  Endless  varieties  in  the  relative  proportions 
of  these  inCTedients  may  be  obseryed. 

ItacoTumite. — A  schistose  quartzite,  in  which  the  quarts- 
granules  are  separated  by  fine  scales  of  mica,  talc,  chlorite,  and 
sericite.  Occasionally  these  pliable  scales  are  so  arranged  as  to  give 
a  certain  flexibility  to  the  stone  (flexible  sandstone).  This  rock 
occurs  in  the  south-eastern  states  of  North  America,  also  in  Brazil, 
as  the  matrix  in  which  diamonds  are  found. 

Halleflinta  (Helleflinta). — ^An  exceedingly  compact  felsitic  grey, 
yellowish,  greenish,  brownish,  or  black  rock,  composed  of  an  intimate 
mixture  of  microscopic  particles  of  felspar  and  quartz,  with  fine 
scales  of  mica  and  chlonte.  It  breaks  with  a  splintery  or  con- 
choidal  fracture,  presents  under  the  microscope  a  finely-crystalline 
Btructare,  and  is  only  fusible  in  fine  splinters  before  the  blow-pine. 
Though  externally  presenting  a  resemblance  to  felsite,  one  of  the 
massive  rocks,  it  occurs  in  IMls  so  intimately  associated  with  the 
gneisses  of  Norway,  that  it  has  probably  been  produced  by  the  same 
series  of  changes  that  gave  rise  to  the  crystallme  schists. 

Porphsrroid. — A  name  bestowed  upon  certain  rocks  composed  of 
a  felsite-like  ground-mass  which  has  assumed  a  more  or  less  schistose 
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structure  from  the  development  of  micaceous  scales,  and  which 
contaiiis  porphyritically  scattered  crystals  of  felspar  and  quartz. 
The  felspar  is  either  orthoclase  or  albite,  and  may  be  obtained  in 
tolerably  perfect  crystals.  The  quartz  occasionally  presents  doubly 
termioated  pyramids.  The  micaceous  mineral  may  be  para^nite 
or  sericite.  Porphyroid  occurs  among  the  schistose  rocks  of 
Saxony/  in  the  palaBozoic  area  of  the  Ardennes,'  as  well  as  in  West- 
phalia and  other  parts  of  Europe. 

Before  passing  from  the  schistose  series  of  rocks,  the  student  will 
observe  that  the  disappearance  of  the  schistose  structure  produces  a 
crystalline  amorphous  compound.  In  gneiss,  for  example,  the  same 
minerals  which  form  granite  have  crystallized  in  a  foliated  manner. 
Any  process,  such  as  irregular  internal  motion  of  the  mass  that 
could  change  the  schistose  structure  of  gneiss  into  the  massive 
stmcture  of  granite,  would  ^?e  rise  to  a  rock  which,  whatever  its 
previous  history  might  have  oeen,  might  not  be  distinguishable  from 
granite.  On  the  other  hand,  any  internal  rearrangement  which 
coold  produce  a  foliated  structure  within  a  mass  of  granite,  would 
present  a  rock  that  would  deserve  the  name  of  gneiss.  That  such 
mtemal  transformations  have  taken  place  among  the  crystal- 
line schists  and  some  granites  and  other  eruptive  rocks  can  hardly 
be  doubted.  And  thus,  at  the  one  end  of  the  schistose  series,  we 
find  rocks  in  which  an  original  sedimentary  character  remains  un- 
mistakable ;  while  at  the  other,  after  many  intermediate  stages  of 
progressively  augmenting  crystallization,  we  encounter  thoroughly 
cry^alline  amorphous  masses  like  granite  and  syenite,  which  should 
be  placed  among  the  massive  rockis.  This  arrangement  no  doubt 
correctly  represents  what  has  been  a  real  cycle  of  alteration  among 
rocks.  Semmentary  deposits  have  been  gradually  changed  and 
crystallized.  These  metamorphosed  products,  by  upheaval  and 
exposure  at  the  surface,  have  a^ain  oeen  reduced  to  sediment, 
{>erhaps  once  more  to  pass  through  the  same  succession  of  altera- 
tions and  to  become  yet  again  crystalline. 

3.  Massive   Rocks. 

This  important  sub-division  is  nearly  coincident  with  what  is 
embraced  by  the  old  and  useful  terms  Igneous  or  Eruptive  Rocks. 
Almost  the  whole  of  its  members  have  been  produced  from  within 
fte  crust  of  the  earth,  in  a  molten  or  at  least  in  a  pasty 
condition.  Nearly  all  consist  of  two  or  more  minerals.  Considered 
&om  a  chemical  point  of  view,  they  may  be  described  as  mixtures 
in  different  proportions  of  silicates  of  alumina,  msignesia,  lime, 
potash,  and  soda,  usually  with  magnetic  iron  and  phospate  of  lime. 
In  one  series  the  silicic  acid  has  not  been  more  than  enough  to 
combine  with  the  different  bases ;  in  another  it  occurs  in  excess  as 
&ee  quartz.    Taking  this  feature  as  a  basis  of  arrangement,  some 

^  Boihpletz,  (?eoL  Survey  Saxony,    Explanation  of  ^eotion  Bochlitz. 
*  De  la  Yall^  PouBbia  and  Benaxd,  Mem.  Cour<mn4e$  Aead,  Boy.  Belg.  1876,  p.  85. 
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petroeraphers  have  proposed  to  divide  the  rocks  into  an  acid  gronp, 
including  such  rocks  as  granite, xjuartz-porphyry  and  qnartz-tradiyte, 
where  the  percentage  of  silica  ranges  from  60  to  75  or  more,  and  a 
basic  group,  typified  by  soch  rocks  as  lencite-lava  and  basalt,  where 
the  proportion  of  silica  is  only  about  50  per  cent 

In  the  vast  majority  of  igneous  rocks  the  chief  silicate  is  a  felspar 
— the  number  of  rocks  where  the  felspar  is  represented  by  another 
silirate  (as  leucite  or  nepheline)  being  comparatively  few  and  unim- 
portant. As  the  felspars  group  themselves  into  two  divisions,  the 
monoclinic  or  orthoclase,  and  the  trielinic  or  plugioclase,  the  former 
with,  on  the  whole,  a  preponderance  of  silica ;  and  as  these  minerals 
occur  under  tolerably  distinct  and  definite  conditions,  it  is  cus- 
tomary to  divide  the  felspar-bearing  massive  rocks  into  two  series, 
— (1)  the  orthoclase  rocks,  having  orthoclase  as  their  chief  silicate, 
and  often  with  free  silica  in  excess,  and  (2^  the  plagioclase  rocks, 
where  the  chief  silicate  is  some  species  ot  trielinic  felspar.  The 
former  series  corresponds  generally  to  the  acid  group  above 
mentioned,  while  the  plagioclase  rocks  are  on  the  whole  aecidedly 
basic.  It  has  been  objected  to  this  arrangement  that  the  so-called 
plagioclase  felspars  are  in  reality  very  distinct  minerals,  with 
proportions  of  silica,  ranging  from  43  to  69  per  cent ;  soda  from  0  to 
12 ;  and  lime  from  0  to  2QJ  But  the  state  of  minute  subdivision  in 
which  the  minerals  occur  in  most  massive  rocks,  makes  the  deter- 
mination of  the  species  of  felspar  so  difficult  that  the  term  plagio- 
clase is  of  ereat  service  as  at  least  a  provisional  term  under  which  to 
unite  the  lelspars  that  crystallize  in  tricb'nic  forms.  In  addition  to 
the  felspar-rocks,  there  must  be  noted  those  in  which  felspar  is  either 
wholly  absent  or  sparingly  present,  and  where  the  chief  part  in  rock- 
making  has  been  taken  by  nepheline,  leucite,  olivine,  or  serpentine. 

From  the  point  of  view  of  internal  structure  a  classification  based 
upon  microscopic  research  has  recently  been  proposed  by  MM. 
Ix)uqu^  and  Michel-L^vy.  These  writers,  pointmg  out  that  most 
eruptive  rocks  are  the  result  of  successive  stages  of  crystallization 
eacn  recognizable  by  its  own  characters,  affirm  that  two  phases  of 
consolidation  are  specially  to  be  observed,  the  first  marked  by  the 
formation  of  large  crystals  which  were  often  broken  and  corroded 
by  mechanical  and  chemical  action  within  the  still  unsolidified 
magma ;  the  second  by  the  formation  of  smaller  crystals,  crystal- 
lites, d:c.,  which  are  moulded  round  the  older  series.  In  some  rocks 
the  former,  in  others  the  latter  of  these  two  phases  is  alone  present 
Two  leading  types  of  structure  are  recognized  among  the  eruptive 
rocks.  I.  Uranitoid,  where  the  constituents  are  mainly  those  of 
the  second  epoch  of  consolidation,  but  where  neither  amorphoos 
magma,  nor  crystallites  are  to  be  seen.  This  structure  includes 
three  varieties,  (a)  the  granitoid  proper,  having  crystals  of  ap- 

*  Dana,  Amer,  Jour.  Sei.  1S78.  p.  432.  Tbif  article  oontaint  a  trenobanl  eriMm 
of  modeni  litbolofriail  daMiflcatinn.  8ee  on  the  subject  of  the  retention  of  the  tM 
'<  pla«kida«e,"  Boimej,  OeoL  Mag,  1879,  p.  200. 
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proximately  eaual  size ;  (5)  pegnuUoid,  where  there  has  been  a  simul- 
taneoos  crystallization  and  regular  arrangement  of  two  constituents ; 
(e)  ophiiiCf  in  which  the  felspars  are  ranged  parallel  to  one  of  their 
ciystalline  faces,  forming  a  kind  of  transition  into  microlithic  rocks. 
2.  Trachytoid,  distinguished  by  a  more  marked  contrast  between 
the  crystals  of  the  first  and  second  consolidation,  the  usual  presence 
of  an  amorphous  magma,  and  the  fluxion  structure.  Three  types  are 
Darned,  {a)petro9iliceomy  with  trains  and  spherulites  of  a  finely  clouded 
nibstance  cnaracteristio  of  the  more  acid  rocks;  (b)  microltthiCf  cha- 
racterised bv  the  abundance  of  microliths  of  relspars  and  other 
minerals ;  (e)  vitreous,  derived  from  the  two  foregoing  types  by  the 
predominance  of  the  amorphous  paste.^ 

(1.)  Felspar-bearing  ^Series. 

a.  Orthodase  Rocks. 

a.  Quartssiferous. 

In  this  family  the  silicic  acid  has  been  in  such  excess  as  to 
separate  out  abundantly  in  the  form  of  free  quartz.  Sometimes, 
•8  in  granite,  it  has  not  assumed  a  definitely  crystallized  form,  but 
is  moulded  round  the  other  crystals  as  a  later  stage  of  consolidation. 
In  other  rocks  (quartz-porphyry,  &c.)  it  occurs  as  a  product  of  earlier 
ooDsolidation.  It  often  assumes  perfect  crystallographic  contours, 
occorring  even  in  double  pyramids.     The  texture  of  the  rocks  is 

(1)  cryatalline-granular  (granitoid)  as  typically  developed  in  granite; 

(2)  porphyritic  (trachytoid),  as  in  quartz-porphyry  or  felsite;  (3) 
vitreous,  as  in  pitchstone. 

Oranite.' — ^A  thoroughly  crystalline-granular  admixture  of  fel- 
ipar,  mica,  and  ouartz  in  particles  of  tolerably  uniform  size.  The 
felspar  is  chiefly  wnite  or  pink  orthoclase,  but  triclinic  felspars  (oligo- 
cUse  and  albite)  may  often  be  observed  in  smaller  quantity,  fre- 
Quently  distinguishable  by  their  fine  striation  and  more  waxy  lustre, 
the  mica  may  oe  either  the  potash  or  muscovite  variety,  usually  of  a 
white  silvery  aspect ;  or  may  belong  to  biotite  (magnesian  mica)  or 
lepidomelane,  when  it  is  commonly  dark  brown  or  black.  Br.  Headle 
finds  the  common  mica  of  the  granites  in  the  Scottish  Highlands  to  be 
a  new  variety,  which  he  has  called  haughtonite.  The  quartz  may  be 
observed  to  form  a  kind  of  paste  or  magma  wrapping  round  the  other 
ingredients.  Only  in  cavities  of  the  granite  do  the  component  minerals 
occur  in  independent  well-formed  crystals,  and  there  too  the  accessory 
minerals  (beryl,  topaz,  tourmaline,  &c.)  are  chiefly  found. 

From  a  microBOopio  examination  of  granite  it  was  formerly  in* 

*  Op.eU.p.  150. 

*  On  tha  straoture  of  gimoite  see  the  manuals  of  Zirkel  and  Rosenbusoh  and  the 
Mttoin  ih&n  dted;  also  Zirkers  Miorotoop,  Petrography,  1S76,  p.  39;  Phmips, 
^  /.  OmiL  8oe.  xzzL  p.  330;  xxxyL  p.  1.  J.  0.  Ward,  op.  eit,  p.  569,  and  zzxii  p.  1. 
Kias's  SytiemaHe  Geology  (toL  i.  of  Explor,  ^Oth  ParalM),  p.  Ill,  et  $eq,  liiohel-Uyj, 
ML  goe.  6Sol  Frtmee,  3rd  ser.  iii.  p.  199. 

K  2 


Digitized  by 


Google 


132  GEOGNOSY.  [Book  IL 

ferred  that  the  rock  has  a  thoroughly  ciystalline  structure,  with  no 
macroscopic  ground-mass,  nor  microscopic  base  of  any  kind  between 
the  crystals  or  crystalline  individuals.  More  recent  and  exhaustiye 
study  of  the  subject,  however,  has  led  to  the  conclusion  that  though 
nothing  like  a  vitreous  or  even  porphyritic  ground-mass  can  he 
detected,  there  is  yet  discernible  an  analogous  kind  of  entirely 
crystalline  magma,  in  which  the  crystals  or  crystalline  debris  of 
the  rock  are  embedded,  and  in  which  they  are  partially  dissolved. 
Having  regard  to  the  relations  between  this  magma  and  its  endoeed 
minerals,  M.  Michel-L6vy  has  observed  that  microscopic  examina- 
tion points  to  a  distinction  between  granites  in  which  the  quartz  is 
more  recent  than  the  other  constituents  and  has  consolidated  at 
once,  and  those  in  which  there  are  remains  of  earlier  bi-pyramidal 
quartz.  He  distinguishes  these  two  series  as  (A)  Ancient  granite^ 
composed  of  black  mica,  hornblende,  oligoclase,  and  orthodase, 
forming  a  crystalline  debris  embedded  in  a  more  recent  crystalline 
magma  of  orthoclase  and  quartz.  (B)  Porphyroid  granites,  generally 
finer  in  grain  than  the  preceding,  and  further  distinguished  by 
the  occurrence  of  bi-pyramidal  crystals  of  quartz  (which  made 
their  appearance  between  the  old  felspar  and  the  recent  ortlio- 
clase),  and  of  a  notable  quantity  of  wnite  mica  (rare  among  the 
ancient  granites)  posterior  in  advent  even  to  the  more  recent 
quartz.^ 

Among  the  component  minerals  of  granite,  the  quartz  presenta 
special  interest  under  the  microscope.  It  is  often  found  to  be 
full  of  cavities  containing  liquid,  sometimes  in  such  numbers  as  to 
amount  to  a  thousand  millions  in  a  cubic  inch.  The  liquid  in  these 
cavities  appears  usually  to  be  water  containing  sodium  and  potassium 
chlorides,  with  sulphates  of  these  metals  and  of  calcinm  (p.  96). 

The  mean  of  eleven  analyses  of  granites  made  by  Dr.  Haughton 
gave  the  following  average  composition :  silica,  72*07 ;  alumina, 
14'81 ;  peroxide  of  iron,  2-22 ;  potash,  511 ;  soda,  2-79 ;  lime,  1-63  ; 
magnesia,  0*33 ;  loss  by  ignition,  1*09 ;  totied,  100*05,  with  a  mean 
specific  gravity  of  2*66. 

Most  large  masses  of  granite  present  differences  of  texture  in  dif- 
ferent parts  of  their  area.  In  particular  they  are  apt  to  be  traversed 
by  vems,  sometimes  due  to  a  segregation  of  the  surrounding 
minerals  in  rents  of  the  original  pastv  magma,  sometimes  to  a  pro- 
trusion of  a  less  coarsely  crystalline  (felsitic)  part  of  the  granitic  mass 
into  fissures  of  the  main  rock  {Fis.  21).  Some  of  the  more  important 
of  these  varieties  are  distinguished  by  special  names.  Thus,  where  the 
component  minerals  assume  large  proportions,  as  they  are  specially 
apt  to  do  in  segregation  veins,  the  rock  is  termed  Pegmatite,  the  quartz 
and  felspar  having  crystallized  together  in  masses  often  larger  than 
a  man's  head,  the  mica  also  assuming  the  shape  of  plates  several 
inches  or  even  feet  in  diameter.  Such  coarse-grained  varieties  may 
be  found  here  and  there  in  venous  or  cavernous  spaces  in  the  heart  ctf 

»  BvU.  8oe,  Q4oL  France^  8rd  wr.  iii.  (1876)  p.  199. 
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many  ordinary  granites.  Here  and  there  an  example  may  be  fonnd 
of  a  granite  becoming  fine-grained  bat  containing  large  scattered 
felspar  crystals.  Sach  a  rock  may  be  termed  a  porphyrUio  granite,  or, 
if  tne  ground  mass  be  finely  crystalline  and  tolerably  uniform  in 
texture,  Qranite-porphyry}    One  of  the  most  interestme:  structural 


Fio.  21. — ^Vmr  or  mrvB  Gbaih  TBATSBSDia  ▲  ooAfiSBLT  Cbtstallini  Gbamite. 

Tarieties  is  that  termed  graphic  granite.  It  is  distin^ished  by  the 
manner  in  which  the  quartz  has  assumed  the  shape  of  lon^  imperfect 
columnar  shells,  placed  parallel  to  each  other  and  enclosed  witnin  the 
orthoclase,  so  that  a  transverse  section  bears  some  resemblance  to 
Hebrew  writing.  The  two  minerals  have  crystallised  together  and 
tills  has  taken  place  in  veins.  The  parallelism  of  the  quartz  shells 
seems  to  show  that  there  could  have  been  little  or  no  internal 
movement  of  these  veins  when  the  component  minerals  assumed  their 
crystalline  forms.  Some  granites  abound  in  enclosed  crystalline  con- 
cretions or  fragments.  These  are  sometimes  mere  segregations  of 
the  materials  of  the  granite,  when  they  are  usually  ovoid  in  form  and 
porphyritio  in  structure ;  in  other  cases  they  are  fragments  of  other 
rocxs,  and  are  then  commonly  schistose  in  structure  and  irre^lar 
in  form.'  In  the  centre  as  well  as  round  the  edges  of  large 
boflses  of  granite  the  minerals  occasionally  assume  a  more  or  less 

*  On  granite  porpbyTT  see  Zirkel,  Mieroioop.  Petrog,  p.  60.  Kalkowsky,  Nwm 
/oM.  1S7S,  p.  27^  *  J.  A.  PMUipe,  Q.  J.  GtoL  8oe,  xxxtL  p.  1. 
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perfectly  schistose  arrangement  When  this  takes  ^ace,  the  rock  is 
called  "  gneissose  "  or  gneiss-granite.    (See  Book  iV.  Part  vii.) 

Differences  in  the  proportions  or  nature  of  the  component 
minerals  have  likewise  suggested  distinctive  names.  Of  these  the 
following  are  the  more  important:  Chranitite, — a  mixture  cxf  pink 
orthoclase  and  abundant  oligoclase  with  a  little  quartz  and  soma 
blackish  green  magnesia-mica ;  Protogine, — consisting  of  orthodasey 
oligoclase,  hexagonal  tables  of  a  dark  green  mica,  and  pale  green 
talc,  occurs  among  the  crystalline  rocks  of  the  Alps ;  Syenite-^anUe^ 
— a  rock  in  which  hornblende  is  added  to  the  other  normal  consti- 
tuents of  granite,  is  usually  poorer  in  quartz  than  normal  granite. 
It  derives  its  name  from  Syene  in  Upper  Egypt,  whence  it  was 
obtained  anciently  in  large  blocks  for  obelisks  and  other  architec- 
tural works.  The  well-known  Egyptian  monoliths  are  made  of  it 
Syenite-granite  is  found  in  the  Yo8ges,  at  Piison  in  Bohemia,  in  the 
Pyrenees,  and  in  different  parts  of  Scotland,  notably  in  masses  of 
tertiary  age  which  have  invaded  and  altered  the  Lias  rocks  of  Skye 
and  Biaasay.  It  there  sometimes  assumes  a  porphyry-structure. 
Oranidite  is  by  some  authors  included  among  the  granites  (p.  125). 

Surrounding  large  masses  of  granite  there  are  usually  numerous 
veins  which  consist  sometimes  of  granite  and  sometimes  of  yarieties 
of  quartz-porphyry.    There  can  be  no  doubt  that  these  porphyritio 

Erotmsions  reiaJly  proceed  from  the  crystalline  granite  mass.  Lessen 
as  shown  that  the  Bode  vein  in  the  Harz  has  a  granitoid  centre 
with  compact  porphyry  sides,  in  which  he  found  with  the  microscope 
a  true  glassy  base.^  Sometimes  the  rocks  associated  in  this  way 
with  granite  differ  in  composition  from  the  main  granite.  Thus 
greisen  is  a  granular  aggregate  of  quartz  and  mica  (usually  lepidolite) 
which  by  addition  of  felspar  passes  into  granite ;  Tourmaline'rock  or 
8ohorl-roch,  is  a  crystalline  aggregate  of  quartz  and  black  tournudine 
or  schorl. 

Granite  weathers  chiefly  by  the  decay  of  its  felspars.  Thef  e  are 
converted  into  kaolin,  the  mica  becomes  yellow  and  soft,  while  the 
quartz  stands  out  scarcely  affected.  The  granite  of  the  south-west 
of  England  weathers  to  a  depth  of  twenty  feet  or  more,  so  that  it  can 
be  dug  out  with  a  spade. 

Granite  occurs  (1)  as  an  eruptive  rock,  forming  huge  bosses, 
which  rise  through  other  formations  both  stratified  and  unstratified, 
and  sending  out  veins  into  the  surrounding  and  overlying  rocks, 
which  usually  show  evidence  of  much  alteration  as  Uiev  approach 
the  granite ;  (2^  connected  with  true  volcanic  rocks  (as  m  tlie  case 
in  Skye  just  cited^  and  forming,  perhaps,  the  lower  portions  of 
masses  which  flowea  out  at  the  surface  as  lavas ;  and  (3)  m  the  heart 
of  mountain  chains  and  elsewhere,  interbedded  with  gneiss  and  other 
metamorphie  rocks  in  such  a  manner  as  to  suggest  that  it  is  itself  a 
final  stage  of  metamorphism.  Granite  is  thus  a  decidedly  jluUmic 
rock ;  that  is,  it  has  consolidated  at  some  depth  beneati^  the  surface, 

»  Z  DettUch.  QeU,  Ge$,  xxvL  (1874)  p.  856. 
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and  in  this  respect  differs  from  the  saperficial  volcanie  rocks,  sach  as 
kfas.  which  have  flowed  out  above  ground  from  yolcanic  orifices. 

Qnartz-Porpliyxy  (Quartz-felsite).^ — Under  this  title  are  included 
aeTeral  yarieties  of  rook  which  agree  in  consisting  fundamentally  of 
a  very  fine  grained  felsitic  ground-mass,  composed  mainly  of  ortho- 
clase  and  quartz.  Where  these  minerals  are  crystallized  in  con- 
ipidioQS  forms  the  rock  is  a  quartz-porphifry  (febite-porphyry^  euriie)  ; 
where  the  whole  mass  is  more  homogeneous  and  flinty  in  texture 
it  IB  hfeUUe  or  feUtcne. 

Qaartz-porphyry  is  composed  of  a  compact  ground-mass  through 
which  are  dispersed  crystals  or  crystalime  blebs  of  quartz  and 
crystals  of  orthoclase,  sometimes  of  a  triclinic  felspar,  mica  or  horn- 
blende. Though  to  the  eye  in  fresh  specimens  the  ground-mass  often 
appears  homogeneous  and  almost  flinty  in  texture,  it  generally  presents 
under  the  microecope  the  microfelsitic  structure  already  described 
(p.  104).  Sometimes  the  base  is  found  to  be  distinctly  glassy,  while 
in  other  cases  it  appears  partly  glassy  and  partly  microfelsitic. 
Occasionally  it  assumes  a  more  crystalline  character,  eyen  sometimes 
recalling  the  structure  of  a  fine  grained  granite.  Beautiful  examples 
ofspherulitic  structure  are  occasionally  to  be  obseryed  where  minute 
spherical  concretions  occur  with  an  internal  fibrous  radiating  structure. 
Floxion-strueture  is  well  deyeloped  among  some  of  the  quartz-por- 
^yries  associated  with  the  metamorphic  rocks  of  the  north-east  of 
Dootland. 

The  quartz  occurs  in  imperfect  occasionally  corroded  crystals  or 
Uebs,  but  sometimes  in  perfect  doubly-terminated  pyramids,  yarying 
in  size  from  minute  forms  only  discernible  with  the  microscope,  up 
to  crystals  as  large  as  a  bean.  It  abounds  with  liquid  inclusions. 
The  orUioclase  takes  the  form  of  more  or  less  complete  crystals,  not 
seldom  twinned ;  the  contour  which  its  cross  sections  present  to  the 
eye,  depending  upon  the  angle  at  which  the  individual  crystals  are 
iHsected.  It  is  chiefly  the  dispersed  orthoclaso  which  gives  the  dis- 
tinctively porphyritic  aspect  to  the  rock.  Triclinic  felspar  (believed 
to  be  usually  oligoclase)  also  takes  a  place,  distinguishable  when 
fresh,  by  its  fine  lineation,  but  apt  to  become  dull  and  kaolinized  by 
weathering.  Mica  and  hornblende  are  among  the  most  common  of 
the  minerals  which  accompany  the  two  essential  constituents,  while 
apatite,  magnetite,  and  pynte  are  not  infrequent  accessories. 

The  flesh-red  ouartz-porphyry  of  Dobritz,  near  Meissen,  in 
Saxony,  was  found  by  Bentzsch  to  haye  the  following  chemical 
composition: — Silica,  76*92;  alumina,  12*89;  potash,  4*27;  soda, 
0^ ;  lime,  0*68  ;  magnesia,  0*98  ;  oxide  of  iron,  1'15 ;  water,  1*97 ; 
total,  99-54,— specific  grayity,  249. 

The  colours  of  quartz-porphyry  depend  chiefly  upon  those  of  the 
felspar, — flesh-red,  reddisn-brown,  purple,  yellow,  bluish  or  slate- 
grey,  and  eyen  white,  being  in  different  places  characteristic.    The 
pres^ce  of  much  mica  or  hornblende  gives  dark  grey,  brown,  or 
*  Ziikd,  UicroKop,  Pelrog,  p.  71.    See  partioularly  Boeenbuaob,  Mik,  Phy$,  ii.  p.  50. 
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greenish  tints.  It  will  be  observed  in  this,  as  in  other  rocks  con- 
taining much  felspar,  that  the  colour,  besides  depending  on  the  hue 
of  that  mineral,  is  greatly  regulated  by  the  nature  and  stage  of 
decomposition.  A  rock  weathering  externally  with  a  pale  yellow  or 
white  crust  may  be  found  to  be  quite  dark  in  the  centoJ  undecayed 
portion.  Besides  these  diflerences  of  aspect  arising  from  yarieties  of 
colour,  ground-mass,  &c.,  distinctions  are  to  be  observed  according 
to  the  relative  abundance  and  size  of  the  felspar  crystals,  and  the 
presence  of  mica  (micaceous  quartz-porphyryY  hornblende  {JumMendic 
quartz-^porphyry)^  or  other  accessory  ingredient.  When  the  base  is 
very  compact,  and  the  felspar-crystals  well  defined  and  of  a  difiTerent 
colour  from  the  base,  the  rock  sometimes  takes  a  good  polish,  and 
may  be  used  with  efiect  as  an  ornamental  stone.  In  popular 
language  such  a  stone  is  classed  with  the  ^marbles,"  under  the 
name  of  "  porphyry." 

Closely  related  to  the  <]^uartz-porphyries,  of  which,  indeed,  it  can 
be  regarded  only^  as  a  variety,  comes  the  rock  known  as  dva/n  or 
dvanite.  This  is  a  Cornish  term  for  a  crystalline-granular  mixture 
of  quartz  and  orthoclase,  forming  veins  which  proceed  from  granite, 
or  occur  only  in  its  neighbourhood,  and  are  evidently  associated 
with  it.  It  forms  an  mtermediate  stage  between  granite  and 
quartz-porphyry.* 

F  el  site  (Felstone,  Petrosilex),  a  hard  and  excessively  compact 
flinty-like  rock,  composed  of  an  intimate  mixture  of  quartz  and 
orthoclase.  The  ground-mass  presents  under  the  microscope  a 
structure  like  that  of  quartz-porphyry,  into  which  febite  naturally 
passes  by  the  appearance  of  the  porphyritic  minerals. 

The  quartz-porphyries  and  felsites  occur  ^1)  with  plutonic  rocks, 
as  eruptive  bosses  or  veins,  often  associated  with  granite,  from  which, 
indeed,  as  above  stated,  they  may  be  seen  to  proceed  directly;  of 
frequent  occurrence  also  as  veins  and  irregularly  intruded  masses 
among  highly  convoluted  rocks,  especially  when  these  have  been 
more  or  less  metamorphosed ;  (2)  in  the  chimneys  of  old  volcanic 
orifices,  forming  there  the  "neck"  or  plug  by  which  a  vent  is 
filled  up ;  and  (3)  as  truly  volcanic  rocks  wnich  have  been  erupted  at 
the  surface  in  the  form  of  flows  of  lava,  either  (a)  submarine,  as  in 
the  felstones  of  Wales,"  or  Q>)  subaerial,  as  probably  in  the  quartz- 
porphyry  of  Arran,  and  perhaps  in  the  series  of  "  green-slates 
and  porphyries"  of  the  Silurian  system  in  Cumberland,'  which 
Professor  Kamsay  has  conjectured  to  be  the  products  of  a  subaerial 
volcano.  These  eruptive  rocks  are  abundant  in  Britain  among  forma- 
tions of  Lower  Silunan,  Old  Bed  Sandstone  and  Lower  Carboniferous 
age.     In  the  Inner  Hebrides  they  overlie  and  alter  the  Jurassic 

^  J.  A.  PhiUipe,  Q.  /.  QeciL  Soe.  zxxi.  p.  834.  Miohel-L^vy,  BuU,  8oe,  OfoL  Framot^ 
iu.  3rd  ser.  p.  201. 

*  J.  0.  WanL  Q.  /.  Qeol.  8oc  xxxi.  p,  889.  The  felsite  of  Aian  Mowddwy  oonteisf 
88*8  per  cent  of  siliea. 

»  J.  0.  Ward,  op,  eiL  p.  400. 
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rocks.  Thej  were  j)oiired  out  on  a  great  scale  daringPermian  and 
eaAj  Triasfdc  times  in  Westphalia  and  the  Thario^er  Wald. 

Liparite— (Rhyolite,  Qaartz-trachyte),  a  rock  composed  of  a 
ocmipact  or  fine-grained  ground-mass  containing  crystab  of  sanidine 
ftod  quartz,  often  with  Uack  mica  and  homblendcy  triclinic  felspar, 
angitey  apatite,  and  magnetite.  Considerable  diyersity  exists  in  the 
texture  of  this  rock.  Some  yarieties  are  coarse  and  granitoid 
in  character.  Intermediate  varieties  may  be  obtained  like  the 
quartz-porphyries,  passing  by  degrees  into  more  or  less  distinctly 
yitreons  roc^  Tnrooghout  these  gradations,  however,  which  may 
represent  different  st£^es  in  the  crystallization  of  an  original 
molten  glass,  a  characteristic  gronnd-mass  can  be  seen  under  the 
microscope  having  a  glassy,  enamel-like,  porcellanousf,  microfelsitic,  or 
sometimes  even  a  finely  granitic  character.  An  analysis  by  Yom  Rath 
of  a  rhyolite  from  the  Eoganean  Hills  gave — silica,  76*03 ;  alumina, 
13*32 ;  soda,  5*29 ;  potash,  3*83 ;  protoxide  of  iron,  1*74 ;  magnesia, 
0-30;  lime,  0*85;  loss,  0*32;  total,  101-68,— specific  gravity,  2-553. 

Liparite  is  an  acid  rock  of  volcanic  origm,  and  late  geological 
date  which  in  more  recent  times  has  played  a  part  similar  to  that  of 
the  granitic  and  felsitic  rocks  of  older  periods,  tnough  it  has  not  been 
yet  observed  as  a  product  of  any  still  active  volcano.  It  forms 
enormous  masses  in  the  heart  of  extinct  volcanic  districts  in 
Europe  (Hungary,  Enganean  Hills,  Iceland,  Lipari)  and  in  North 
America  (Wyoming,  Utah,  Idaho,  Oregon,  California).^ 

Among  the  rocks  above  enumerated  a  distinct  gradation  can 
sometimes  be  traced  from  a  thoroughly  crystalline  granitoid  structure 
into  a  porph^itic  mass  with  the  cnaraoteiistio  ground-mass.  Among 
the  porphyntio  varieties  also  traces  can  be  oetected  of  a  vitreous 
base  indicative  of  the  rocks  having  once  existed  as  glass.  The 
vitreous  compounds  are  placed  together  at  the  end  of  the  non- 
quartziferous  group  (pp.  140-142). 

13.  Quartzless,  or  poor  in  Quartz. 

In  this  group  free  quartz  is  not  found  as  a  marked  constituent, 
although  occasionally  it  occurs  in  some  quantity,  as  microscopic 
examination  has  shown  in  the  case  even  of  some  rocks  where  the 
mineral  was  formerly  believed  to  be  absent.  A  range  of  structure 
is  displaved  similar  to  that  of  the  quartziferous  series.  The 
thoroughly  crystalline  varieties  are  t^ified  by  syenite,  which 
represents  the  granites  of  the  quartziferous  rocks,  those  which 
possess  a  porphyritic  ground-mass  by  orthoclase  porphyry  and 
tiachyte,  answering  to  quartz-porphyry  and  liparite. 

Syenite. — ^This  name,  formerly  given  in  JEjngland  to  a  granite 
with  hornblende  replacing  mica,  is  now  restricted  to  a  rock  consist- 
ing essentiiJly  of  a  crystalline-granular  mixture  of  orthoclase  and 

*  On  liparite  or  rbyolite  see  Zirkel,  Micro.  Petrog.  p.  163.  Eiog^  Ezplor.  iO(h 
Para2H  P>60d. 
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hornblende,  to  which  plagioclase,  qnaartz,  and  mica  are  occasionally 
added.  The  word,  first  used  by  rliny  in  reference  to  the  rock  of 
Syene,  was  introduced  by  Werner  as  a  scientific  designation,  and 
appli^  to  the  rock  of  the  Plauenscher-Grund,  Dresden.  Werner 
afterwards,  howeyer,  made  that  rock  a  greenstone.  Tbe  base  of  all 
syenites  like  that  of  granites  is  thoroughly  crystalline,  without  an 
amorphous  ground-mass. 

The  typical  syenite  of  the  Plauenscher-Grund,  formerly  described 
as  a  coarse-grained  mixture  of  flesh-coloured  orthoclase  and  blaek 
hornblende,  containing  no  quartz,  and  with  no  indication  of  plagio- 
clase,  was  regarded  as  a  normal  orthoclase-homblende  rock. 
Microscopical  research  has,  howeyer,  shown  that  well-striated  tri* 
clinic  felspar,  as  well  as  quartz,  occur  in  it.  Its  composition  is: 
— silica,  59*83 ;  alumina,  1(5*85 ;  protoxide  of  iron,  7*01 ;  lime,  4*43 ; 
magnesia,  2*(51 ;  potash,  6*57 ;  soda,  2*44 ;  water,  &a,  1*29 ;  total, 
101*03.    Average  specific  gravity  2*75  to  2*90. 

Amone  the  accessory  minerals  of  common  occurrence  may  be 
mentioned  titanite  (sphene),  quartz,  apatite,  epidote,  orthite,  magne- 
tite, p^te,  zircon.  The  predominance  of  one  or  more  of  these 
ingredients  has  given  rise  to  the  separation  of  a  few  yarieties  under 
distinctive  names.  Zircon-syeniie,  the  characteristic  rock  of 
Laurvig  in  Southern  Norway,  consists  of  orthoclase,  zircon,  horn- 
blende, and  the  ancient  form  of  nepheline  termed  ela&olite.  When 
mica  occurs  in  abundance  the  rock  is  termed  miearsyenUs.  Sometimes 
augite  in  crystals  or  ci^stalline  granules  makes  its  appearance  and 
forms  auffite-syeniie.  The  name  foyaite  (from  Mount  Foya  in  the 
Portuguese  province  of  Algarve),  miosoto  (from  Miask),  ditroiie{trom 
Ditro  in  Transylvania),  are  syenitic  rocks  containing  elseolite  and 
other  minerals. 

Syenite  occurs  of  many  different  a^es  from  early  Palseozoic  up  to 
Miocene,  under  conditions  similar  to  those  in  which  granite  is  foand; 
it  has  been  erupted  in  large  irregular  masses,  especially  among  meta- 
morphic  rocks,  as  well  as  m  smaller  bosses  and  veins.  It  is  hkewise 
sometimes  associated  with  syenitic  granite,  quartz-porphyry*  and 
other  orthoclase  rocks  at  the  roots  of  volcanic  hills,  as  in  tiaasay 
and  Skye  in  the  West  of  Scotland,  where  it  has  overflowed  Jurassic 
rocks,  and  is  itself  of  Miocene  age. 

Orthoclaae-Porphyry  {QuartzUsS'parphvry)  stands  to  the  syenites 
in  the  same  relation  that  quartz-porphyry  does  to  the  granites.  It 
is  composed  of  a  compact  porphyritic  ground-mass  with  little  or 
no  free  quartz,  but  through  which  are  usually  scattered  numerous 
crystals  of  orthoclase,  sometimes  also  a  tridinic  felspar,  black  horn- 
blende and  glancing  scales  of*  dark  biotite.  It  contains  from  55  to  65 
per  cent,  of  silica,  thus  differing  from  quartz-porphyry  and  felsite  in 
its  smaller  proptortion  of  this  acid,  but  the  (ustmction  is  one  which, 
except  b^  chemical  or  microscopical  analysis,  must  often  be  di£ScuU 
to  establish  between  the  fine  compact  felsites  and  the  orthoclase  por- 
phyries, especially  when  the  latter  (as  the  microscope  shows)  contain 
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free  quartz.  This  rock  is  sometimes  termed  syenite-porphyry,  since 
it  is  asaociated  with  syenite  much  in  the  same  way  that  elyanite  is 
with  granite.  Bat  this  name  should  be  retained  for  the  finely 
crystalline  yarieties,  which  would  thus  represent  among  the  quartz- 
less  orthoclase  rocks  granite-pornhyry  in  the  quartzuerous  series. 
The  term  Minette  (Mica-trap)  is  applied  to  a  yariety  which 
contains  abundant  scales  of  mica.  Orthoclase-porphyry  occurs  in 
TdinSy  dykes,  and  intrusiye  sheets.  Probably  many  so-called 
felstoieR,  whether  occurring  as  layas  or  as  intrusiye  masses,  among 
the  older  Paleozoic  formations  are  really  orthoclase-porphyries. 

The  orthoclase-porphyry  of  Pieye  in  the  Yicentin  was  found  by 
Yon  Lasaulx  to  haye  the  following  composition.  Silica,  61*07 ; 
alumina,  18*56 ;  peroxides  of  iron  and  msmganese,  2*60 ;  potash,  6*83; 
soda,  3*18;  lime,  286;  magnesia,  1*08;  carbonic  acid,  1*36;  loss, 
213— specific  gravity,  2*59.^ 

Orthoclase-porphyry  is  largely  deyeloped  among  the  later 
Palsozoic  formations  of  Thuringia,  the  Harz,  and  Saxony,  where  it 
occurs  both  intrusiyely  in  dykes,  and  intercalated  in  large  beds. 

Trachyte.' — A  term  originally  applied  to  modem  volcanic  rocks 
possessing  a  characteristic  roughness  (rpavvs)  under  the  finger,  is  now 
restricted  to  a  rock  consisting  essentially  of  sanidine,  with  more  or  less 
triclinic  felspar,  usually  with  hornblende,  biotite,  and  magnetite,  and 
MMDetimes  with  au^ite,  apatite,  and  tridymite.  It  is  thus  distin- 
guished macroscopically  from  liparite  or  quartz-trachyte  by  the 
absence  of  quartz.  Microscopically  it  is  to  be  discrimmated  from 
that  rock  by  the  absence  or  feeble  development  of  the  micro- 
felsitic  substance  so  abundant  in  liparite,  and  oy  the  preponderating 
abnegate  which  it  presents  of  minute  colourless  felspar-microliths 
with  usually  needles  and  granules  of  greenish  hornblende  and  much 
diffused  magnetite  dust.  The  average  composition  of  trachyte  may 
be  stated  thus: — silica,  60*0 — 64*0;  alumina,  17*0;  protoxide  and 
peroxide  of  iron,  6*0 — 8*0 ;  magnesia,  1*0 ;  lime,  '3*5 ;  soda,  4*0 ; 
potash,  2*0 — 2*5.    Average  specific  gravity,  2*65. 

Trachyte  is  an  abundantly  diffused  lava  of  Tertiary  and  Post- 
tertiary  date.  It  occurs  in  most  of  the  volcanic  districts  of  Europe 
^iebengebirge,  Nassau,  Transylvania,  Bay  of  Naples,  Euganean 
HUls.)  It  1ms  been  poured  out  upon  a  vast  scale  in  the  western 
territories  of  the  United  States.    It  occurs  also  in  New  Zealand 

Phonolite  (clinkstone).^ — ^A  term  suggested  by  the  metallic 
ringing  sound  emitted  by  the  fresh  compact  varieties  when  struck, 
is  appUed  to  a  compact  grey  or  brown  quartzless  mixture  of  sanidine 
and  nepheline  with  hornblende  and  usually  nosean.  Under  the 
microscope  the  ground-mass  is  not  vitreous  or  half  devitrified,  but 

>  Z.  DeuUek,  Qecl  Oe$,  xzv.  p.  820.    On  ** mica-traps'*  see  Bonney,  Q.  /.  GeoL  6oe, 

IXXT.  D.  165. 

*  On  tnobyta  see  Zirkel,  Micro.  FHrog,  p.  143.     King  in  toI.  i.  of  ExpUfr,  iOih 
PmraXU^  p.  078. 

•  Boncky,  **  Petrograph.  Stud.  PhonoUtgestein.  Bohment'*— iirdktv.  Landeddurdh- 
fonekmmg  BAmm.    1874. 
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appears  as  a  crystalline  aggregate  of  plates  of  sanidine  and  hexagonal 
pnsms  of  nepheline  with  less  &equent  crystals  of  leacite,  hornblende, 
augite,  magnetite  and  hauyne.  The  rock  is  rather  subject  to 
decomposition,  hence  its  fissures  and  cavities  are  frequently  filled 
with  zeolites.  An  ayerage  specimen  contains  silica,  57*7 ;  afumina, 
20*6 ;  potash,  6*0 ;  soda,  7*0 ;  lime,  1*5 ;  magnesia,  0*5 ;  oxides  of 
iron  and  manganese,  3*5;  loss  by  ignition,  3*2  per  cent*  The 
specific  grayity  may  be  taken  as  about  2*58.  Phonolite  is  sometimes 
found  spiitting  into  thin  slabs  which  can  be  used  for  roofing  purposes. 
Occasionally  it  assumes  a  porphyritic  texture  from  the  presence  of 
large  crystals  of  sanidine  or  of  nomblende.  When  the  rock  is  partly 
decomposed  and  takes  a  somewhat  porous  texture,  it  resembles 
trachyte  in  appearance. 

Like  trachyte,  phonolite  is  a  thoroughly  volcanic  rock  and  of 
Tertiary  date.  It  occurs  sometimes  filling  the  pipes  of  yolcanic 
orifices,  sometimes  as  sheets  which  have  been  poured  out  in  the^form 
of  laya-streams,  and  sometimes  in  dykes  and  veins,  as  in  Bohemia 
and  Auvergne. 

Pitchstone  (Eetinite) — A  vitreous,  pitch-like  rock  easily 
frangible,  translucent  on  thin  edges,  having  usually  a  black  or  dark- 
green  colour  that  ranges  through  shades  of  green,  brown,  and  yellow 
to  nearly  white.  It  is  essentially  an  orthoclase  rock,  and  may  be 
regarded  as  the  natural  glass  resulting  from  the  rapid  oooling  of 
many  of  the  more  granular  or  crystalline  orthoclase  rocks,  sncE  as 
the  Quartz-porphyries  or  felsites.  Examined  microscopically,  it  is 
found  to  consist  of  glass  in  which  are  diffused,  in  greater  or  less 
abundance,  hair-like  microliths,  angular  or  irregular  grains,  or  more 
definitely  formed  crystals  of  ortiioclase,  plagioclase,  quartz,  Ac  The 
pitchstone  of  Corriegills,  in  the  island  of  Arran,  presents  abundant 
creen,  feathery,  and  dendritic  microliths  of  a  pyroxenic  character 
(Fig.  9\  Occasionally,  as  in  Arran,  pitchstone  assumes  a  spherulitic 
or  perfitic  structure.  Sometimes  it  becomes  porphyritic  by  the 
development  of  abundant  sanidine  crystals  (Isle  of  Eigg). 

According  to  Durocher  the  mean  composition  of  pitchstone  is — 
silica,  70*6;  alumina,  15*0;  potash,  1*6;  soda,  2*4;  lime,  1*2; 
magnesia,  0*6 ;  oxides  of  iron  and  manganese,  2H5 ;  loss  by  ignition, 
6*0.    Mean  specific  gravity  2*34. 

Pitchstone  is  found  as  (1)  intrusive  dykes,  veins,  or  bosses, 
probably  in  close  connection  with  former  volcanic  activity,  as  in  the 
case  of  the  dykes  which  in  Arran  traverse  Lower  Carboniferous 
rocks  but  are  probably  of  Miocene  age,  and  those  which  in  Meissen 
send  veins  through  and  overspread  the  younger  Palaeozoic  felsite* 
porphyries;  (2)  sheets  which  have  flowed  at  .the  surface,  as  in  the 
remarkable  mass  forming  the  Scuir  of  Eigg  which  has  filled  up  a 
ri?er-channel  of  Miocene  age.^ 

Obsidian. — ^A  volcanic  glass  representing  the  vitreous  condition 
of  a  sanidine-rock,  such  as  trachyte  or  liparite^   It  externally  resembles 

*  Quart  Joum,  GeoL  6oc  1871,  p.  803. 
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bottle  glass,  haying  a  perfect  conchoidal  fracture,  and  breaking  into 
sharp  splintersy  semi-transparent  or  translucent  at  the  edges.  Its 
oolours  are  black,  brown,  or  greyish-green,  rarely  yellow,  blue,  or  red, 
bat  not  infrequently  streaked  or  banded  with  paler  and  darker  hues.  A 
thin  slice  of  obsidian  prepared  for  the  microscope  is  found  to  be  very 
pale  yellow,  brown,  grey,  or  nearly  colourless,  and  on  being  magnifiea 
shows  that  the  usual  dark  colours  are  almost  always  produced  by  the 
presence  of  minute  opaque  crystallites.  Less  frequently  obsidian 
appears  as  a  perfect  glass  without  any  foreign  admixture.  Its 
crystallites  present  themselyes  as  black  opaque  trichites  sometimes 
beautifnUy  arranged  in  eddy-like  lines  snowing  the  original  fluid 
moyement  of  the  rock  (Fig.  12);  also  as  i^-like  transparent 
microliths.  They  occasionally  so  increase  in  abundance  as  to  make 
the  rock  lose  the  aspect  of  a  glass  and  assume  that  of  a  dull  flint-like 
or  enamel-like  stone.  This  deyitrification  can  only  be  properly 
studied  with  the  microscope.  Again  spherulites  of  a  dull  grey 
enamel  appear  in  some  parts  of  the  rock  so  abundantly  as  to  conyert 
it  into  pearlstone.  These  spherulitic  enclosures  may  be  obseryed  in 
Lipari  in  great  abundance  arawn  out  into  layers  so  as  to  giye  the 
rou  a  fissile  structure,  while  steam  or  gas  cayities  likewise  occur 
sometimes  so  large  and  abundant  as  to  impart  a  cellular  aspect. 
Now  and  then  the  ya^ur  yesides  are  found  in  enormous  numbers 
of  extremely  minute  size,  as  in  an  obsidian  from  Iceland,  a  plane 
of  which,  about  one  square  millimetre  in  size,  has  been  estimated  to 
include  800,000  pores.  The  ayer^  chemical  composition  of  the 
rock  is — silica,  71*0;  alumina,  13*8;  potash,  4*0;  soda,  5*2;  lime, 
1*1 ;  magnesia,  0*6 ;  oxides  of  iron  and  manmnese,  3*7 ;  loss,  0*6 ; 
total,  1(K)*0, — ^mean  specific  grayity,  2*40.  Obsidian  occurs  as  a 
poduct  of  the  yolcanoes  of  late  geological  periods.  In  Europe  it  is 
umnd  in  Lipari,  Iceland,  and  Tenerine ;  in  North  America  it  has 
been  erupted  from  man^  points  among  the  Western  territories ;  it  is 
met  with  also  in  New  ^eaJand.^ 

Perlite    (Pearlstone),    another    yitreous  condition  of  sanidine 

lara,    consists,  as  its  name   indicates,   of  enamel-like  or  yitreous 

globules,  occasionally  assuming  polygonal  forms  by  mutual  pressure. 

These  globules  sometimes  constitute  the  entire  rock,  their  outer 

portions  shading  off  into  each  other  so  as  to  form  a  compact  mass;  in 

other  cases  they  are  separated  by  and  cemented  in  a  compact  glass 

or  enamel.    They  consist  of  successiye  yery  thin  shells,  which,  m  a 

transyerse  section,  are  seen  as  concentric  rings,  usually  full  of  the 

same  kind  of  hair-like  crystallites  and  crystals  as  in  obsidian  (Fig. 

12).     As  these  bodies  both  singly  and  in  fluxion-streams  traverse  the 

globules,  the  latter  may  be  conjectured  to  be  a  structure  developed 

m  the  rock  during  its  consoUdation  analogous  to  the  concentric 

spheroidal  structure  seen  in  weathered  basalt      Occasionally  among 

tnese  concentrically  laminated  globules  are  found  true  spherulites 

where  the  internal  structure  is  radiating  fibrous.    A  predominance 

of  these  bodies  forms  sphenditie  perlite  or  tphendite  rock. 

^  On  obfidiaii,  lee  Zirkel,  Micro,  Petrog, 
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Perlite  is  a  markedly  acid  rod^  its  peioentaige  of  silica  ranging 
between  70*6  and  82*8,  ud  its  ayerage  specific  graiitj  between  2*37 
and  2*46.     It  oocnrs  most  ccmspiciumsly  in  Hungary,  where  it  takes 
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the  form  of  lava  streams  proceeding  from  old  trachyte  yolcanoes ; 
also  among  the  Enganean  Hills,  Ponza  Islands  and  Ascension.^ 

Pumice  (Ponce,  Bimstein).— A  general  term  for  the  loose,  spongy, 
cellalar,  filamentous  or  froth-uke  parts  of  lavas.  So  distinctiye  is  ^is 
stmctare,  that  the  term  pumieeoui  has  come  into  general  nse  to 
describe  it.  There  can  be  no  donbt  that  this  froth-like  rock  owes  its 
peculiarity  to  the  abundant  escape  of  steam  or  gas  through  its  mass 
while  still  in  a  state  of  fusion.  Microscopic  examination  reyeais  a 
glass  crowded  with  enormous  numbers  of  minute  gas  or  vapour 
cavities  usually  drawn  out  in  one  direction,  also  abundant  crystallites 
like  those  of  obsidian.  In  the  great  majority  of  cases  pumice  is  a 
form  of  the  obsidians,  possessing  a  percentage  of  silica  from  58  to 
74,  and  a  specific  gravity  of  2*0  to  2'53,  though,  owing  to  its  porous 
nature,  it  possesses  great  buoyancy  and  r^tdily  floats  on  water, 
drifting  on  the  ocean  to  distances  of  many  hundreds  of  miles  from 
land,  until  the  cells  are  gradually  filled  with  water,  when  the  floating 
masses  sink  to  the  bottom.'  Abundant  rounded  blocks  of  pumice 
were  dredged  up  by  the  Challenger  from  the  floor  of  the  Atlantic  and 
Pacific  Oceans.  At  Hawaii,  some  of  the  basic  pyroxenic  or  olivine 
lavas  give  rise  to  a  pumiceous  froth. 

b.  Plagioclase  Bocks. 

The  rocks  of  this  division  are  of  all  ages  up  to  the  present 
time.  They  consist  essentiallv  of  some  triclJnic  felspar  to  which 
one,  more  usually  several  other  silicates  are  adde£     As  a  rule 

^  Mr.  AUjKyrt  has  defcribed  some  ancient  fonna  of  perlite  from  Sbropehire,  Q.  /. 
Q^oL  Soe,  xxziit  p.  449 ;  and  Mr.  BuUey  has  shown  the  presence  of  perlitio  struoiuie 
among  the  Lower  BUarian  lavas  of  North  Wales.    Op.  ciL  xxzy.  p.  508. 

'  On  porosity,  hydration,  and  flotation  of  pnmice,  see  Bischof^  Ckem,  und  Phy$,  Oetl 
Bnppl.  (1871)  p.  177. 
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they  are  basic  compoonds,  though  in  a  few  of  them  free  quartz,  as  an 
origiDal  coDstitueDt,  can  be  detected  with  or  without  the  microscope. 
In  stractnre  they  present  a  range  similar  to  that  of  the  orthoclase 
rocks.  Some  of  them  are  thorouj<hly  crystalline  (diorite),  thoagh  they 
nerer  attain  the  coarseness  of  texture  which  is  often  reached  by  granite. 
Many  of  them  are  characteristically  porphyritic  (porphyrite),  while 
in  some  cases  they  assume  a  completely  vitreous  texture  (tachylite). 
They  may  be  arranged  in  group.^,  according  as  the  predominant 
minera)  alter  the  felspar  is  hornblende,  mica,  augite,  or  diallage. 

Diorite  (Cbreenstone  in  part). — A  crystalline-granular  aggregate 
of  a  triclinic  felspar  and  homblende,  usually  with  magnetite  and 
apatite.  The  proportions  between  the  felspar  and  hornblende  yary  so 
greatly  as  to  giye  rise  to  considerable  differences  in  the  colour  and 
composition  of  the  rock.  The  felspar  when  fresh  shows  its  twin 
lamellations,  but  is  frequently  tinted  green  (from  decomposition 
of  the  hornblende),  and  more  or  less  decayed.  The  hornblende  is 
dark  green  or  black  with  yitreous  lustre  on  the  cleayage  planes  when 
fresh,  but  apt  to  decompose  and  to  giye  rise  to  secondary  products, 
such  as  epidote  and  chlorite.  The  apatite  occurs  in  fine  needles, 
usoally  only  discernible  under  the  microscope.  There  is  commonly 
no  trace  of  any  base  between  the  ingredients  of  the  ro(*k,  which  thus 
presents  a  thoroughly  crystalline  or  granitoid  structure.  Ayera^e 
diemical  composition: — silica,  54;  alumina,  16'0 — 18;  potash,  1*5 
—2-5;  soda,  2—3 ;  lime,  6 — 7*5;  magnesia,  6*0;  oxides  of  iron  and 
maDganese,  10 — 14 ;  mean  spe<^ific  grayity  about  2*95. 

Among  the  yarieties  of  diorite  the  following  may  be  enumerated. 
Qftar^-diorUef  containing  free  quartz,  usually  only  to  be  detected  hj 
microscopic  examination.  Aphanite  {aphanitie-diorite)  an  exceedingly 
compact  rock,  in  which  the  component  minerals  are  not  macroscopic 
cally  distinguishable.  A  yariety  containing  dispersed  crystals  of 
felspar  or  hornblende  is  termed  diorite-parvh^.  Corsite,  a  granitoid 
mixture  of  greyish-white  anorthite,  biackish-green  hornblende  and 
some  quartz,  which  here  and  there  haye  grouped  themselyes  into 

5 lobular  aggregations  (orbicular  diorite,  kugel-diorite,  Napoleonite). 
licordioriie^  containing  abundant  dark  mica,  which  may  eyen  replace 
the  hornblende. 

Diorite  occurs  as  an  eruptiye  rock  under  conditions  similar  to 
those  of  quartz-porphjry  and  syenite.  It  is  found  among  Palaeozoic 
Tolcanic  regions,  as  in  North  Wales,  in  *^  neck  "-like  masses  which 
may  mark  uie  position  of  some  of  the  yolcanic  orifices  of  eruption. 
It  occurs  also  in  association  with  granite  and  the  crystalline  schists  in 
such  a  manner  as  to  suggest  a  community  of  origin  with  these  rocks.^ 

'  On  diorite,  its  stroctiue  and  geological  relations,  oonsnlt  the  memoir  on  Beljrian 
Monic  rodcB  by  De  la  YaU^  Poandn  and  A.  Renard,  Mem,  Acad,  Boyale  Belg,  1876  ; 
Bcbrena,  Nemet  Jakrh,  Mm.  1S71,  p.  460 ;  Zirkel,  Microteopical  Pdrog,  p.  88.  J.  A. 
PlulHpa,  Q.  J,  OeoL  8oe.  zxxii  p.  155  and  xxxiy.  p.  471 — yalnable  papers  in  which  the 
oolHtitiitioD  of  some  of  the  "  greenstones  "  of  the  older  geologists  is  clearly  worked  out. 
Haay  of  these  ancient  rocks  are  there  shown  to  be  forms  of  doleritio  laya,  and  the 
ebsDge  of  their  original  angite  into  hornblende  is  traced. 
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Hornblende  andesite  ^  consists  of  a  triclinic  felspar  and  hom- 
blende,  often  with  a  little  sanidine.  The  ground-mass  is  frequently 
quite  crystalline,  or  shows  a  small  proportion  of  a  felsitic  nature, 
with  microliths  and  grauules. 

Two  varieties  are  distinguished.  (1)  Quartziferous  or  Baeite. — 
This  rocky  besides  the  minerals  enumerated,  contains  augite,  magne- 
tite, quartz  and  apatite  in  a  ground-mass  which  has  a  felsitic,  some- 
times spherulitic,  glassy,  or  finely  granular  base.  Mean  composition, 
silica,  66*10;  alumina,  14*80;  iron  protoxide,  6*30;  lime,  6*80; 
magnesia,  2*40 ;  alkalies,  4*70 ;  water,  0*50.  Mean  specific  gravity, 
2*60.  (2)  QuartzlesB. — This  variety,  sometimes  distinctly  crystalline, 
sometimes  extremely  compact,  almost  vitreous,  contains  crystals  of 
plagioclase,  hornblende,  augite,  and  rarely  sanidine,  with  not 
infrequently  biotite,  apatite,  and  tridymite,  imbedded  in  a  base  com- 
posed of  an  aggregate  of  colourless  felspar-microliths,  and  grains  of 
magnetite.  lUkan  composition,  silica,  50*75 ;  alumina,  17*25 ;  oxides 
of  iron,  7*57 ;  lime,  6*0 ;  magnesia,  1*30 ;  potash,  3*10 ;  alkalies,  4*0 ; 
water,  1*0.    Specific  gravity,  2*7 — 2*8. 

Hornblende  andesite  is  a  volcanic  rock  of  Tertiary  and  Post- 
tertiaiy  date  found  in  Hungary,  Transylvania,  Siebengebirge,  and 
recently  ascertained  to  have  a  considerable  development  in  some  of 
the  western  territories  of  the  United  States. 

Propylite. — A  name  given  to  certain  Tertiary  yolcanic  rocks 
consisting  of  a  triclinic  fe^>ar  and  hornblende  in  a  fine-grained  non- 
vitreous  ground-mass.  They  are  subject  to  considerable  alteration, 
the  hornblende  being  converted  into  epidote.  Some  quartziferous 
propylites  haye  been  described  by  Zirkel  from  Nevada,  wherein  the 
quartz  abounds  in  liauid  cavities  containing^  briskly  moving  bubbles, 
and  sometimes  double  enclosures  with  an  interior  of  liauid  carbon 
dioxide.  The  best  account  yet  given  of  this  rock  will  be  found  in 
Zirkers  Mu^oscopical  Petrography,^  already  cited.  A  specimen  from 
Storm  Canon,  Fish  Creek  Mountains,  gave  silica,  60*58;  alumina, 
17*52 ;  ferric  oxide,  2*77 ;  ferrous  oxide,  2*53 ;  manganese,  a  trace; 
lime,  3*78 ;  magnesia,  2*76 ;  soda,  3*30;  potash,  4*46  ;  carbonic  acid, 
a  trace ;  loss  by  ignition,  2*25 ;  specific  cavity,  2*6 — 2*7. 

Porphyrite. — ^This  term  may  oe  used  as  the  designation  of  rocks 
which  consist  essentially  of  some  triclinic  felspar,  and  show  a  true 
porphyry  ground-mass  containing  crystals  of  plagioclase  with  mag- 
netite or  titaniferous  iron,  hornblende,  augite,  or  mica.  Thus  defined, 
these  rocks  correspond  in  the  plagioclt^  series  to  the  orthodase- 
porphyries  and  felsites  of  the  ortnoclase  series.  Their  texture  varies 
from  coarse  crvstaUine-granular  to  exceedingly  close-grained,  and 
passes  occasionally  even  into  vitreous.  Porphyrite  is  a  volcanic  rock 
very  characteristic  of  the  later  Palsdozoic  formations,  occurring  there 

*  See  Zirkel,  Mieroioopiedl  Petrog,  p.  122.  King  in  vol  i  of  Explor.  iOih  TaraJOd, 
p.  562. 

*  Vol.  vi.  of  the  U.  8,  Exploration  of  the  iOth  ParaUel,  p.  110.  See  also  King  in 
Yol.  L  p.  545,  and  0.  E.  Datton'a  *«  High  Plateaux  of  Utah"  {U,  8.  Qeogra^Oeal  amd 
Qeclogteal  Survey  of  the  Boeky  MountaitU),  ohapB.  iiL  and  iy. 
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as  interstratified  laya-beds,  and  in  eraptiye  sheets,  dykes,  veins,  and 
irreenlar  bosses.  In  Scotland  it  fonns  masses,  several  thousand  feet 
thicK,  erapted  in  the  time  of  the  Lower  Old  Red  Sandstone,  and 
others  of  wide  extent,  and  several  hondred  feet  in  depth,  belonging 
to  the  Lower  Carboniferous  period.  In  Grermany  it  appears  also 
at  nnmeroos  points,  where  it  is  referred  to  later  Palaeozoic  times.^ 

Porphyrite  forms  a  connecting  link  between  the  homblendic  rooks 
and  the  augitic  series  next  to  be  described. 

Diabase. — ^This  name  has  been  ^iven  to  certain  dark  green  or 
black  eniptive  rocks  found  in  the  older  geological  Ibrmations,  and 
consisting  essentially  of  triclinic  felspar,  angite,  magnetite  or  titani- 
feroQs  iron,  apatite,  sometimes  olivine,  nsaally  with  more  or  less 
of  diffused  greenish  substances  (viridite)  which  have  resulted  from  the 
alteration  c»  the  augite  or  olivina  The  texture  is  sometimes  quite 
crystalline ;  in  other  <;ases  it  shows  a  felsitic  ground«mass.  The 
average  composition  of  typical  diabase  may  be  taken  to  be,  silica, 
48—60;  alumina,  IQi);  protoxide  of  iron,  12 — 15;  lime,  5--11; 
magnesia,  4 — 6;  potash,  0*8 — 1*5;  soda,  3 — 4-5;  water,  1-5 — 2. 
Bat  there  is  generally  carbonic  acid  present,  united  with  some  of  the 
lime  as  a  decomposition  product. 

Diabase  is  sometimes  exceedingly  fine-grained  and  compact 
{diahase^phanikl)  assuming  also  a  fi^e  character  (DicibaS'sehiefer), 
or  taking  a  porphyritic  structure,  and  showing  dispersed  crys* 
tals  of  the  component  minerals  (diahaso'porphyryjabraaor'porphyryf 
augUe-porphyry) ;  or  its  ingredients,  as  m  some  varieties  of  diorite, 
assume  a  concretionary  arrangement  (varidUe).  When  the  green 
compact  ground-mass  contains  small  kernels  of  carbonate  of  lime, 
aometimes  in  great  numbers,  it  is  called  caloareotis  aj^nUe  or  ealc^ 
aphanite.  Sometimes  the  rock  is  abundantly  amy^datoidal.  Though 
as  a  rule,  free  silica  does  not  occur  in  it,  some  varieties  have  been  found 
to  contain  this  mineral,  and  are  distinguished  as  qtMrtsHiiabase. 

Diabase  occurs  both  in  contemporaneons  beds  and  in  intmsive 
dvkes  uid  sheets.  It  was  formerly  snpposed  to  be  confined  to  the 
older  geological  formations,  while  its  place  in  Tertiaiy  and  recent 
times  was  taken  by  basalt.  But  some  of  the  Miocene  volcanic  rocks 
of  the  west  of  Scotland  are  as  good  diabase  as  anv  among  the  Palceozoio 
formations ;  while,  on  the  other  hand,  many  of  the  dark  heavy  eruptive 
rocks  belonging  to  the  Carboniferous  system  in  the  basin  of  the  Firth 
of  Forth  are  unauestionable  basalts.  The  main  difference  between 
diabase  and  basalt  appears  to  be  that  the  rocks  included  under  the 
former  name  have  undergone  more  internal  alteration,  in  particular 
acquiring  the  diffused  **  viridite,"  so  characteristic  of  them.* 

Melaphyre. — ^This  term  has  been  so  variously  defined  that  the 

'  See  AO  tnalysis  of  a  porpbyrite  from  the  Yicentin,  Yon  LAsanlx,  Z,  Deut$rK 
OteL  Get.  xxr.  p.  323.  On  microeoopio  stnicture  of  porphyrite  of  Ilfeld,  see  A.  Stremr. 
A'oMt  Jakrb.  1875.  p.  785.  ^' 

*  The  itodent  wiU  find  in  the  ZHUehrift  Deutseh.  Geci,  Cha.,  1874,  p.  1,  an  important 
noaoii  by  Dathe  on  the  oompoeition  and  structore  of  diabaie.  See  also  Zirkel'a 
Miero$»p,  Petrog,  p.  97. 
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sense  in  which  it  is  used  requires  to  be  explained.  Senft  ^  described 
melaphyre  as  an  indistinctly  mixed  rock,  dirty  greenish-brown,  or 
reddish-grey,  or  greenish  black-brown  to  black;  hard  and  tough 
when  fresh  (but  also  often  with  a  pitchstone-iike  greasy  lustre  or 
like  basalt),  and  showing  crystals  of  reddish-grey  hbraaorite,  with 
magnetic  titaniferous  iron,  and  usually  with  carbonates  of  lime  and 
iron,  and  ferruginous  chlorite  (delessite),  and  a  crystalline  granular 
or  compact,  earthy,  porphyritic  or  amygdaloidal  texture,  ^aumann 
defines  melaphyre  as  a  greenish,  brownish  or  reddish-black  micro- 
crystalline  or  crypto-crystalline,  seldom  slightly  granular  rock,  with 
conspicuous  dispersed  crystals  of  labradorite,  and  less  frequent  and 
distinct  crystals  of  pjroxene,  not  uncommonlj^  rubellan  or  mica,  but 
no  quartz.^  Zirkel  m  his  first  work  called  it  a  generally  crypio- 
crystalline,  sometimes  porphyritic,  yery  often  amygdaloidal  mixture 
consisting  essentially  of  oligoclase  and  augite  with  magnetic  iron.* 
In  his  more  recent  synopsis,  of  the  microscopic  characters  of  rocks 
he  admits  the  great  diversity  that  has  prevailed  in  the  use  of  the 
term  melaphyre,  and  the  wide  range  of  structure  of  the  rocks  that 
haye  been  included  under  it  He  regards  the  melaphvres  as  earlj 
precursors  of  the  felspar-basalts,  with  but  a  rare  development  of  a 
purely  crystalline  structure,  and  on  the  contrary  a  promment  non- 
individualized  substance  which  may  either  be  abundantly  developed 
as  a  base  or  appear  only  sparingly  between  the  crystals,  and  ma^  be 
sometimes  purely  glassy,  sometimes  half-glassy,  and  sometunes 
completely  deyitnfied.* 

Kc^enbusch,  after  a  reyiew  of  all  the  previous  literature  of  the 
subject)  proposes  that  the  term  melaphyre  should  be  restricted  to  an 
older  massive  ropk  consisting  essentially  of  plagiodase,  augite,  olivine^ 
with  free  iron  oxides  and  a  porphyry  base  of  any  structure,  and  in 
yariable  proportions,  and  belonging  for  the  most  part  to  the  age  of 
the  Carbonilerous  or  older  Permian,  less  frequently  of  the  TruMsio 
formations.^  A  ccording  to  his  arrangement^  the  old  plagjoclase-augite 
rocks  are  grouped  in  three  sections;  1st,  the  granular  section,  inclu<unff 
(a)  Diabaise,  composed  essentially  of  plagioclase  and  augite,  and  (^ 
obvine-diabase,  composed  of  plagioclase,  augite  and  olivine;  2nd  tne 
porphyritic  section  (with  a  ground-mass),  oomprising  (a)  diabase- 
porphyrite — ^a  diabase  having  a  porphyry  ground-mass,  (&)  melaphyre, 
containing  olivine  in  addition  to  the  plagioclase  and  augite  ;  3rd,  the 
vitreous  section,  in  which  the  subordinate  glassy  yarieties  of  the 
diabase-porphyrites  are  embraced.* 

The  attempt  to  base  a  classification  of  eruptive  rocks  upon 
chronological  considerations  has  been  fruitful  of  mistakes  by  leading 
to  false  assumption  regarding  the  age  of  igneous  rocks.  The  so-called 
melaphyres,  like  the  diabases,  do  not  difier  in  any  essential  feature 
of  structure  or  composition  from  the  basalts,    do  entirely  is  this 

*  Cla$$ifieatiim  dor  FrUarUn.  1857,  p.  268. 

«  GeoLl  p.  587.  •  Pefrogropkie.  IL  p.  8D. 

«  MOc  B€$^aff.  p.  41 1.  •  Mik,  PhyHog.,  p.  892.  •  Op,€iLp,  817. 
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the  case,  that,  as  above  remarked,  rocks  now  known  to  be  of  Tertiary 
date,  hare  been  described  as  melaphyres,  while  others  of  Lower 
Carboniferous  age  have  been  unhesitatingly  referred  to  as  basalts.^ 

Angite-Andesite  is  the  name  giyen  to  certain  dark  eruptive 
rocks  of  Tertiary  and  post-Tertiary  date,  which  consist  of  a  triciinic 
felspar  ^oligoclcise,  or  some  species. rather  richer  in  silica  than 
kfaradonte)  and  augite,  with  sometimes  sanidine,  hornblende,  biotite, 
magnetite,  or  apatite,  and  in  some  varieties  quartz.  The  ground- 
mass  is  resolvable  under  the  microscope,  sometimes  into  a  glassy 
sometimes  into  a  more  or  less  fully  devitrified  base.  The  quartz- 
bearing  varieties  contain  from  63  to  67  -per  cent,  of  silica,  and 
in  this  respect,  as  well  as  in  the  failure  of  olivine,  are  distinguished 
from  the  basalts.  The  average  composition  of  the  quartzless  varieties 
may  be  thus  given :  Silica^  57*15 ;  alumina,  16*10 ;  protoxide  of  iron, 
13*0;  lime,  5*75 ;  magnesia,  2*21;  potash,  1*81;  soda,  3*88;  mean 
specific  gravity,  2*75—2*85. 

Angite-Andesite  occurs  in  dykes,  lava  streams,  plateaux,  sheets 
and  neck-like  bosses  in  regions  of  extinct  and  active  volcanoes,  as  in 
Transylvania  axid  Hungary,  Santorin,  Iceland,  Teneriffe,  the  Western 
Territories  of  North  America,  the  Andes,  New  Zealand,  &c. 

Basalt-Bocks.^ — Under  this  title  is  embraced  an  important  and 
widespread  series  of  volcanic  rocks,  which  consist  essentially  of  some 


Fig.  24. — ^Mioboscofio  Struotube  op  Basalt. 

The  large  shaded  Crystals  are  Oliyine  considerably  serpentinized ;  the  nmneroas  smaU 
white  Prisms  are  Plagioclase.  A  few  Augite  prisms  occur  which,  to  the  right 
of  the  centre  of  the  drawing,  are  aggregated  into  a  large  compound  crystal.  The 
black  specks  are  Magnetite. 

triciinic   felspar,  augite,  olivine,  magnetite  or   titaniferons    iron, 
frequently  with  apatite,  sometimes  with  sanidine    or  nepheline. 

*  Ante  pp.  109, 145.    See  also  Trans,  Boy,  8oe,  Edin.,  yoI.  zxiz.  p.  499. 

*  On  basalt  rocks  see  Zirkel's  BascUtgedeine,  1870.  Baricky*»  •*  Petrographisohe 
Stodicn  an  den  l^Miltgesteinen  Bohmens,"  in  Archiv.  fUr  Naturwiu,  LaHdetdurch' 
fenAung  von  Bdhmen,  ii.  1S73.  Allport,  Q.  /.  Oeol  8oe.  zxx.  p.  529.  Geikie,  Trans. 
Bov.  8oe.  Edin,  xxix.  Mohl,  Nov.  AH.  Acad.  Leop.  Card  xxxyL  (1878)  p.  74 ;  Neues 
Jakrb.  1S7S,  pp.  449,  824 
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Foot  varieties  are  distinguished  according  to  texture:  dolerite, 
asamesite,  basalt,  and  yitreous  basalt. 

Dolerite  (greenstone^  in  part,  of  older  authors).  This  includes 
all  the  larger-grained  kinds  in  which  the  component  crystals  can  be 
readily  distinguished  with  the  naked  eye.  The  felspar,  which 
.among  the  basalt*  rocks  is  probably  often  a  more  silicated  form  than 
labradorite,  is  usually  the  most  conspicuous  ingredient,  the  dark 
prisms  of  augite,  and  the  dusty  or  mmutely  octohedral  magnetite 
^ive  the  grey  or  black  hue  to  the  rock.  The  microscopic  structure 
18  crystaUine,  though  a  small  quantity  of  an  amorphous  base  may 
here  and  there  :be  traced  (Fig.  11\ 

Anamesite  includes  those  kinds  of  which  the  texture  is  so 
fine  that  the  naked  eye  can  observe  only  that  the  mass  is  a  finely 
crystallised  granular  aggregate.  Under  the  microscope  more  of  an 
amorphous  base  with  microUths  is  seen  than  in  dolerite. 

Basalt. — This  name  when  used  as  the  designation  of  a 
particular  rock  is  applied  to  those  black,  extremely  compact, 
apparently  homogeneous  varieties  which  break  with  a  splintery  or 
conchoidal  fracture.  The  component  minerals  can  only  be  observed 
with  the  microscope,  unless  where  they  are  scattered  porphyritically 
through  the  mass.  They  consist  of  those  above  mentioned,  and 
between  them  may  be  traced  a  base  which  is  sometimes  a  glass, 
but  is  often  partially  devitrified  by  the  appearance  of  various 
crystallites.  These  sometimes  so  increase  that  the  glass  disappears, 
and  its  place  is  taken  by  an  aggregate  of  minute  granules,  haii^ 


FlO.  25.— JCKOTION  OF  IKTBUSIVI  T>OLKBITB  WITH  BAUDfirrOXB,   SaUBBTJBT  CbAO, 

Edimbubgh.    Magnifixd  20  Diahktibs. 

The  grannlar  portion  at  the  bottom  of  the  drawiDg  Ib  Sandstone,  a  part  of  which  if 
inTolyed  in  the  Dolerite  that  occupies  the  rest  of  the  slide.  The  darker  portioa 
next  the  Sandstone  is  a  Titreons  snbslance  which  has  been  serpentiniara.  It 
contains  crystals  of  Plagioclase  and  vapour  Tesioles  drawn  out  in  the  direction  of 
flow.  Above  the  darker  part  the  glassy  condition  rapidly  passes  into  ordinary  but 
minntely  crystalline  Dolerite.  The  rock  has  been  conndeiably  altered,  caleits 
occupying  many  of  the  vesicles  and  flssureB. 

needles  and  crystals.     The  proportion  of  this  base  varies  within 
wide  limits,  insomuch  that  while  in  some  basalts  it  so  preponderates 


Digitized  by 


Google 


Pabt  n.  §  Ti.]    CRYSTALLINE  ROCKS— MASSIVE. 


149 


thiit  the  indiTidoal  crystals  are  scattered  widely  through  it  or  drawn 
out  into  beautiful  streaks  and  eddies  of  fluxion  structure,  in  others  it 
aknost  or  wholly  disappears,  and  the  rock  then  appears  as  a  nearly 
or  quite  crystalline  mass. 

Vitreous  Basalt  (Tachylite,  Hyahmekm.)  In  some  ca<»e8 
basalt  passes  into  a  condition  which,,  even  to  the  naked  eye,  is 
lecognizable  as  that  of  a  true  glass.  This  more  especially  takes 
place  along  the  edges  of  dykes  and  intrusiye  sheets.  Where  an 
eitenial  skin  of  the  original  molten  rock  has  rapidly  cooled  and 
consolidated  in  contact  with  the  rocks  through  which  the  eruption 
took  place,  a  transition  can  be  traced  within  the  space  of  less  than 
a  quarter  of  an  inch  from  a  crystalline  dolerite,  anamesite  or  basalt, 
into  a  black  glass,  which,  under  the  microscope,  assumes  a  pale 
Ifown  or  yellowish  colour,  and  is  isotropic,  but  generally  contains 
abundant  microliths,  sometimes  with  a  globular  or  spherulitio 
concretionary  structure.  In  such  cases  it  seems  indisputable  that 
this  glass  represents  what  was  the  general  condition  of  the  whole 
molten  mass  at  the  time  of  eruption,  and  ihai  the  present  crystal- 
line structure  of  the  rock  was  developed  during  cooling  and  con- 
solidation. It  is  worthy  of  remark  that  in  the  analyses  of  yitreous 
basalts  the  percentajge  of  silica  rises  usually  above  that  of  ordinary 
crystalline  basalt.  The  average  composition  of  the  basalt  rocks  is 
shown  in  the  subjoined  Table : 
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0*5—3 

1-3 

1—6 

0-5— 3-5 

2*75— 2-86 
2-7— 2-8 

2-86-3-10 
2-6— 2'T 

The  basalt-rocks  are  thoroughly  volcanic  rocks,  appearing  in  lava- 
streams,  sheets,  plateaux,  dykes,  and  veins.  The  finer  grained 
varieties  are  often  beautifully  columnar ;  hence  the  term  "  basaltic  " 
has  been  popularly  used  to  denote  the  colunmar  structure.  Forphy- 
ritic  and  amygdaloidcd  varieties  are  of  frequent  occurrence. 

As  already  stated,  it  has  been  assumed  by  some  writers  that 
basalt  did  not  begin  to  be  erupted  until  the  Tertiary  period.  But 
true  basalt  occurs  abundantly  in  Scotland,  as  a  product  of  Lower 
Carboniferous  volcanoes.  There  seems,  however,  to  be  no  doubt 
that,  as  Richthofen  first  pointed  out,  in  the  order  of  appearance  at  any 
given  volcanic  focus,  basalt  comes  up  after  the  rhyolitic  and  trachytic 
eraptions  have  ceased.  (See  Book  III.  Fart  I,  Section  i.  §  5.) 

Zirkel  has  divided  basalt  into  felspar-basalt,  which  is  the  rock 
now  described ;  nepheline-basalt  and  leucite-basalt.  The  two  latter 
rocks,  in  which  the  part  of  the  felspar  is  played  by  nepheline  and 
leucite  respect  ivelv»  are  enumerated  on  the  next  page. 

Gabbro  (Diallage  Bock)  is  a  thoroughly  ciystalline  granitoid 
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aggregate  of  a  trielinic  felspar  (sometimes^  howeyer,  sausenrite) 
and  diallage  or  smaragdite.  The  felspar  (usnally  taken  to  be 
labradorite)  occurs  in  (ustinct  crystals  or  crystalline  aggregates  of 
grey,  white  or  yiolet  tint,  and  under  the  microscope  is  sometimes  found 
to  DO  crowded  with  crystallites.  The  saussurite  is  likewise  light- 
coloured,  while  the  diallage  is  distinguishable  by  its  dirty-green  or 
brown  tint,  the  metalloidal  or  pearly  lustre  on  its  cleayage  planes, 
and  the  frequent  presence  of  layers  of  microscopic  dark  brown  or 
black  lamellse.  ^me  yarieties  contain  abundant  oliyine.  Ayerage 
composition — silica,  49;  alumina,  15;  lime,  9*5;  magnesia,  9*7; 
oxides  of  iron  and  manganese,  11*5 ;  potash,  0*3 ;  soda,  2*5 ;  loss  by 
ignition,  2*5  ;  specific  grayity,  2*85— 3*10. 

Gabbro  occurs  (1)  in  association  with  granite,  gneiss,  and  other 
crystalline  rocks  as  large  irregular  bosses  (Saxony,  Silesia,  the 
Harz,  &c.),  and  (2)  in  large  sheets  and  bosses  associated  with 
yolcanic  eruptiye  rocks.  In  the  latter  case  it  occurs  in  Skye  and 
Mull  connected  with  Miocene  yolcanic  outflows.^ 

Hypersthenite,  allied  to  gabbro,  is  a  granular  granitoid  aggre- 
gate of  labradorite  and  hypersthene,  found  in  beds,  bosses,  and  yeins, 
m  Norway,  Greenland,  and  Labrador. 

(2)  Nepheline  Bocks. 

Under  this  name  is  grouped  a  series  of  distinctly  crystalline 
and  also  compact  dark  rocks  composed  of  nepheline,  augite,  and 
magnetite,  often  with  oliyine,  sometimes  with  a  little  trielinic  felspar. 
They  are  thus  distinguished  by  the  fact  that  in  them  the  part  taken 
by  felspar  in  the  rpcks  already  enumerated  is  8up{)lied  by  nepheline. 
They  are  usually  divided  into  nepheline-dolerite,  a  crystalline 
granular  aggregate  closely  resembling  in  general  character  true 
dolerite ;  and  nepbeline-basalt,  a  black,  heayy  compact  rock  not  to 
be  outwardly  distingubhed  from  ordinary  felspar-basjdt.  They  are 
yolcanic  masses  of  late  Tertiary  age,  but  occur  much  more  sparingly 
than  the  true  basalts.  They  are  found  in  the  Thuringer  W^Uy 
Erzgebirge,  Baden,  &c. 

(3)  Leucite  Bocks. 

This  diyision  includes  certain  grey  or  black  crystalline  or 
compact  yolcanic  rocks  resembling  some  of  the  basalt  series,  bat 
distinguished  from  them  by  the  predominance  of  leucite.  The 
more  crystalline-granular  yarieties,  named  leucitophyre  or 
leucite-porphyry,  are  composed  of  a  characteristically  dull 
grey  aggregate  of  leucite,  augite,  and  magnetite,  with  some- 
times a  little  nepheline,  olivine,  or  mica.  The  leucite  occurs  in 
well-defined  garnet-like  crystals  of  a  duU  white  colour,  sometimes 
an  inch  in  diameter,  not  infrequently  broken  and  with  fissures 
interpenetrated  by  the  surrounding  ground-mass.  The  rock  is 
>  On  gabbro,  see  Lang,  Z,  Deutsch,  Oeok  Oe$,  xxxi.  p.  4S4. 
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one  ot  the    products    of  the    active    and    extiDct  volcanoes    of 
Southern    Italy.    Lencite-basalt    is    to    outward    appearance 

i[iiite  like  true  basalt,  and  occurs  under  similar  conditions,  but  is 
em  widely  distributed  than  even  nepheline-basalt.  Under  the 
microscope  it  presents  a  finely  crystalline  stmcture  with  little  trace 
of  any  amorphous  base,  and  abundant  minute  sections  of  the 
characteristic  Jeudte.  This  rock  occurs  amon^  the  extinct  volcanic 
cones  of  the  Eifel,  in  the  Thuringer  Wald,  and  m  the  Italian  volcanic 
districts  (Albano,  Capo  di  Bove).  Leucite-rocks,  so  far  as  known, 
occnr  only  among  later  Tertiary  and  recent  volcanic  products. 

(4)  Olivine  Bocks. 

This  division  embraces  a  series  of  crysUtlline  rocks  composed 
essentially  of  olivine,  with  usually  one  or  two  other  magnesian 
silicates.  Bocks  of  this  type  have  been  classed  by  Bosenbusch 
under  the  general  name  of  Peridotites.  The  following  are  the  more 
important  species : — 

Pikrite,arock  rich  in  olivine,  usually  more  or  less  serpentinized, 
with  angite,  magnetite,  or  ilmenite,  and  a  little  brown  biotite,  horn- 
blende, or  apatite;  eulysite,  a  mixture  of  olivine,  angite,  and  red 
garnet;  garnet-olivine-rock,  composed  of  olivine,  diaUage,  and 
garnet;  oli  vine-enstatite-rock  consisting  of  olivine  and  enstatite 
(broDzite or hypersthene)  with  magnetite  or  chromite;  lherzolite,a 
mixture  of  olivine,  pyroxene,  picdtite,  and  usually  som6  magnetite* ; 
dnnite,  a  mixture  of  olivine  and  chromite,  found  with  serpentine; 
limburgite,  composed  of  crystals  of  olivine,  augite,  and  magnetite, 
in  a  base  more  or  less  vitreous. 

One  of  the  most  remarkable  features  about  these  rocks  is  their 
frequent  association  with  serpentine  and  their  tendency  to  pass  into 
that  rock.  There  can  inde^  be  no  doubt  that,  as  Tschermak  first 
pointed  out,  many  serpentines  were  once  olivine  rocks. 

(5.)  Serpentine  Bocks. 

Under  this  name  may  be  included  rocks  which,  whatever  may 
have  been  their  original  character  and  composition,  now  consist 
mainly  or  wholly  of  serpentine.  As  already  stated,  olivine  readily 
passes  into  the  condition  of  serpentine,  and  many  serpentine  roc^ 
originally  consisted  principally  of  olivine.  This  mineral  may  be 
ch^ged  into  serpentine,  while  the  other  minerals  remain  nearly 
nnafiected,  as  is  admirably  seen  in  pikrite.  If  varieties  due  to 
difiierent  phases  of  alteration  were  judged  worthy  of  separate  desig- 
nation, each  member  of  the  olivine  rocks  might  of  course  have  a 
conceivable  or  actual  representative  among  the  serpentine  series. 
But,  without  attempting  this  minuteness  of  classification,  we  may 
with  advantage  treat  by  itself,  as  deserving  special  notice,  the  massive 

>  Boimey,  <hdL  Mag.  iv.  2ncl  8er.  p.  £9. 
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form  of  the  mineral  serpentine  to  whatsoever  cause  its  mode  of 
formation  may  be  assigned. 

Serpentine/  a  compact  or  finely  granular,  faintly  glimmeriDg,or 
dull  rocky  easily  cut  or  scratched,  having  a  prevailing  dirty-green 
colour,  sometimes  variously  streaked  or  necked  with  brown,  yellow, 
or  red.  It  is  a  massive  form  of  the  mineral  serpentine,  but  frequentlv 
contains  other  minerals.  One  of  its  commonest  accompaniments  is 
chrysotile  or  fibrous  serpentine,  which  in  veinings  of  a  silky  lustre 
often  ramifies  through  tne  rock  in  all  directions.  Other  common 
enclosures  are  olivine,  bronzite,  enstatite,  magnetite,  and  chromic  iron. 

Serpentine  occurs  in  two  distinct  forms;  first,  in  beds  or  in- 
definitely-shaped bosses,  intercalated  among  schistose  rocks,  and 
associated  especially  with  crystalline  limestones ;  second,  in  dykes  or 
veins  traversmg  other  rocks. 

As  to  its  mode  of  origin,  there  can  be  no  doubt  that  in  some 
cases  it  was  originally  an  eruptive  rock.  In  the  Old  Bed  Sandstone 
of  Forfarshire  and  Emcardinesbire  it  is  found  in  dykes  traversing  the 
sandstones  and  conglomerates.  The  frequent  occurrence  of  recogniz- 
able olivine  crystals  or  of  their  still  remaining  contours  in  the  midst 


Fig.  26.— MioBOMOPio  Stbuotubi  of  SEBPEimNE  (20  Diameters). 

of  the  serpentine  matrix  affords  likewise  good  grounds  for  assi^^ing 
an  eruptive  origin  to  many  serpentines  which  have  no  distmctly 
eruptive  external  form.  The  rock  cannot  of  course  have  been 
ejected  as  the  hydrous  magnesian  silicate  serpelitine,  but  it  may  have 
been  originally  essentially  an  olivine  rock,  and  as  such  may  have  been 
injected  in  the  form  of  sheets  or  dykes  into  the  overlying  crust  But, 
on  the  other  hand,  the  intercalation  of  beds  of  serpentine  among 
schistose  rocks,  and  particularly  the  frequent  occurrence  of  serpentine 
in  connection  with  more  or  less  altered  limestones  (West  of  Ireland, 
Highlands  of  Scotland,  Ayrshire),  suggests  another  mode  of  origin 
in  these  cases.    Some  writers  have  contended  that  such  serpentines 

»  See  Tschermak,  8iU,  Ahad.  Wien,  Ivi.  July.  1867 ;  Bonnev,  Q.  J.  QtoL  Soe,  xxxiil 
p.  8S4,  xxxiv.  p.  769;  Geol,  Mag,  vi.  p.  862;  Michel-L^vy,  Bull.  Soc,  GioL  France,  vl 
8rd  ser.  p.  1^. 
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are  products  of  the  alteration  of  dolomite,  the  magnesia  having  been 
taken  up  by  silica,  leaving  the  carbonate  of  lime  oehind  as  beds  of 
limestone.  It  is  conceivwle,  however,  that  in  some  cases  at  least 
the  serpentines  were  an  original  deposit  from  oceanic  water,  as 
has  been  suggested  by  Sterry  Hunt  in  the  case  of  those  associated 
with  the  crystalline  schists.^  The  beds  of  serpentine  intercalated 
with  limestone  may  have  been  due  to  the  elimination  of  magnesian 
silicates  from  sea-water  by  organic  agency,  like  the  glaucomte  now 
found  filling  the  chambers  of  foraminifera,  the  cavities  of  corals,  the 
canals  in  shells  and  sea-^urchin  spines  and  other  organisms  on  the 
floor  of  the  present  sea.*  Among  the  limestones  and  crystalline 
schists  of  Banfishire  serpentine  occurs  in  thick  lenticular  beds  which 
possesB  a  schistose  crumpled  structure  and  agree  in  dip  with  the 
Borroanding  rocks.  They  may  have  been  depoats  of  contempo- 
raneoas  origin  with  the  limestones  and  schists  among  which  they 
occur,  and  in  association  with  which  they  have  undergone  the 
characteristic  schistose  puckering  and  crumpling. 

B.  Fragmental  (Clastic). 

This  great  series  embraces  all  rocks  of  a  secondary  or  derivative 
origin ;  in  other  words,  all  formed  of  particles  which  have  previously 
existed  on  or  beneath  the  surface  of  tne  earth  in  another  form,  and 
the  accumulation  and  consolidation  of  which  gives  rise  to  new 
compounds.  Some  of  these  materials  have  been  produced  by  the 
mechanical  action  of  wind,  as  in  the  sand-hills  of  sea-coasts  and  inland 
deserts  (iEoIian  rocks) ;  others  by  the  operation  of  moving  water, 
as  the  gravel,  sand  and  mud  of  shores  and  river  beds  (aqueous 
sedimentary  rocks) ;  others  by  the  accumulation  of  the  entire  or  frag- 
mentary remains  of  once  living  plants  and  animals  (organic  rocks^ ; 
while  yet  another  series  has  arisen  from  the  gathering  together  of  tne 
loose  debris  thrown  out  by  volcanoes  (volcanic  tuffs).  It  is  evident 
that  in  dealing  with  these  various  detrital  formations  the  degree  of 
consolidation  is  of  secondary  importance.  The  soft  sand  and  mud 
of  a  modern  lake-bottom  differ  in  no  essential  respect  from  ancient 
lacustrine  strata,  and  may  tell  their  geological  story  equally  well. 
No  line  is  to  be  drawn  between  what  is  popularly  termed  rock  and 
the  loose  as  yet  uncompacted  debris  out  of  which  solid  rocks  may 
eventually  be  formed.  Hence  in  the  following  arrangement  the 
modem  and  the  ancient,  being  one  in  structure  and  mode  of 
formation,  are  classed  together. 

It  will  be  observed  that  in  several  directions  we  are  led  by  the 
fragmental  rocks  back  to  those  stratified  deposits  with  which  wo 
b^n  at  p.  110.  Both  series  of  deposits  are  accumulated  simul- 
taneously and  are  often  interstratified ;  and,  as  we  have  seen,  the 

*  Chemical  E$My$,  p.  123. 

*  AeoordiDg  to  Derthier,  one  of  the  glanoonitio  depodiB  in  a  tertiary  limestone  is  a  true 
serpentine.    Bee  Sterry  Hunt,  Chem,  Euay$,  p.  808. 
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calcareous  organic  fragmental  rocks  (p.  107)  actually  undergo  a 
gradual  internal  change  which  more  or  less  effaces  their  detrital 
origin,  and  gives  them  such  a  crystalline  character  as  to  entitle 
them  to  be  ranked  among  the  crystalline  hmestones  (p.  112). 

1.  Oravel  and  Sand  Rocks  (Psammites). 

As  the  deposits  included  in  this  subdivision  are  prodaced  by  the 
disintegration  and  removal  of  rocks  by  the  action  of  the  atmosphere, 
rain,  rivers,  fix)st,  the  sea,  and  other  superficial  agencies,  they  are 
mere  mechanical  accumulations,  and  necessarily  vary  indefinitely  in 
composition,  according  to  the  nature  of  the  sources  from  which  tney 
are  deriyed.  As  a  rul^  they  consist  of  the  detritus  of  siliceous  rocks, 
these  being  among  the  most  durable  materials.  Quartz,  in 
particular,  enters  largely  into  the  comnosition  of  sandy  and  gravellv 
detritus.  Fragmentary  materials  tena  to  group  themselves  accora* 
ing  to  their  size  and  rblative  density.  Hence  tney  are  apt  to  occni 
in  layers,  and  to  show  the  characteristic  stroHfied  arrangement  of 
sedimentary  rocks.  They  may  enclose  the  remains  of  any  plants  or 
animals  entombed  on  the  same  sea-floor,  river-bed,  or  lake-bottom. 

Cliff-d^ris.  Moraine-stufll — Angular  rubbish  disenga^  by 
frost  and  ordinary  atmospheric  waste  from  clifib,  crags,  and  steep 
slopes.  It  slides  down  the  declivities  of  hilly  regions,  and  accumu- 
lates at  their  base,  until  washed  away  by  rain  or  by  brooks.  It 
forms  talus  slopes  of  as  much  as  40^  though  for  short'  distances,  if 
the  blocks  are  large,  the  general  an^le  of  slope  may  be  much  steeper. 
It  naturally  depends  for  its  composition  upon  the  nature  of  the  solid 
rocks  from  which  it  is  derived.  The  material  constituting  glacier 
moraines  is  of  this  kind  ;  it  may  be  deposited  near  its  source  or  may 
be  transported  for  many  miles  on  the  surface  of  the  ice. 

Perched  Blocks,  Erratic  Blocks. — Large  masses  of  rock,  often 
as  bi^  as  a  house,  which  have  been  transported  by  glacier-ice,  and 
have  b^n  lodged  in  a  prominent  position  in  glacier  valleys  or  have 
been  scattered  over  hills  and  plains.  An  examination  of  their  minera- 
Ic^cal  character  leads  to  the  identification  of  their  source  and,  conse- 
quently, to  the  path  taken  by  the  transporting  ice.  (See  Book  lU. 
Part  IL  Section  ii.  §  5.) 

Rain-wash. — ^A  loam  or  earth  which  accumulates  on  the  lower 
parts  of  slopes  or  at  their  base,  and  is  due  to  the  gradual  descent  of  the 
finest  particles  of  disinteg;rated  rocks  by  the  transporting  action  of 
rain.  Brick-earthis  the  name  given  in  the  south-east  of  England 
to  thick  masses  of  such  loam  whicm  are  extensively  used  for  making 
bricks. 

SoiL — The  product  of  the  subaerial  decomposition  of  rocks  and 
of  the  decay  of  plants  and  animals.  Primarily  the  character  of  the 
soil  is  determined  by  that  of  the  subsoil,  of  which  indeed  it  is  merely 
a  further  disintegration.  The  formation  of  soil  is  treated  in 
Book  III.  Part  II.  Section  ii.  §  i. 
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SnbsoiL — The  broken-np  part  of  the  rocks  immediately  under 
the  soil.  (See  Fig.  92.)  Its  cnaracter  of  conrse  is  determmed  by 
that  of  the  rock  out  of  which  it  is  formed  by  snbaerial  disiutegratioD. 

Blown  Band. — Loose  sand  usually^  arranged  in  lines  of  dnnes, 
fronting  a  sandy  beach  or  in  the  arid  interior  of  a  continent.    It  is 

filed  up  by  the  driving  action  of  wind  (Book  III.  Fart  II.  Section  i.). 
t  Taries  in  composition,  being  sometimes  entirely  siliceous^  as  upon 
diores  where  siliceous  rocks  are  exposed;  sometimes  calcareous, 
where  derived  from  triturated  shells,  nullipores,  or  other  calcareous 
organisms.  Layers  of  finer  and  coarser  particles  often  alternate,  as 
in  water-formed  sandstone.  On  many  coast-lines  in  Europe  grasses 
and  other  plants  bind  the  surface  of  the  shifting  sand.  These  layers 
of  vegetation  are  apt  to  be  covered  by  fresh  encroachments  of  the 
loose  material,  and  then  by  their  decay  to  give  rise  to  dark  peaty 
leams  in  the  sand.  Calcareous  blown  sand  is  compacted  into  hard 
8tone  by  the  action  of  rain-water,  which  alternately  dissolves  a  little 
of  the  lime  and  re-deposits  it  on  evaporation  as  a  thm  crust  cementing 
the  grains  of  sand  together.  In  the  Bahamas  and  Bermudas, 
extenynve  masses  of  calcareous  blown  sand  have  been  cemented  in 
this  way  into  solid  stone,  which  weathers  into  picturesque  crags  and 
caves  like  a  limestone  of  older  geological  date.^ 

Gravel,  fOiingle. — Names  applied  to  the  coarser  kinds  of  rounded 
waterwom  detritus.  In  gravel  the  average  size  of  the  component 
pebbles  ranges  from  that  of  a  small  pea  up  to  about  that  of  a 
walnut,  though  of  course  many  included  mtgments  will  be  observed 
which  exceed  these  limits.  In  shingle  the  stones  are  coarser,  ranging 
op  to  blocks  as  big  as  a  man's  head  or  larger.  These  names  are 
applied  quite  irrespective  of  the  composition  of  the  fragments, 
wiuch  varies  greatly  from  point  to  point  As  a  rule  the  stones 
consist  of  hard  crystalline  rocks,  since  these  are  best  fitted  to  with- 
stand the  powerful  grinding  action  to  which  they  are  exposed. 

River-sand,  Sea-sand. — ^When  the  rounded  water-worn  detritus 
M  finer  than  that  to  which  the  term  gravel  would  be  applied  it  is 
called  sand,  though  there  is  obviously  no  line  to  be  drawn  between 
the  two  kinds  of  deposit,  which  necessarily  graduate  into  each  other. 
The  jputicles  of  sand  range  down  to  such  minute  forms  as  can  only 
be  distinctly  discerned  with  a  microscope.  The  smaller  forms  are 
mierally  less  well  rounded  than  those  of  greater  dimensions,  no 
doubt  because  their  diminutive  size  allows  them  to  remain  suspended 
in  agitated  water,  and  thus  to  escape  the  mutual  attrition  to  which 
the  latter  and  heavier  grains  are  exposed  upon  the  bottom  (Book  III. 
Part  if.  Section  ii.^.  So  far  as  experience  has  yet  gone,  there  is  no 
method  by  which  inorganic  sea-sand  can  be  distinguished  from  that 
of  nVers  or  lakes.  As  a  rule,  sand  consists  largely  (often  wholly)  of 
quartz-grains.  The  presence  of  fragments  of  marine  shells  will 
(^course  betray  its  salt-water  origin ;  but  in  the  tritaration  to  which 

'  F(ff  inferestiiig  aoconnta  of  the  JEoWtkn  depodts  of  the  Bahamas  and  Bermndai^ 
■ee  NelaoQ,  Q.  /.  OtoL  8oc  is.  p.  200,  and  Sir  Wyyille  Thomaon's  **  Atlantic,"  Td.  i. 
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sand  is  exposed  on  a  coast-line  the  sbell-fragments  are  in  great 
measure  ground  into  calcareous  mud  and  removed. 

Mr.  Sorby  has  recently  shown  that  by  microscopic  investigation 
much  information  may  be  obtained  regarding  the  history  and  source 
of  sedimentary  materials.  He  has  studied  the  minute  structure  of 
modem  sand,  and  finds  that  sand-grains  present  the  following  five 
distinct  types,  which,  however,  graduate  into  each  other. 

1.  Normal,  angular,  fresh-formed  sand,  such  as  has  been  derived 
almost  directly  from  the  breaking  up  of  granitic  or  schistose  rocks. 

2.  Well- worn  sand  in  rounded  grains,^  the  original  angles  being 
completely  lost,  and  the  surfaces  looking  like  fine  ^und  glass. 

3.  Sand  mechanically  broken  into  snarp  angular  chips,  showing 
a  glassy  fracture. 

4.  Sand  having  the  grains  chemically  corroded,  so  as  to  produce 
a  peculiar  texture  of  the  surface,  difiering  from  that  of  worn  grains 
or  crystals. 

5.  Sand  in  which  the  grains  have  a  perfectly  crystalline  outline, 
in  some  cases  undoubtedly  due  to  the  deposition  of  quartz  upon 
rounded  or  angular  nuclei  of  ordinary  non-crystalline  sand.^ 

The  same  acute  observer  points  out  that^  as  in  the  familiar  case  of 
conglomerate  pebbles,  which  have  sometimes  been  used  over  again 
in  conglomerates  of  very  different  ages,  so  with  the  much  more 
minute  grains  of  sand,  we  must  distinguish  between  the  age  of  the 
grains  and  the  age  of  the  deposit  formed  of  them.  An  ancient 
sandstone  may  consist  of  grains  that  had  hardly  been  worn  before 
they  were  finally  brought  to  rest,  while  the  sand  of  a  modem  beach 
may  have  been  ground  down  by  the  waves  of  many  successive 
geological  periods. 

Ssmd  taken  by  Mr^  Sorby  from  the  old  gravel  terraces  of  the  Biver 
Tay  was  found  to  be  almost  wholly  angular,  indicating  bow  little 
wear  and  tear  there  may  be  among  particles  of  quartz  y^  of  an  inch 
in  diameter,  even  though  exposed  to  the  driftmg  action  of  a  rapid 
river.^  Sand  from  the  boulder  day  at  Scarborough  was  like- 
wise ascertained  to  be  almost  entirely  fresh  and  angular.  On  the 
other  hand,  in  geolo^cal  formations,  which  can  be  traced  in  a  given 
direction  for   several    hundred  miles,  a  progressively    large  pro- 

Sortion  of  rounded  particles  may  be  detected  in  the  sandy  beds,  as 
[r.  Sorby  has  found  in  following  the  greensand  from  Devonshire 
to  Kent. 

The  following  names  are  applied  to  forms  of  sandy  or  gravelly 
detritus  when  consolidated. 

Conglomerate  (Puddingstone) — A  name  given  to  any  rock 
formed  of  consolidated  gravel  or  shingle*  The  component  pebbles 
are  rounded  and  waterwora.  They  may  consist  of  any  kind  of  rock, 
though  usually  of  some  hard  and  durable  sort,  such  as  quartz  or 
quartz-rock.  A  special  name  may  be  given  according  to  the  nature 
of  the  pebbles,  as  quartz-conglomerate,  limestone-conglomerate, 
'  Addre»,Q. /.  OeoZ. iSoc xxxyi.  1880, p. 5S.      *  Bee  BookllLPart  IL, 8ecUoD8  ti.  | iU 
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gnnite-oooglomeratey  &c.  or  according  to  that  of  the  paste  or 
cementioe  matrix  which  may  condist  of  a  hardened  sand  or  clay, 
and  may  be  siliceous,  calcareous,  argillaceous,  or  ferruginous.  In  the 
coarser  conglomerates,  where  the  blocks  may  exceed  six  feet  in 
kngthf  there  is  often  very  little  indication  of  stratification.  Exoent 
where  the  flatter  stones  show  by  their  general  parallelism  the  rude 
lines  of  deposit,  it  may  be  only  when  the  mass  of  conglomerate  is 
taken  as  a  whole,  in  its  relation  to  the  rocks  below  and  above  it, 
that  its  claim  to  be  considered  a  bedded  roek  will  be  conceded. 
The  occurrence  of  occasional  bands  of  conglomerate  in  a  series  of 
arenaceous  strata  is  analogous  probably  to  that  of  a  shmgle  bank 
or  gravel  beach  on  a  modem  coast-line.  But  it  is  not  easy  to  under- 
stand the  circumstances  under  which  some  ancient  conglomerates 
aecnmulated,  such  as  that  of  the  Old  Bed  Sandstone  of  central 
Scotland,  which  attains  a  thickness  of  many  thousand  feet,  and 
consists  of  well  rounded  and  smoothed  blocks  often  several  feet  in 
diameter. 

In  many  old  conglomerates  (and  even  in  those  of  Miocene  age 
in  Switzerland)  the  component  pebbles  may  be  observed  to  have 
indented  each  other.  In  such  cases  also  thev  may  be  found  split  and 
recemented;  sometimes  the  same  pebble  has  lieen  crushea  into  a 
nnmber  of  pieces,  which  are  held  together  by  a  retaining  cement. 
These  phenomena  point  to  ereat  pressure,  and  some  internal  relative 
movement  in  the  rocks.    (Book  III.  Part  I.  Section  iv.  §  3.) 

Breccia. — A  rock  composed  of  angular  instead  of  rounded 
fragments.  It  commonly  presents  less  trace  of  stratification  than 
eonglomerate.  Intermediate  stages  between  these  two  rocks,  where 
the  stones  are  partly  angular  and  partly  subangular  and  rounded, 
are  known  as  breedaied  conglomerate.  Considered  as  a  detrital  deposit 
formed  by  superficial  waffte,  breccia  points  to  the  disintegration  of 
rocks  by  the  atmosphere,  and  the  accumulation  of  their  fragments 
with  little  or  no  intervention  of  running  water.  Thus  it  may  be 
formed  at  the  base  of  a  diff  either  subaeriaUy,  or  where  the  debris  of 
the  diff  falls  at  once  into  a  lake  or  into  deep  sea*water. 

The  term  Breccia  has,  however,  been  applied  to  rocks  formed  in 
a  totally  different  manner.  Intrusive  igneous  masses  have  sometimes 
torn  off  fragments  of  the  rocks  through  which  thejr  have  ascended, 
aid  these  angular  fragments  have  been  enclosed  in  the  liquid  or 
pasty  mass.  Or  the  intrusive  rock  has  cooled  and  solidified  externally 
while  still  mobile  within,  and  in  its  ascent  has  caught  up  and  in- 
vdved  some  of  these  consolidated  parts  of  its  own  sutetanoe.  Again, 
where  solid  masses  of  rock  within  the  crust  of  the  earth  have  ground 
against  each  other,  as  in  dislocations,  angular  fragmentary  rubbish 
has  been  produced,  which  has  subsequently  been  consolidated  by 
Bcmie  infiltrating  cement  (fault-rock).  It  is  evident,  however,  that 
keona  formed  in  one  or  other  of  these  hypo^ene  ways  will  not  as  a 
nle  be  apt  to  be  mistaken  for  the  true  breccias,  arising  from  super- 
ficial di8int^;ration. 
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Sandstone  (Gr^). — A  rock  composed  of  consolidated  sand.  As 
in  ordinarjr  modern  sand,  the  integral  grains  of  sandstone  are  chiefly 
quartz,  which  must  here  be  regarded  as  the  residue  left  after  all  the 
more  decomposable  minerals  of  the  original  rocks  have  been  carried 
away  in  solution  or  in  suspension  as  fine  mud.  The  colours  of  sand- 
stones arise,  not  so  much  from  that  of  the  quartz,  which  is  commonly 
white  or  grey,  as  from  the  film  or  crust  which  often  coats  the  grains 
and  holds  them  together  as  a  cement.  Iron,  the  great  colouring 
ingredient  of  rocks,  gives  rise  to  red,  brown,  yellow,  and  green  hues, 
according  to  its  degree  of  oxidation  and  hydration. 

Like  conglomerates,  sandstones  differ  in  the  nature  of  their 
component  grains,  and  in  that  of  the  cementing  matrix.  Though 
consisting  for  the  most  part  of  siliceous  grains,  they  include  others 
of  clay,  felspar,  mica,  or  other  mineral;  and  these  may  increase  in 
number  so  as  to  give  a  special  character  to  the  rock.  Thus  sand- 
stones may  be  argillaceous,  felspathic,  micaceous,  calcareous,  &a 
By  an  increase  in  the  argillaceous  constituents,  a  sandstone  may 
pass  into  one  of  the  clay-rocks,  just  as  modem  sand  on  the  sea-floor 
shades  imperceptibly  into  mud.  On  the  other  hand,  by  an  augmen- 
tation in  tne  size  of  the  grains,  a  sandstone  may  become  a  arii^  or  a 
pebbly  or  conglomeratic  sandstone,  and  pass  into  a  fine  conglomerate. 
A  piece  of  fine-grained  sandstone  seen  under  the  microscope  loob 
like  a  coarse  conglomerate,  so  that  the  difference  between  the  two 
rocks  is  little  more  than  one  of  relative  size  of  particles. 

The  cementing  material  of  sandstones  may  be  ferruginoua,  as 
in  most  ordinary  red  and  yellow  sandstones,  where  the  anhydrous  or 
hydrous  iron  oxide  is  mixed  with  clay  or  other  impurit^ — ^in  red 
sandstones  the  grains  are  held  together  by  a  haematitic,  m  yellow 
sandstones  by  a  limonitic  cement ;  arffUlaeeaus,  where  the  grains  are 
united  by  a  base  of  day,  recognizable  by  the  earthy  smell  when 
breathed  upon ;  calcareous,  where  carbonate  of  lime  occurs  either  as 
an  amorphous  paste  or  as  a  crystalline  cement  between  the  grdns; 
Hliceoxis,  where  the  component  particles  are  bound  together  by  a 
flinty  substance,  as  in  the  exposed  blocks  of  eocene  sandstone  known 
as  "grey-weathers"  in  Wiltshire,  and  which  occur  also  over  the 
North  of  France  towards  the  Ardennes. 

Amone  the  yarieties  of  sandstone  the  following  may  here  he 
mentione£  Flagston e — a  thin  bedded  sandstone,  capable  of  being 
split  along  the  lines  of  stratification  into  thin  beds  or  flags;  Mica- 
ceous sandstone  {micarpsammite) — a  rock  so  fall  of  mica-flakes 
that  it  splits  readily  into  thin  laminae,  each  of  which  has  a  lustrous 
surface  uom  the  quantity  of  silyery  mica.  This  rock  is  called 
''fakes"  in  Scotland.  Freestone — a  sandstone  (the  term  being 
applied  sometimes  also  to  limestone)  which  can  be  cut  into  blocks 
in  any  direction,  without  a  marked  tendency  to  split  in  any  one 
plane  more  than  in  another.  Though  this  rock  occurs  in  beds,  each 
bed  is  not  diyided  into  laminae,  and  it  is  the  absence  of  this  min(^ 
stratification  which  makes  the  stone  so  useful  for  architectoral 
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purposes  (Craigleiih  and  other  sandstones  at  Edinburgh,  some  of 
which  contain  98  per  cent,  of  silica).  Glauconitic  sandstone 
(men-sand) — a  sandstone  containing  kernels  and  dusty  grains  of 
glauoonitey  which  imparts  a  general  greenish  hue  to  the  rock.  The 
glanconite  has  probably  been  deposited  through  organic  agency,  as 
m  the  case  of  the  green  matter  filling  echinus-spines,  foramimferay 
shells  and  corals  on  the  floor  of  the  present  ocean/  Buhrston e — a 
highly  siliceous,  exoeedindy  compact  though  cellular  rock  (with 
Chara  seeds,  &c.\  found  alternating  with  unaltered  Tertiary  strata 
in  the  Paris  basin,  and  forming  from  its  hardness  and  roughness  an 
excellent  material  for  the  grindstones  of  flour-mills  may  be  mentioned 
here ;  it  probably  has  been  formed  by  the  precipitation  of  silica  by  the 
action  of  organisms.  A  r  k  o  s  e  (jjranUie  sandstone) — a  rock  comnposed 
of  disintegrated  granite,  and  found  in  geological  formations  of  diuerent 
ages,  which  have  been  derived  from  granitic  rocks.  Crystallized 
sandstone — an  arenaceous  rock  in  which  a  deposit  of  crystalline 
quartz  has  taken  place  upon  the  indiridual  grams,  each  of  which 
becomes  the  nucleus  of  a  more  or  less  perfect  quartz  crystal. 
Mr.  Sorby  has  observed  such  crystallized  sand  in  deposits  of  various 
ages,  from  the  Oolites  down  to  the  Old  Bed  Sandstone.* 

Oreywacke. — ^A,  compact  aggregate  of  rounded  or  subangular 
grains  of  ouartz,  felspar,  slate,  or  other  minerals  or  rocks  cemented  by 
a  paste  wnich  is  usualljr  siliceous  but  may  be  ar|;illaceous,  felspathic, 
calcareous,  or  anthracitic  (Fig.  13).  Grey,  as  its  name  denotes,  is 
the  prevailing  colour ;  but  it  passes  into  brpwn,  broiynish-pnrple,  and 
sranetimes,  where  anthracite  predominates,  into  black.  The  rock  is 
distinguished  from  ordinary  sandstone  by  its  darker  hue,  its  hardness, 
the  variety  of  its  component  grains,  and  above  all  by  the  compact 
cement  in  which  the  grains  are  imbedded.  In  many  varieties  so  per- 
vaded is  the  rock  by  the  siliceous  paste  that  it  possesses  great  tough- 
ness, and  its  grains  seem  to  graduate  into  each  other  as,  well  as  into 
the  surrounding  matrix.  Such  rocks  when  fine-grained  can  hardly,  at 
first  sight  or  with  the  unaided  eye,  be  distinguished  from  some  compact 
igneoos  rocks,  though  a  microscopic  examination  at  once  reveals  tneir 
fragmental  character.  In  other  cases,  where  the  grey  wacke  has  been 
formed  mainly  out  of  the  debris  of  granite,  quartz-porphyry,  or  other 
felspathic  masses,  the  grains  consist  so  largely  of  felspar,  and  the 
paste  also  is  so  felspathic,  that  the  rock  might  be  mistaken  for  some 
close-grained  granular  porphyry.  Greywacke  occurs  extensively 
among  tiie  Paleozoic  formations  m  beds  alternating  with  shales  and 
conglomerates.  It  represents  the  muddy  sand  of  some  of  the  PalsDozoic 
eea-floors,  retaining  often  its  ripple-marks  and  sun-cracks.  The 
metamorphism  it  has  undergone  has  generally  not  been  great,  and  for 
the  most  part  is  limited  to  induration,  partly  by  pressure  and  partly 
by  permeation  of  a  siliceous  cement  But  wnere  felspaUiic  in- 
grecuents  prevail,  the  rock  has  offered  facilities  for  alteration,  and  has 

>  See  SoUm,  Qtdl.  Mag.  iii  new  ser.  p.  539. 

'  Q.  J.  OeoL  ^oe.  xxxtL  p.  63.    Bee  Daubr^  Afm,  det  Minei,  2nd  ser.  i.  p.  206. 
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been  here  and  there  changed  into  gneiss  and  even  into  rocks  which 
graduate  into  granite. 

The  more  fissile  fine-grained  varieties  of  this  rock  have  been  termed 
greywacke-slate.  In  these,  as  well  as  in  greywacke,  organic 
remains  occur  among  the  Silurian  and  Devonian  formations.  &>me- 
times  in  the  Lower  Silurian  rocks  of  Scotli^d  these  strata  b(MK)me 
black  with  carbonaceous  matter,  among  which  vast  numbers  of 
graptolites  may  be  observed. 

2.  Clay  Rocks  (Pelites). 

These  are  composed  of  the  finer  argillaceous  sediments  or  mud 
derived  from  the  waste  of  rocks.  Perfectly  pure  clay  or  kaolin, 
hydrated  silicate  of  alumina  (silica  47*05,  alumina  39*21,  water 
13*74),  may  be  seen  where  granites  and  other  felspar-bearing  rocks 
decompose.  But,  as  a  rule,  the  argillaceous  materials  are  mixed 
with  various  impurities. 

Clay,  Mud. — The  decomposition  of  felspars  and  allied  minerals 
gives  rise  to  the  formation  of  hydrous  aluminous  silicates,  which 
occurring  usually  in  «  state  of  very  fine  subdivision,  are  capable  of 
being  h^d  in  suspension  in  water,  and  of  being  transported  to  great 
distances.  These  substances  difieriog  much  in  composition,  are 
embraced  under  the  general  term  Clay,  which  may  be  defined  as  a 
white,  grey,  l^own,  red,  or  bluish  substance,  which  when  dry  is  soft 
and  friable,  adheres  to  the  tongue,  and  shaken  in  water  makes  it 
mechanically  turbid ;  when  moist  is  plastic,  when  mixed  with  much 
water  becomes  mud.  It  is  evident  that  a  wide  range  is  possible  for 
varieties  of  this  substance.    The  following  are  the  more  important 

Pipe-clay. — ^White,  nearly  pure,  and  free  fit)m  iron. 

Fire-clay. — A  deposit  largely  found  in  connexion  with  coal-seams^ 
contains  little  iron,  and  is  nearly  free  from  lime  and  alkalies.  Some 
of  the  most  typical  fire-clays  are  those  long  used  at  Stourbridge, 
Worcestershire,  for  the  manuibcture  of  pottery.  The  best  glass-house 
pot-clay,  that  is,  the  most  refractory,  and  therefore  used  for  the  con* 
struction  of  pots  which  have  to  stand  the  intense  heat  of  a  glass-house, 
has  the  foAowing  composition: — silica,  73*82;  alumina,  15*88; 
protoxide  of  iron,  2*95 ;  lime,  trace ;  magnesia,  trace ;  alkaJiee,  *90 ; 
sulphuric  acid,  trace;  chlorine,  trace;  water,  645;  specific  gravity, 
2*51. 

Oannister. — ^A  very  siliceous  close-grained  variety,  found  in  the 
Lower  Coal-measures  of  the  north  of  England,  and  now  largely  ground 
down  as  a  material  for  the  hearths  of  iron  furnaces. 

Brick-day. — ^Properly  rather  an  industrial  than  a  geological  term, 
since  it  is  applied  to  any  clay,  loam,  or  earth,  from  which  bricks  or 
coarse  pottery  are  made.  It  is  an  impure  clay,  containing  a  ^ood  deal 
of  iron,  with  other  ingredients.  An  analysis  ^ve  the  followmg  com- 
position of  a  brick-clay :  silica,  49*44 ;  alumina,  34*26 ;  sesquiozide 
of  iron,  7*74;  lime,  1*48;  magnesia,  5*14;  water,  1*94. 


Digitized  by 


Google 


Part  IL  §  xi.]    FRAGMEKTAL  ROCKS— VOLCANIC.        161 

Fuller's  Earth  (Terre  &  fouloD,\Valkerde)« — Agreenish  or  brownish 
eartlij,  soft,  somewhat  unctuous  substance,  with  a  shiniug  streak, 
which  does  not  become  plastic  with  water,  but  crumbles  down  into  mud. 
It  is  a  hydrous  aluminous  silicate  with  some  magnesia,  iron-oxide  and 
soda.  The  yellow  fuller's  earth  of  Reigate  contains  silica  44, 
alumina  11,  oxide  of  iron  10,  magnesia  2,  lime  5,  soda  5.^  In  England 
fuller's  earth  occurs  in  beds  among  the  Jurassic  and  Cretaceous  forma- 
tions. In  Saxony  it  is  found  as  a  result  of  the  deccHnposition  of 
diabase  and  gabbro. 

Wacke. — A  dirty  green  to  brownish-black  earthy  or  compact,  but 
tender  and  apparently  homogeneous  clay,  which  arises  as  the  ultimate 
stage  of  the  decomposition  of  basalt-rocKs  in  9tiu. 

Till,  Boulder-clay. — A  stiff  sandy  and  stony  clay,  varying  in 
colour  and  composition,  aocording  to  the  character  of  the  rocks  of  the 
district  in  which  it  lies.  It  is  full  of  worn  stones  of  aU  sizes,  up  to 
blocks  weighing  several  tons,  and  often  well  smoothed  and  striated. 
It  is  a  glacial  deposit,  and  will  be  described  among  the  formations 
of  the  Glacial  Period. 

Modatone. — ^A  fine,  usually  more  or  less  sandy,  argillaceous  rock, 
haying  no  fissile  character,  and  of  somewhat  greater  hardness  than 
any  form  of  day.  The  term  Clay-rock  has  been  applied  by  some 
writers  to  an  indurated  clay  requiring  to  be  ground  and  mixed  with 
water  before  it  acquires  plasticity. 

Shale  (Schiste,  Schdefertbon). — A  general  term  to  describe  day  that 
has  assumed  a  thinly  stratified  or  fissile  structure.  Under  this  term 
are  included  laminated  and  somewhat  hardened  argillaceous  recks 
which  are  capable  of  being  split  along  the  lines  of  deposit  into  thin 
leates.  They  present  almost  endless  varieties  of  texture  and  com* 
position,  passing  on  the  one  hand  into  clays,  or,  where  much  in- 
durated, into  slates  and  argillaceous  schists,  on  the  other  into  flagstones 
and  sandstones,  or  again,  utrough  calcareous  gradations  into  limestone, 
or  through  ferruginous  varieties  into  clay-ironstone^  and  through 
bituminous  kinds  into  coaL  Some  of  the  altered  kinds  of  day-rocks 
have  already  been  described.  Flinty-slate  or  Lydian-stone  and  clay- 
■late  are  merely  forms  of  clay  that  have  undergone  change  from 
pressure  or  infiltrating  solutions  {see  pp.  117, 121). 

3,.  Volcanic  Fxagmental  Rocks — Tuffs. 

This  section  comprises  ^1  deposits  which  have  resulted  from  the 
oomminution  of  volcanic  rocks.  They  thus  ii\clude  (1),  those  which 
consist  of  the  fragmentary  materials  ejected  from  volcanic  foci^  or  the 
true  ashes  and  tuffs ;  and  (2),  some  rocks  derived  from  the  superficial 
disintegration  of  already  erupted  and  cousolidated  volcanic  masses. 
Obrioiwy  the  second  series  ought  properly  to  be  classed  with  the 
Mody  or  clayey  rocks  above  described,  sinoe  they  have  been  formed  in 

^  Vt^B  IHel.  Arti,  &o.  ii  p.  142. 
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the  same  way.  In  practice,  however,  these  detrital  reconstmcted 
rocks  cannot  always  be  certainly  distinguished  from  those  which  have 
been  formed  by  the  conFolidation  of  true  volcanic  dust  and  sand.  Their 
chemical  and  lithological  characters,  both  macroscopic  and  micro- 
scopic, are  occasionally  so  similar,  that  their  respective  modes  of  origin 
have  to  be  decided  by  other  considerations,  such  as  the  occurrence  of 
lapilli,  bombs,  slags  in  the  truly  volcanic  series,  and  of  well  water- 
worn  pebbles  of  volcanic  rocks  in  the  other.  Attention  to  ihese 
features,  however,  usually  enables  the  geologist  to  make  the  dis- 
tinction, and  to  perceive  that  the  number  of  instances  where  he  may 
be  in  doubt  is  less  than  mieht  be  supposed.  Only  a  comparatively 
small  number  of  the  rocks  classed  here  are  not  true  volcanic  ejections. 

Beferring  to  the  accoimt  of  volcanic  action  in  Book  IIL  Part  I., 
we  may  here  merely  define  ihe  use  of  the  names  by  which  .the 
different  kinds  of  ejected  volcanic  materials  are  known. 

Volcanic  JBlocks. — ^Angular,  sub-angular,  round,  or  irregularly- 
shaped  masses  of  lava  several  feet  in  diameter,  sometimes  of  uniform 
texture  throughout,  as  if  they  were  large  £ntgments  dislodged  by 
explosion  from  a  previously  consolidated  rock,  sometimes  compact  in 
the  interior  and  cellular  or  slaggy  outside. 

Bombs. —Hound,  elliptical,  or  discoidal  pieces  of  lava  from  a  few 
inches  up  to  one  or  more  feet  in  diameter.  They  are  frequently 
cellular  mtemally,  while  the  outer  parts  are  fine  grained.  Occasion- 
ally they  consist  of  a  mere  shell  of  lava  with  a  hollow  interior  like 
a  bomb-shell.    Their  mode  of  origin  is  explained  at  p.  206. 

Lapilli  (rapillr). — Ejected  fragments  of  lava,  round,  angular,  or 
indefinite  in  -aht^,  varying  in  size  from  a  pea  to  a  walnut.  Their 
mineralogical  composition  depends  upon  that  of  the  lava  from  which 
they  have  been  thrown  up.  Usually  they  are  porous  or  finely 
vesicular  in  texture. 

Volcanic  Sand,  Volcanic  iLah. — The  finer  detritus  erupted  from 
volcanic  orifices,  consisting  partlv  of  rounded  and  angular  fragments 
up  to  about  the  size  of  a  pea,  derived  from  the  explosion  of  lava 
within  eruptive  vents,  partly  of  vast  quantities  of  microliths  and 
crystals  of  some  of  the  minerals  of  the  lava.  The  finest  dust  is  in  a 
state  of  extremely  minute  subdivision.  When  examined  under  the 
microscope,  it  is  sometimes  found  to  consist  not  only  of  minute  crystals 
and  microliths,  but  of  volcanic  glass,  which  may  be  observed  adhering 
to  the  microliths  or  crystals  round  which  it  fiowed  wlien  still  part  of 
the  fluid  lava.  The  presence  of  minutely  cellular  fra^gments  is 
characteristic  of  most  volcanic  fragmental  rocks,  and  this  structure 
may  commonly  be  observed  in  the  microscopic  fragments  and 
filaments  of  glaiss. 

When  these  various  materials  are  allowed  to  accumulate,  they 
become  consolidated  and  receive  distinctive  names.  In  cases  where 
they  fall  into  the  sea  or  into  lakes,  they  are  liable  at  the  outer  margin 
of  their  area  to  be  mingled  with,  and  insensibly  to  pass  into  ordinary 
non-volcanic  sediment.    Hence  we  may  expect  to  find  transitional 
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Taiiaties  between  rocks  formed  directly  from  the  results  of  yolcanic 
explosion  and  ordinary  sedimentary  deposits. 

Yolcanic  Conglomerate. — A  rock  composed  mainly  or  wholly  of 
rounded  or  sab-angular  fragments  of  any  yolcanic  rocks  in  a  paste 
derived  chiefly  or  wholly  from  the  same  materials,  usually  exhibiting 
a  stratifled  arrangement^  and  often  found  intercalated  between 
successive  sheets  of  lara.  Conglomerates  of  this  kind  may  haro 
beea  formed  by  the  accumulation  of  rounded  materials  ejected  from 
Tolcanic  rents ;  or  as  the  result  of  the  aqueous  erosion  of  previously 
•alidified  lavas,  or  by  a  combination  of  both  these  processes.  Well- 
rounded  and  smoothed  ston^  almost  certainly  indicate  long-continued 
water-action  rather  than  trituration  in  a  volcanic  vent.  In  the 
Western  Territories  of  the  United  States  vast  tracts  of  country 
are  covered  with  masses  of  such  conglomerate,  sometimes  2000  feet 
tiiick.  Captain  Dutton  has  recently  shown  that  similar  deposits  are 
in  course  of  formation  there  now,  merely  by  the  influence  of  dis- 
integration upon  exposed  lavas.^ 

Yolcanic  conglomerates  receiye  different  ^ames  according  to  the 
nature  of  the  component  fr^ments ;  thus  we  have  basaUeonglomerates, 
where  these  fragments  are  wholly  or  mainly  of  basalt,  trachyte-^eon* 
glomeraJtes^  porphyrite-conglamerates,  phonoliie-^xmghmerates,  &c. 

Yolcanic  Breccia  resembles  volcanic  conglomerate,  except  that 
the  stones  are  angular.  This  angularity  indicates  an  absence  of 
aqneous  erosion,  and,  under  the  circumstances  in  which  it  is  found, 
nsaally  points  to  immediately  adjacent  volcanic  explosions.  There 
IB  a  great  variety  of  breccias,  as  basaU-hreeeia,  diabaaehreccia,  &c. 

Yolcanic  Agglomerate. — A  tumultuous  assemblage  of  blocks  of 

all  sizes  up  to  masses  several  yards  in  diameter,  met  with  in  the 

**  necks  "  or  pipes  of  old  volcanic  orifices.    The  stones  and  paste  are 

commonly  of  one  or  more  yolcanic  rocks,  such  as  basalt  or  porphyrite, 

but  they  include  also '.fragments  of  the  surrounding  rocks,  whatever 

these  may  be,  through  which  the  volcanic  orifice  nas  been  drilled. 

As  a  rule,  agglomerate  is  devoid  of  stratification ;  but  sometimes  it 

includes  portions  which  have  a  more  or  less  distinct  arrangement  into 

beds  of  coarser  and  finer  detritus,  often  placed  on  end^  or  inclined  in 

different  directions  at  high  angles,  as  described  in  Book  IV.  Part  VII. 

Yolcanic  Toff. — ^This  general  >term  may  be  made  to  include  all 

the  finer  kinds  of  yolcanic  detritus,  ganging  on  the  one  hand  through 

coarse  gravelly  deposits  into  .conglomerates,  and  on  the  other  into 

exceedingly  compact  fine-grained  rocks  formed  of  the  finest  and 

most  im^pable  kind  of  volc^ic  ^nst.    Some  modem  tuffs  are  full 

of  microlitns  derived  from  the  laya  which  was  blown  into  dust. 

Others  are  formed  of  small  rounded  or  angujlar  grains  of  different 

lavas,  with  fragments  of  various  rocks  through  which  the  volcanic 

fdnoels  have  ^n  drilled*    The  tuffs  of  earlier  geological  periods 

have  often  been  so  much  altered,  that  it  is  difificult  to  state  what  may 

have  been  their  original  condition.    The  absence  of  microliths  and 

^  High  Plateaux  qf  Utah,  p.  77. 
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glass  in  them  is  no  proof  that  they  are  not  true  tuffs;  for  the 
presence  of  these  bodies  depends  upon  the  nature  of  the  lavas.  If 
the  latter  were  not  vitreous  and  microlithic,  neither  would  be  the 
tuffs  derived  from  them.  In  the  Carboniferous  volcanic  area  of 
Central  Scotland  the  tuffs  are  made  up  of  debris  and  blocks  of  the 
basaltic  lavas,  and,  like  «tbese,  are  not  microlithic,  though  in  some 
places  they  abound  in  fragments  of  palagonite  (Fig.  27). 

Tuffs  have  consolidated  sometimes  under  water,  sometimes  on 
dry  land.  As  a  rule  they  are  distinctly  stratified.  Near  the 
original  vents  of  -eruption  tney  commonly  present  rapid  alternations 
of  liner  and  .coarser  detritus,  indicative  of  successive  phases  of 
volcanic  activity.  They  necessarily  shade  off  into  the  sedimentary 
formations  with  which  they  were  contemporaneous.  Thus  we  haye 
tuffs  passing  graduallv  into  shale,  limestone,  sandstone,  &c.  The 
intermediate  varieties  have  been  called  ashy  shale,  tuffaeeous  shale,  or 
shaley  tuff,  &c.  From  the  circumstances  of  their  formation,  tuffs 
frequently  preserve  the  remains  of  plants  and  animals,  both  terrestrial 
and  aquatic.  Those  of  Monte  Somma  contain  fragments  of  land 
plants  and  shells.  Some  of  those  of  Carboniferous  age  in  Central 
Scotland  have  yielded  crinoids,  brachiopods,  and  other  marine  shells. 
Like  the  other  fragmentary  volcanic  rocks,  the  tuffs  may  be  sub- 
divided according  to  the  nature  of  the  lava  from  the  disintegration 
of  which  they  have  been  formed.    Thus  we  Ilslyb  febite-tuffs,  traehyU' 


Fig.  27.— M10BO6OOPIO  STB^orumi  of  Palaqokitv  Teir  fbom  Bubktiblaxd,  Tom. 


tuffs,  basaH-tuffs,  pumice-tuffs,  porphyrite-iuffs,  &c.    A  few  varieties 
with  special  characteristics  may  be  mentioned  here.^ 

Trass. — A  pale  yellow  or  grey  rock,  rough  to  the  feel,  composed  of 
an  earthy  or  compact  pumiceous  dust,  in  which  fragments  of  pumice, 
trachyte,  greywacke,  oasalt,  carbonized  wood,  &c.,  are  imbedded. 
It  has  fill^  up  some  of  the  valleys  of  the  Eifel,  where  it  is  largely 
quarried  as  a  hydraulic  mortar. 

^  On  the  ocourrenoe  and  ittruoture  of  tnfis,  see  J.  0.  Ward,  Q.  J.  OeoL  Soe.  Oeflde, 
Tran$.  B(*y,  Soe.  Edin.  xzix.  Vogelsang,  Z.  DeuUeh,  OepL  Oe$.  xziy.  p.  548.  Penek. 
op.  eU.  xxxL  p.  504.  On  the  metamorphiBtai  of  tuflSi  iatp  Uva-like  rookB,  tee  Dutiao*t 
Migh  Plateaux  0/  Utah  (U.  B.  Geogiaph.  and  GeoL  Surrey  of  Booky  Moanta.)^  1S80,  p.  79. 
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Peperino. — ^A  dark  brown  earthy  or  granular  tuff  found  in  con- 
nderable  quantity  among  the  Alban  Hills  near  Bomey  and  containing 
aboBdant  crystals  of  angite,  mica,  leucite,  magnetite^  and  fragments 
of  crystalline  limestone,  basalt,  and  lencite-lara. 

Palagonite-Tnfll — A  bedded  aggregate  of  dust  and  fragments  of 
basaltic  lava,  among  which  are  conspicuous  angular  pieces  and  minute 
granules  of  the  pale  yellow,,  green,  red,,  or  brown  basic  glass  called 
palaffonite.  This  vitreous  substance  is  intimately  related  to  the 
oa^ts.  It  appears  to  have  gathered  within  yolcanic  vents  and 
to  have  been  emptied  thence,  not  in  streams,  but  by  successive 
aeriform  explosions,  and  to  have  been  subsequently  more  or  less 
altered.  The  percentage  composition  of  a  specimen  from  the 
typical  locality,  jPalagonia,  in  the  Val  di  Noto,  Sicily,  was  estimated 
by  8-  von  Waltershausen  to  be  silica,  41  •26';  alumina,  8*60 ;  ferric 
oxide,  25*32;  lime,  5*59;  magnesia,  4*84;  potash,  0*64;  soda,  1*06; 
water,  12'79.  This  roek  is  largely  deiwloped  amon^- the  products  of 
the  Icelandic  and  Sicilian  volcanoes ;  it  occurs  also*  m  the  Eifel  and 
in  Nassau.  It  has  recently  been  found  to  be  one  of  the  characteristic 
ftratuies  of  tuffs  of  Carboniferous  age  in  Centcal  Scotland  ^  (Fig.  27). 

SchalsteixL — ^UnHer  this  name  German  petrographers  have 
placed  a  variety  of  rocks  which  consist  of  a  gTeen,-grey,  red,  or  mottled 
diabase-tuff  impregnated  with  carbonate  of  lime  and  mixed  with 
calcareous  and  argillaceous  mud.  They  are  interstratified  with  the 
Devonian  formations  of  Nassau  and  the  Harz,  and  with  the  Silurian 
rocks  of  Boliemia.  They  sometimes  contain  fragments  of  clay-slate, 
and  are  occasionally  fossilifetous.  They  present  amygdaloidal  and 
porphyritie,  as  well  as  perfiectly  laminated  structures.  Probably 
they  are  in  moet  cases  true  tufis,  but  sometimes  they  may  be  forms 
of  diabase-lavas,  which,,  like  the  stratified  formations  in  which  they 
lie,  have  undergone  alteration,,  and  in  particular  have  acquired  a 
mure  or  lesa- distinctly  fissile  structure.^ 

4.    ^tegmental  Rocks  of  Organic  Origin. 

Thiff  series  includee  deposits  formed  either  by  the  growth  and 
decay  of  organisma  m  situ^  or  by  the  transport  and  subsequent 
accumulation  of  their  remains.  These  may  be  conveniently  grouped, 
according  to  the  predominant  chemical  ingredient,  into  Ualcareons^ 
Siliceous,  Phosphatio;  Carbonaceous,  and  Ferruginous. 

(1.)  Calcareous. 

Besides  the  calcareous  formations  above  described  (p.  Ill)  among 
the  stratified  crystalline  rocks  as  resulting  from  the  deposition  of 
chemical  precipitates,  a  still  more  important  series  is  derived  from 

*  Tnn$,  Boy.  Soe.  Edin,  xxix.  p.  5t4. 

'  On  loaie  foliated  igDeoot  tockg  in  the  *<  KiUas '*  of  Cornwall,  see  J.  A.  PbiDips, 
Q  /.  Q«>l..8oc  zxxii.  p.  155,  xzxiy.  p.  47L 
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the  remains  of  living  organisms,  either  by  growth  on  the  spot  or  by 
transport  and  accumulation  as  mechanical  sediment.  To  by  far  the 
larger  part  of  the  limestones  intercalated  in  the  rocky  framework  of 
our  continents  an  organic  origin  may  with  probability  be  assigned. 
It  is  true,  as  has  been  above  mentioned,  that  limestone,  formed  of 
the  remains  of  animals  or  plants,  is  liable  to  an  internal  crystalline 
rearmngement,  the  effect  of  vhich  is  to  obliterate  the  oi^anio 
structure.  Hence  in  tiiany  of  the  older  limestones  no  trace  of  any 
fossils  can  be  detected,  and  yet  these  rocks  were  almost  certainly 
formed  of  organic  remains.  An  attentive  microscopic  study  of 
organic  calcareous  structures  and  of  the  mode  of  their  replacement 
by  crystalline  calcite,  affords,  however,  indications  of  former  organ- 
isms, even  in  the  midst  of  thoroughly  crystalline  materials.^ 

Limestone^  composed  of  the  remains  of  calcareous  organisms, 
is  found  in  layers  which  range  from  mere  thin  laminae  up  to  massive 
beds,  several  feet  or  even  yards  in  thickness.  In  some  instances, 
such  as  that  of  the  Carboniferous  or  Mountain  limestone  of  Englaiid 
and  Ireland,  and  that  of  the  Coal-measures  in  Wyoming  and  Utah, 
it  occurs  in  continuous  su|>)erposed  beds  to  a  united  thickness  of 
several  thousand  feet,  and  extends  for  hundreds  of  square  miles, 
forming  the  rock  out  of  which  picturesque  gorges,  hills,  and  tablelands 
have  been  excavated. 

Limestones  of  organic  origin  present  every  gradation  of  texture 
and  structure,  froiln  mere  soft  caleareous  mud  or  earth,  evidently 
composed  of  entire  or  crumbled  organisms  up  to  solid  compact 
crystalline  rock,  in  which  indications  of  an  organic  source  can  hardly 
be  perceived.  Mr.  Sorby,  in  the  address  alreaiy  cited,  calls  renewed 
att-ention  to  the  importance  of  the  fonin  in  which  carbonate  of  lime 
is  built  up  into  animal  structures.  Quoting  the  opinion  of  Rose 
expressed  m  1858,  that  the  diversity  in  the  state  of  preservation  of 
different  shells  might  be  due  to  the  fact  that  some  of  them  had 
their  lime  as  calcite,  others  as  aragouite,  he  shows  that  this  opinion 
is  amply  supported  by  microscopic  examination.  "Evert  in  the  shells 
of  a  recent  raised  beach  he  observed  that  the  inner  aragonite  layer 
of  the  coj^mon  mussel  had  been  completely  removed,  though  the 
outer  layer  of  calcite  was  well  preserved.  In  some  shelly  limestones 
containing  cast%  the  aragonite  shells  have  alone  disappeared,  and 
where  these  still  remain  represented  by  a  calcareous  layer,-  this  has 
BO  longer  the  original  structure,  but  is  more  or  less  coarsely 
crystalline,  being  in  fact  a  pseudomorph  of  calcite  after  aragonite 
and  quite  unlike  contiguous  calcite  sheUs,  which  retain  their  origiaal 
microscopical  and  optical  characters.* 

The  following  list  comprises  some  of  the  more  distinctive  and 
important  forms  of  orgai^ically  derived  liftiestones. 

Shell-Marl — a  soft,  white,  earthy,  or  crumbling  deposit  formed 

»  Sorby,  Addrtn  to  Geol,  Sociely,  Febrasiy,  1S7». 

*  The  gtudeut  wiU  find  the  atldress  from  which  these  dtationg  aze  made  ftill  of 
•uggesUve  matter  in  regard  to  the  origin  and  mibseqnent  history  of  lime^ooes. 
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in  lakes  and  ponds  by  the  accnmulation  of  the  remains  of  shells  and 
Eniomariraca  on  the  bottom.  When  such  calcareous  deposits  become 
solid  coropact  stone  they  are  known  as  fresh-water  (lacustrine)  lime'* 
iiones.  These  are  generally  of  a  smooth  texture,  and  either  dull  >vhite 
or  pale  grey,  their  fracture  sliphtly  conchoidal,  rarely  splintery. 

Calcareous  (Foraminiferal)  Ooze — a  white  or  grey  cal- 
careous mud,  of  organic  origin,  found  covering  vast  areas  of  the  floor 
of  the  Atlantic  and  other  oceans,  and  formed  mostly  of  the  remains 
of  Faramini/era,  particularly  of  forms  of  the  genus  Glohigerina, 
Further  account  of  this  and  other  organic  deep-sea  deposits  is  given 
in  Book  III.  Part  II.  Section  iii. 


Fw.  28.— FoBAMnrrPEBAL  (Gcobtoertva)  Ooze,  dredged  by  the  "  Crallekoer  "  Expedi- 
tion us  Lat.  50^  1'  ti.)  Long,  123^  4'  K,  fbom  a  depth  of  1800  Fathomb,  magnified 
do  Diambtebs. 

Shell  sand — a  deposit  composed  in  great  measure  or  wholly 
of  comminuted  shells,  found  eommonly  on  a  low  shelving  coast 
exposed  to  prevalent  on-shore  winds.  When  thrown  above  the  reach 
of  the  waves  and  often  wetted  by  rain,  or  by  trickling  runnels  of 
water,  it  is  apt  to  become  consolidated  into  a  mass,  owin?  to  the 
solution  and  redeposit  of  lime  round  the  grains  of  shell  (p.  155). 

Coral-rock — a  limestone  formed  by  the  continuous  growth  of 
^ral-building  polyps.  This  substance  affords  an  excellent  illustra* 
tion  of  the  way  in  which  organic  structure  may  be  effaced  from  a 
Ihnestone  entirely  formed  from  the  remains  of  once  living  animaU, 
Though  the  skeletons  of  the  reef-building  corals  remain  distinct 
on  the  upper  sorface,  those  of  their  predecessors  beneath  them  are 
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gradually  obliterated  by  the  passage  through  them  of  percolating 
water  dissolving  and  redepositing  calcium  carbonate.  'We<ian  thus 
understand  how  a  mass  of  crystalline  limestone  may  have  been 
produced  from  one  formed  out  of  organic  remains  without  the  action 
of  any  subterranean  heat,  but  merely  by  the  permeation  of  water 
from  the  surface.^ 

Chalk — a  white  soft  rock,  meagre  to  the  touch,  soiling  the 
fingers,  formed  of  a  fine  calcareous  fiour  derived  irom  the  remains  of 
Foraminiferay  echinoderms,  molluscs,  and  other  marine  organisms. 
By  making  thin  slices  of  the  rock  and  examining  them  under  tbd 
microscope,  Sorby  has  found  that  Foraminifera,  particularly  GfoW- 
gerina,  and  single  detached  cells  of  comparatively  shallow-water 
lorms,  probably  constitute  less  than  half  of  the  rock  by  bulk  (Fig. 
14),  the  remainder  cofisisting  of  detached  prisms  of  the  outer 
calcareous  layer  of  Inoceramm,  fragments  of  Ostrea,  Pecten^  echino- 
derms, spicules  of  sponges,  &c.  It  19  not  quite  like  any  known 
modern  deep-sea  deposit. 

Crinoidal  (Encrinite)  Limestone — a  rock  composed  in 
great  part  of  crystalline  joints  of  encrinites,  with  ForaminiferOj 
corals,  and  molluscs.  It  varies  in  colour  from  white  -or  pale  grey, 
through  shades  of  bluish-grey  (sometimes  yellow  or  brown,  less 
cx)mmonly  red)  to  a  dark-grey  or  even  black  colour.  It  is  abundant 
among  Pakeozoie  fon^ations,  being  in  Western  Europe  especially 
characterislic  of  the  k>H'er  part  of  the  Carboniferous  system. 

(2.)  SiliceotiS. 

Silica  is  directly  eliminated  from  both  fresh  «tid  salt  water  by  the 
vital  growth  of  plants  and  animals.     (Book  III.  Part  II.  Section  iiL) 

Diatom-earth  (Infusorial  earth) — a  siliceous  deposit  formed 
chiefly  of  the  frustules  of  diatoms,  laid  down  both  in  salt  and  in  fresh 
water.  Wide  areas  of  it  are  now  being  d^osifed  on  the  bed  of  the 
South  Pacific  {DfcUom-ooze,  Fig.  173).  In  Virginia,  United  States,  an 
extensive  tract  occurs  covered  with  diatom-earth  to  a  depth  of  40  feet 
it  is  uaed  as  iripoU  powder  for  polishing  purposes. 

Radiolarian-ooze — ^an  abysmnl  marine  aeposit  consisting  mainly 
of  the  remains  of  siliceous  radiolarians  and  diatoms  (Fig.  181).  It  is 
further  referred  to  in  Book  IIL  Part  II.  Section  iii. 

Flint  (Chert)  has  been  already  (p.  117)  described,  but  should 
find  a  place  also  here  from  its  evident  connection  with  or^nic 
agency.  It  frequently  encloses  sponges,  echini,  shells,  Ac.,  and  has 
evidently  formed  round  these  on  the  sea-floor,  and  has  replaced  their 
original  calcium-carbonate.  In  some  cases,  as  in  the  spicules  oi 
sponges,  it  has  had  a  directly  organic  origin,  having  been  secret^ 
from  sea-water  by  the  living  organisms;  in  other  caftea,  where, for 
example  we  find  a  calcareous  shell,  or  echinus,  or  coral,  converted 
into  silica,  it  would  seem  that  the  substitution  of  silica  for  calciuo- 

*  See  Dan«*8  Coral  and  Coral  I^andi,  p.  354. 
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earbcmate  has  been  effected  by  a  process  of  chemical  pseudomor- 
phism  either  after  or  during  the  formation  of  the  limestone.  The 
Tertical  ramifying  masses  of  flint  in  chalk  show  that  the  calcareous 
ooze  had  to  some  extent  accumulated  before  the  segregation  of  these 


^.)  Fhosphatie. 

A  few  invertebrata  contain  phosphate  of  lime.  Amon^  these 
may  be  mentioned  the  brachiopods  Lingula  and  OrbievSz,*  also 
(hnularia,  SerpulUes,  and  probably  some  Crustacea.  The  shell  of  the 
recent  lAnyula  ovalis  was  found  by  Hunt  to  contain,  after  culcination, 
61  per  cent,  of  fixed  residue,  which  consisted  of  85*70  per  cent,  of 
phosphate  of  lime;  11*75  carbonate  of  lime,  and  2*80  magnesia. 
The  bones  of  yertebrate  animals  likewise  contain  about  60  per  cent, 
of  phosphate  of  lime,  while  their  excrement  sometimes  abounds  in 
the  same  substance.  Hence  deposits  rich  in  phosphate  of  lime  haye 
reeolted  from  the  accumulation  of  animal  remains  from  Silurian 
times  up  to  the  present  day.  These  certainly  are  far  inferior  in 
extent  and  importance  to  the  calcareous,  and  eyen  to  the  siliceous, 
formations,  yet  they  are  often  of  singular  geological  interest.  The 
following  examples  may  serye  as  illustrations. 

Ouano. — A  deposit  consisting  mainly  of  the  droppings  of  sea-fowl, 
fonned  on  islands  m  rainless  tracts  off  the  western  coasts  of  South 
America  and  of  Africa.  It  is  a  brown,  light,  powdery  substance  with 
a  peculiar  ammouiaeal  odotir.  Analyses  of  American  guano  giye 
—combustible  organic  matter  and  acids,  11*3  ;  ammonia  (carbonate, 
urate,  &c\  31*7;  fixed  alkaline  salts,  sulphates^  phosphates, 
chlorides,  ac,  8*1 ;  phosphates  of  lime  and  nu^nesia,  22*5 ;  oxalate 
of  lime,  2*6 ;  sand  and  earthy  matter,  1*6 ;  water,  22*2.  This  remark- 
able formation  is  highly  yaluable  as  a  source  of  artificial  manures. 
(Book  m.  Part  11.  Section  iii.) 

Bone-Breccia. — A  deposit  consisting  largely  of  fragmentary 
bones  of  liying  or  extinct  mammalia,  found  sometimes  Under  stalag- 
mite on  the  floors  of  limestone  cayerns  more  or  less  mixed  with 
earth,  sand,  or  lime.  In  some  older  geological  formations,  bo  n  em- 
beds occur,  formed  largely  of  the  remains  of  reptiles  or  fishes,  as  the 
"Lias  bone-bed,**  and  tne  ^  Ludlow  bone-bed.^' 

Coprolitic  nodtQes  and  beds^^are  formed  of  the  accumulated 
excrement  of  yertebrated  animals.  Among  the  Carboniferous  shales 
of  the  basin  of  the  Firth  of  Forthy  coprolitic  nodules  are  abundant^ 
together  with  the  bones  and  scales  of  the  larger  ganoid  fishes  which 
Toided  them ;  abundance  of  broken  scales  and  bones  of  the  smaller 

>  On  fonsation  of  obalk  flints,  see  Wallioh,  Q.  /.  O^.  8oe.  xxztL  p.  6S.  SoUas, 
Aim,  Man.  Nat  EuL  ISSO.  Hull  and  Hardman  on  Ghert,  Traiu,  Bay,  Dub.  800,^  new 
•eriei,tol.i.b.  71, 1878.  -.  _ 

*  Sierrj  Haut.  Amer,  Joum,  Soe.  xrii.  (1854),  p.  286.  Logan's  OtoU>gy  of  Canada^ 
1863.D.4ei. 

'  Od  the  orifftn  of  phoSphatte  nodnlet  and  Ms,  see  Gmner.  BvU,  Soe,  GM,  France, 
xxriii.  (2Qd  ter!)  p.  62.    Martin,  op.  eH,  HL  3rd  sec  p.  278. 


Digitized  by 


Google 


170  GEOGNOSY.  IBook  IL 

ganoids  can  nsiially  be  obserTed  in  the  coprolites.  Among  the 
Lower  Silurian  rocks  of  Canada,  namerons  phospbattc  nodnles, 
supposed  to  be  of  coprolitic  origin,  occur.*  Associated  with  the 
Baia  limestone  in  the  Lower  Silurian  series  of  North  Wales  is  a 
bend  composed  of  concretions  cemented  in  a  black  graphitic,  slightly 
phosphatic,  matrix,  and  containing  usually  64  per  cent,  of  phosphate 
of  lime  (phosphorite).'  The  tests  of  the  trilooites  and  other  organ- 
isms amon^  the  Cambrian  rocks  of  Wales  also  contain  phosphate  of 
lime,,  sometimes  to  the  extent  of  20  per  cent'  The  phosphadc  beds 
of  the  Cambridgeshire  Cretaceous  rocks  are  now  largely  worked  as 
a  source  of  artificial  manure. 


(4.)  Carbonaceous. 

The  formations  here  included  hare  almost  always  resulted  from 
the  decay  and  entombment  of  vegetation  on  the  spot  where  it  grew, 
sometimes  by  the  drifting  of  the  plants  to  a  distance  and  their 
consolidation  there.  (See  Book  III.  Part  II.  Section  iii.,  Life.) 
In  the  latter  case,  they  may  be  mingled  with  inorganic  sediment, 
so  as  to  pass  into  carbonaceous  shale. 

Peat. — ^Vegetable  matter,  more  or  less  decomposed  and  chemically 
altered,  found  throughout  temperate  climates  in  boggy  places  where 
marshy  plants  grow  and  decay.  It  varies  from  a  pale  yellow  or 
brown  fiorous  substance,  like  turf  or  compressed  hay,  in  which  the 
plant-remains  are  abundant  and  conspicuous,  to  a  compact  dark- 
orown  or  black  material,  resembling  black  clay  when  wet,  and  some 
varieties  of  liraite  when  dried.  The  nature  and  proportions  of  the 
constituent  elements  of  peat,  after  being  dried  at  KXT  C,  are 
illustrated  by  the  analysis  of  an  Irish  example  which  gave — carbon, 
($0-48 ;  hydrogen,  610 ;  oxygen,  32-55  ;  nitrogen,  0*88 ;  while  the 
ash  was  3-30. 

There  is  always  a  large  proportion  of  water  which  cannot  be 
driven  off  even  by  drying  the  peat.  In  the  manufacture  of  oom« 
pressed  peat  for  fuel  this  constituent,  which  of  course  lessens 
the  value  of  the  peat  as  compared  with  an  equal  weight  of  coal,  is 
driven  off  to  a  great  extent  by  chopping  the  peat  into  fine  pieces, 
and  thereby  exposing  a  large  surface  to  evaporation.  The  ash 
varies  in  amount  from  less  than  1*00  to  more  than  65  per  cent^ 
and  consists  of  sand,  clay,  ferric  oxide,  sulphuric  acid,  and  nunate 
propoi-tions  of  lime,  soda,  potash,  and  magnesia.^ 

Lignite  (Brown  ooal). — Compact  or  earthy  compressed  and 
chemically  altered  vegetable  matter,  often  retaining  a  lamellar  or 
ligneous  texture,  with  stems  showing  woody  fibre  crossing  each  other  in 

'  Oectogy  of  Canada,  p,  461. 

»  D.  0.  Dtiyies.    Q.  J>GeoL  Sod  zxxi  p.  857.  '  HiekF,  op,eii,p.  S98. 

*  See  ISenfl't  Humui"  Maneh-  Torf-  uni  Limomt-hildungen^  Leipsdg,  IS62. 
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all  directions.  It  varies  from  pale  brown  or  yellow  to  deep  brown  or 
black.  Some  shade  of  brown  is  the  usual  colour,  whence  the  name 
hrmtn  coal,  by  which  it  is  often  known.  It  contains '  from  55  to  75 
per  cent  of  carbon,  has  a  sj)ecific  gravity  of  0*5  to  1*5,  bums]  easily 
to  a  li;^ht  ash  with  a  sooty  flame  and  a  strong  burnt  smell.  It  occurs 
in  beds  chiefly  among  the  Tertiarv  strata,  under  conditions  similar  to 
those  in  which  coal  is  found  in  older  formations.  It  may  be  regarded 
as  a  stage  in  the  alteration  and  mineralization  of  vegetable  matter 
intermediate  between  peat  and  true  coal. 

Coal. — A  compact  usually  brittle  velvet  black  to  pitch-black,  iron- 
black,  or  dull,  sometimes  brownish  rock,  with  a  greyish  black  or  brown 
streak,  and  in  some  varieties  a  distinctly  cubical  cleavage,  in  others  a 
conchuidal  fracture.    It  contains  from  75  to  85  per  cent  of  carbon. 


PiGL  29. — MiCRoacoPiG  Stbuoture  of  Dalkeith  Ck)AL,  shbwino  Ltoopodiacbous 

SroBANQIA   (MAGNIFIBD  200   DlAMETEBS). 

has  a  specific  gravity  of  1*2 — 1*35,  bums  with  comparative  readiness, 
giving  a  clear  flame,  a  strong  aromatic  or  bituminous  smell,  some 
Tarieties  fusing  and  caking  into  cinder,  others  burning  away  to  a 
mere  white  or  red  ash. 

In  coal,  though  it  consists  of  compressed  vegetation,  no  trace 
of  organic  structure  is  usually  apparent.  An  attentive  examination, 
however,  will  often  disclose  portions  of  stems,  leaves,  &c.,  or  at  least  of 
carbonized  woody  fibre.  Some  kinds  are  almost  wholly  made  up  of 
the  spore-cases  of  lycopodiaceous  plants.  There  is  reason  to  believe 
that  different  varieties  of  coal  may  have  arisen  from  original  diversities 
in  the  nature  of  the  vegetation  out  of  which  thev  were  formed. 

Coal  oc<*ur8  in  seams  or  beds  intercalated  between  strata  of 
laiidstone,  shale,  fireclay,  &c.,  in  geological  formations  of  PalsBozoic, 
(Seoon'lary,  and  Tertiary  age.  It  should  be  remembered  that  the 
word  coal  is  rather  a  popular  than  a  scientific  term,  being  indis* 
criminately  applied  to  anv  mineral  substance  capable  of  being  used 
hA  fael  Dtrictly  employed,  it  ought  only  to  be  used  with  reference  to 
beds  of  foesiliEed  vegetation,  the  result  either  of  the  growth  of  plants 
on  the  spot  or  of  the  drifting  of  them  thither. 
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The  following  analyses  show  the  chemical  constitnents  in  some  of 
the  principal  varieties  of  coal : — 


1 

Caking  Cod. 

Splint  CmL 

CaODdOCML 

Antbndto. 

OarboQ 

Hydrogpen   .... 
Oxygen  \ 

NitroflTfii/  •     •     •     • 
Earthy  Substances 

Spedflo  grayity     .     . 

86-75 
5  24 

6-61 

1-40 

79-58 

5-50 

/8-33 

\M3 

5-46 

66-4 
7-54 

10-84 
1-86 

13-82" 

91-44 
3-46 
2-58 

0-21 
2-81 

1  28 

1-31 

1-27  . 

1-89 

Anthracite— 'the  most  highly  mineralized  form  of  regetation— 
is  an  iron-black  to  velvet-black  snbstance,  with  a  strong  metalloidal 
to  vitreous  Instre,  hard  and  brittle,  containing  over  90  per  cent,  of 
carbon,  with  a  specific  gravity  of  1*35 — 1*7.  It  kindles  with  difficulty, 
and  in  a  strong  draught  bums  without  fusing,  smoking,  or  smelling, 
but  giving  out  a  great  heat  It  is  a  coal  from  which  the  bituroinons 
parts  have  been  eliminated.  It  occurs  in  bedb  like  ordinary  coal, 
but  in  positions  where  probably  it  has  been  subjectedf  to  some 
change  wherebj^  its  volatile  constituents  have  been  expelled.  It  is 
found  largely  m  Son4h  Wales,  and  sparingly  in  the  Scottish  Goal-  • 
fields,  where  the  ordinary  coal-seams  have  been  approached  by 
intrusive  masses  of  igneous  rock.  It  is  largely  developed  in  the 
great  coal-^eld  of  Pennsylvania.  Some  Lower  Silurian  shales  are 
blactc  from  diffused  anthracite,  and  have  in  consequence  led  to  fruit- 
less  searches  for  coal. 

Oil-shale  (Brandsehiefer). — Shale  containing  such  a  proportion  of 
hydrocarbons  as  to  be  capable  of  yielding  mineral  oil  on  slow  distil- 
lation. This  substance  occurs  as  ordinary  shales  do,  in  layers  or 
beds,  interstratified  with  other  aqueous  deposits,  as  in  the  Scottish 
coal-fields.      It  is  in  a  geological  sense  true  shale,  and  owes  its 

Eecnliarity  to  the  quantity  of  vegetable  (or  animal)  matter  which 
as  been  preserved  amoi^  its  inorganic  constituents.  It  consists  of 
fissile  argillaceous  layers,  highly  impregnated  with  bituminous 
matter,  passing  on  one  side  into  common  shale,  on  the  other  into 
cannel  or  parrot  coal.  The  richer  varieties  yield  from  30  to  40 
gallons  of  crude  oil  to  the  ton  of  shale.  They  may  be  distinguished 
from  non-bituminous  or  feebly  bituminous  shales  (throughout  the 
-shale  districts  of  Scotland)  by  the  peculiarity  that  a  tlun  paring 
curls  up  in  front  of  the  knife,  and  snows  a  brown  lustrous  streak. 
Some  oif  the  oil-shales  in  the  Lothians  are  crowded  with  the  valves 
of  ostracod  crustaceans,  besides  scales,  coprolites,  ftc^  of  ganoid 
fishes.  It  is  possible  that  the  bituminous  matter  mav  in  some 
cases  have  resulted  from  animal  organisms,  though  the  aband* 
Mce  of  plant^reniains  indicates  that  it  is  probably  in  most  cases 
of  vegetable  origin.    Under  the  name  "  pyroschists "  Sterry  Huut 
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clasRes  the  clays  or  shales  (of  all  geological  ages)  which  are 
hydrocarbonaceous,  and  yield  by  distillation  Tolatile  hydrocarbons, 
inflammable  gas,  &c. 

Petroleiuny  a  general  term,  nnder  which  is  included  a  series  of 
natural  mineral  oils.  These  are  fluid  hydrocarbon  compounds,  varying 
from  a  thin,  colourless,  waterjr  liauidity  to  a  black,  opaque,  tar-like 
Tiscidity,  and  in  specific  gravity  from  0*8  to  1*1.  The  paler,  more 
limpid  varieties  are  generally  called  naphtha,  the  darker,  more  viscid 
kiuds  mineral  tar,  while  the  name  petroleum,  or  rock-oil,  has 
been  more  generally  applied  i;o  the  intermediate  kinds. 

Petroleum  occurs  sparingly  in  Europe.  A  few  localities  for  it 
are  known  in  Britain.  It  is  found  in  large  quantity  along  the 
country  stretchiug  from  the  Carpathians,  through  Gallicia  and 
Moldavia,  also  at  Baku  on  the  Caspian.  The  most  remarkable  and 
abundant  display  of  the  substance,  however,  is  in  the  so-called  oil- 
regions  of  ]No£th  America,  particularly  in  Western  Canada  and 
Northern  Pennsylvania,  where  vast  quantities  of  it  have  been  obtained 
in  recent  years.  In  Pennsylvania  it  is  found  especially  in  .certain 
porous  beds  of  sandstone  or  ''sand-rocks,"  which  occur  as  low  down 
18  the  Old  Bed  Sandstone^  or  even  as  the  tqp  of  the  Silurian  system. 
In  Canada  it  is  largely  present  in  still  lower  strata.  Its  origin  in 
these  ancient  formations,  where  it  cannot  he  satisfactorily  con^ 
nected  with  any  destructive  distillation  of  coal,  is  still  an  unsolved 
problem.* 

Asphalt. — A  smooth,  brittle,  pitch-like,  black  or  brownish-black 
mineral,  having  a  resinous  lustre  and  conchoidal  fracture,  streak 
paler  than  surface  of  fracture,  and  specific  gravity  of  1*0  to  1*68.  It 
melts  at  about  the  temperature  of  boiliug  water,  and  can  be  easily 
kindled,  burning  with  a  bituminous  odour  and  a  bright  but  smoky 
flame.  It  is  composed  chiefly  of  hydrocarbons,  with  variable  ad- 
mixture of  oxygen  and  nitrogen.  It  occurs  sometimes  in  association 
with  petroleum,  of  which  it  may  be  considered  a  hardened  oxidized 
form,  sometimes  as  an  impregnation  filling  the  pores  or  chinks  of 
rocks,  sometimes  in  independent  beds.  In  Britain  it  occurs  as  a 
product  of  the  destructive  distillation  of  coals  and  carbonaceous 
thales  by  intrusive  igneous  rocks,  as  at  Binny  Quarry,  Linlith'- 
gowshire,  but  also  in  a  number  of  places  where  its  ongin  is  not 
evident,  as  in  the  Cornish  and  Derbyshire  mining  districts,  and 
among  the  dark  flagstones  of  Caithness  and  Orkney,  which  are  laden 
with  fossil  fishes.  At  Seyssel  (D^partement  de  rAine^  it  forms  a 
deposit  2500  feet  lon^  and  800  feet  broad,  which  yields  1500  tons 
annually.  It  exudes  m  a  liquid  form  from  .the  ground  round  the 
borders  of  the  Dead  Sea.  In  Trinidad  it  forms  a  lake  1^  miles 
in  circumference,,which  is  cool  and  solid  near  the  shore,  but  increases 
in  temperature  and  softness  towards  the  centre. 

Oraphite, — ^This  mineral  occurs  in  masses  of  sufiSci^it  size  and 

■  Bee  8ee(md  OeoH.  8itrv$v  of  Penfuy^vania,  voL  il  1877.  Also  j^fhbumer,  Proe. 
Aam.  PkH  80a,  Deocmber,  lS7d. 
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importance  to  deserve  a  place  in  the  enumeration  of  carbonaceous 
rocks.  Its  m]neraIoQ;ical  characters  have  already  (p.  68)  been 
given.  It  occurs  in  distinct  lenticular  beds,  and  also  diffused  in 
minute  scales,  through  slates,  schists,  and  limestones  of  the  older 
geological  formations,  as  in  Cumberland,  Scotland,  Ca^aada,  and 
Bohemia.  It  is  likewise  found  occasionally  as  the  result  of  the 
alteration  of  a  coal  seam  by  intrusive  basalt^  as  at  Kew  Cummock  in 
Ayrshire. 

(5.)  Ferruginous. 

The  decomposition  of  vegetable  matter  in  marshy  places  and 
shallow  lakes  gives  rise  to  certain  organic  acids,  which,  together  with 
the  carbonic  acid  so  generallv  also  preseut,  decompose  the  ferru- 
ginous minerals  of  rocks  ana  carry  away  soluble  salts  of  iron* 
Exposure  to  the  air  leads  to  the  rapid  decomposition  and  oxidation 
of  those  solutions,  wbich  consequently  give  rise  to  precipitates, 
consisting  partly  of  insoluble  basic  salts  and  partly  of  the  hydrated 
ferric  oxide.  These  precipita^tes  mingled  with  ojay,  sand,  or 
other  mechanical  impurity,  and  also  with  dead  and  decaying: 
organisms,  form  deposits  of  iron-ore.  Operations  of  this  kind 
appear  to  have  been  ^n  progress  from  a  remote  geological  antiquity. 
Hence  ironstonea  with  traces  of  associated  organic  remains  belong 
to  many  different  geologicaji  formations,  and  are  being  formed 
still.^ 

Bog  iTorX'Oxe  (Lake  ore,  min^rai  des  marais,  Sumpferz). — A  dark 
brown  to  black  earthy  but  sometimes  compact  mixture  of  hydrated 
peroxide  of  iron,  phosphate  of  iron^  and  hydrated  oxide  of  manganese, 
frequently  with  clay,  sand,  and  organic  matter.  An  ordinary 
specimen  yielded,  peroxide  of  iron,  62*59 ;  o^ide  of  manganese,  8*52 ; 
sand,  11-37;  phosphoric  acid,  X'50;  sulphuric  acid,  traces;  water 
and  organic  matter,  16'02  =  100*00.  Bog  iron-ore  may  either  be 
formed  in  situ  from  still  wate;r,  or  may  be  laid  down  by  currents  in 
lakes.  Of  the  former  mode  of  formation,  a  familiar  illustration  is 
furnished  by  the  ** moor-band  nan*'  or  liard  ferruginous  crust,  which 
in  boggy  places  and  on  some  ill-drained  land  forms  at  the  bottom  of 
the  soil  on  the  top  of  a  stiff  and  tolerably  impervious  subsoiL 
Abundant  bog-iron  or  lake-ore  is  obtained  from  the  bottoms  of 
lakes  in  Norway  and  Sweden.  It  forms  everywhere  on  the  shallower 
slopes  near  banks  of  reeds,  where  there  is  no  strong  current  of  water, 
occurring  in  granular  concretions  that  vary  from  the  size  of  grains  of 
coarse  gunpowder  up  to  nodules  6  inches  in  diameter,  and  forming 
layers  10  to  200  vaids  long,  5  to  15  yards  broad,  and  8  to  30  inches 
thick.     These    deposits  are   worked    during  winter  by  inserting 

Serforated  iron  shovels  through  holes  cut  in  the  ice ;  and  so  rapidly 
0  they  accumulate,  that  instances  are  known  where,  after  having 
been  completely  removed,  the  ore  at  the  end  of  twenty-six  years  was 

>  See  Senft,  op,  cU,  p.  166;  aleojMtiea,  Book  III.  Pari  U.  Seotion  iiL 
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foand  to  hare  gathered  again  to  a  thickness  of  several  inches. 
According  to  Ehrenberg,  the  formation  of  bog-ore  is  due,  not  merely 
to  tbe  chemical  aotions  arising  from  the  decay  of  organic  matter, 
bat  to  a  power  possessed  by  diatoms  of  separating  iron  from  water 
and  depositing  it  as  hydrous  peroxide  within  their  siliceous 
framework. 

Alnmiiioiui  Yellow  Xroa  Ore  is  closely  related  to  the  foregoing. 
It  is  a  mixture  of  yellow  or  pale  brown  hydrated  peroxide  of  iron, 
with  clay  and  sand,  sometimes  with  silicate  of  iron,  hydrated  oxide 
of  man^anesc^,  and  carbonate  of  lime,  and  occurs  in  dull,  usually 
pal?emlent  grains  and  nodules.  Occasionally  these  nodules  may 
be  obseryed  to  consist  of  a  shell  of  harder  aaaaterial,  within  which  the 
yellow  oxide  becomes  progressively  softer  towards  the  centre,  which 
IS  sometimes  quite  empty.  Such  concretions  are  known  as  aetites  or 
eagle-stones.  This  ore  occurs  in  the  Coal-measures  of  Saxony  and 
Silesia,  also  in  the  Harz,  Baden,  Bavaida,  &C.9  and  among  the 
Jarassic  rocks  in  England. 

Clay-IronBtone  (SphsBrosiderite)  has  been  already  (pp.  83,  116) 
referred  to.  It  occurs  abundantly  in  nodules  and  beds  in  the  Car- 
boniferous system  in  most  parts  of  Europe.  The 
nodules  are  generally  oval  and  flattened  in 
form,  varying  in  size  from  a  small  bean  up  to 
concretions  a  foot  or  more  in  diameter.  In  many 
cases  they  contain  in  the  centre  some  organic 
substance,  «uch  as  a  iCoprolite,  fern,  cone,  shell, 
or  fish,  that  has  served  as  a  surface  round  which 
the  iron  in  the  water  and  the  surrounding  mud  ^'^-  ^-  —  Sbptabiak 
could  be  precipitated.  Seams  of  clay-ironatone  ibohotww.^'  ^^' 
vary  in  thickness  from  mere  paper^like  partings 
up  to  beds  several  feet  deep.  The  Cleveland  seam  in  the  Middle 
Lias  of  Yorkshire  is  about  zO  feet  thick.  In  the  Carboniferous  system 
of  Scotland  certain  seams  known  as  £lacjcband  contain  from  10  to  52 
per  cent,  of  coaly  matter,  and  admit  of  being  calcined  with  the 
addition  of  little  or  no  fuel.  They  are  sometimes  crowded  with 
o^anic  remains,  aspeoially  lamellibranchs  (anthracoaia,  anthracomya, 
&c.)  and  fishes  (rhizodus,  megalicMhys^  &c.). 

A  microscopic  examination  of  some  black-band  ironstones  reveals 
a  very  perfect  oolitic  structure,  showing  that  the  iron  lias  been  pre- 
cipitated in  water  having  such  a  gentle  movement  as  to  keep  the 
granules  quietly  moving  while  their  successive  concentric  layers  of 
carbonate  were  being  deposited.  Mr.  Sotby  has  observed  in  the 
Cleveland  ironstones  an  abnormal  form  of  oolitic  structure,  and 
lemarks  that  one  apeoimen  bore  evidence  that  the  iron,  mostly  in  the 
form  of  small  crystals  of  the  carbonate,  had  been  introduced  subsequent 
to  the  formation  of  the  rock,  as  it  had  replaced  some  of  the  aragonite 
of  the  enclosed  shells.^ 

'  Addrev  to  Gtol.  800,  Febroary,  1879. 
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The  rabjoined  analyses  show  the  composition  of  some  yarieties  of 
ironstones.^ 


CU7  troo-ore 

Yorkshire. 

Peroxide  of  iioo 1*45 

Protoxide  of  iroQ 36*14    . 

Protoxide  of  msogiLDeee  1*38     . 

^Inmlna. 6*74 

Lime 2-70     . 

-pff^ni^m. 2*17     . 

PntMh 0*65     . 

Sflirm 17-37     . 

Ckrbonic  seid 26*67    . 

Pboephoric  acid    .......  0*34 

Solphiirie  acid trace 

Iroo  pyrites 0*10     . 

Water 1*77     . 

Oipukic  matter 2*40     . 


(CkrboaUeroosX 


Percentage  of  iron 


99*78 
29  12 


8*72 
40*77 


0*90 
0*72 

10*10 
26*41 


1*0 
17*38 

100- 00 

34*60 


CtordCBdcn 

Toriuh^ 
2-86 
43*02 
0*40 
5*87 
5*14  000 
5*21 

7-17 

25*50 

1*81 


8*48 
0*15 


100*61 
35*46 


§  viL  Detebmihation  of  Rooks. 

Three  methods  of  procedure  are  arailable  in  .the  examination  and 
determination  of  rocks :  1st,  the  rough  and  ready  bat  often  saflScient 
appliances  for  examining  macroscopic  characters  in  the  field  or  in- 
doors ;  2nd^  microscopic  investigation ;  3rd,  chemical  analysis. 

L  MacroACopic  Examination  in   the   field  or 
Indoors. 

The  instruments  indispensable  for  the  investigation  of  rocks  in  the 
field  are  few  in  number  and  simple  in  character  and  application. 
The  observer  will  be  sufficiently  accoutred  if  he  carries  with  him  a 
hammer  of  such  form  and  weight  as  will  enable  him  to  break  off 
clean  sharp  unweathered  chips  from  the  edges  of  rock-masses,  a 
small  lens,  a  pocket-knife  of  hard  steel  for  determining  the  hardness 
of  rocks  and  minerals,  a  magnet  or  a  magnetized  knife-blade,  and  a 
small  pocket  phial  of  .dilute  hydrochloric  acid. 

Should  the  object  be  to  form  a  collection  of  rocks,  a  hammer  of  at 
least  three  or  four  pounds  in  weight  should  be  carried ;  also  one  or  two 
chisels  and  a  small  trimming  hammer,  weighing  about  ^  lb.,  for  redacin| 
the  specimens  to  shape.  A  convenient  size  of  specimens  is  4x3x1 
inches.  They  shoula  be  as  nearly  as  possible  uniform  in  size,  so  as 
to  be  capable  of  orderly  arrangement  in  the  drawers  or  shelves  of  a 
case  or  cabinet.  Attention  should  be  paid  not  only  to  obtain  a 
thoroughly  fresh  fracture  of  a  rock,  but  also  a  weathered  surface 
wherever  there  is  anything  characteristic  in  the  weathering.  Every 
specimen  should  have  affixed  to  it  a  label  indicating  as  exactly  as 

'  See  Perc7*t  MeiaUurffy,  lol  il   BiMshof.  Chem,  und  Fhy;  Geol^  Snpp.  (1871)  p.  65. 
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possible  the  locality  from  which  it  was  taken.  This  informatiou 
ought  always  to  be  writteD  down  in  the  field  at  the  time  of  coUecting, 
and  should  be  wrapped  up  with  the  specimen,  before  it  is  consigns 
to  the  collecting  bag.  If,  however,  the  student  does  not  purpose  to 
fi)rm  a  collectioo,  but  merely  to  obtain  such  chips  as  will  enable  him 
to  iadge  of  the  characters  of  rocks,  a  hammer  weighing  from  H  to 
2  lbs.  and  of  the  shape  indicated  in  Fig.  31  will  be  sufiicient.    The 


Fig.  81.— HAMintB,  Sheath,  and  Belt,  with  Leatbeb-oahe  fob  holdivo 
Azimuth  Oompam. 

ad?gntage  of  this  fc^m  is  that  the  hammer  can  be  used  not  only  for 
bTeaking  hard  stones,  but  also  for  splitting  open  shales  and  other 
fittile  rocks,  so  that  it  unites  the  uses  of  hammer  and  chisel. 

It  is  of  course  desirable  that  the  learner  should  first  acquire  some 
knowledge  of  the  nomenclature  of  rocks,  by  carefully  studying  a 
collection  of  correctly  named  and  judiciously  selected  rock-specimens. 
Soch  collections  may  now  be  purchased  at  small  cost  from  mineral 
dealers,  or  may  be  studied  in  tne  museums  of  most  towns.  Having 
«ccQstomed  his  eye  to  the  ordinary  external  characters  of  rocks,  and 
become  familiar  with  their  names,  he  may  proceed  to  determine  them 
for  himself  in  the  field. 

Finding  himself  face  to  face  with  a  rockrinass,  and  after  noting 
its  geotectonic  characters.  (Book  IV.),  the  observer  will  proceed  ta 
examine  the  exposed  or  weathered  surface.  The  earliest  lesson  he 
has  to  learn,  and  that  of  which,  perhaps  he  will  in  after  life  meet 
with  the  most  varied  illustrations,  is  the  extent  to  which  weathering 
ooooeals  the  tme  aspect  of  rocks.  From  what  has  been  said  in 
previoos  pages,  the  nature  of  the  alterations  vnll  be  understood,  and 
fiuther  information  regarding  the  chemical  processes  at  work  will 
be  found  in  Book  UL    The  practical  study  of  rocks  in  the  field  soon 
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diBclofles  the  fact,  that  while  in  some  cases  the  weathered  crust  so 
completely  obscures  the  essential  character  of  a  rock  that  its  true 
nature  might  not  be  suspected,  in  other  instances  it  is  the  weathered 
crust  that  best  reyeals  the  real  structure  of  the  mass.  Spheroidal 
crusts  of  a  decomposing  yellow  ferruginous  earthy  substance,  for 
example,  would  hardly  be  identified  as  a  compact  dark  basalt,  yet,  on 
penetrating  within  these  crusts,  a  central  core  of  still  undecomnoeed 
oasalt  may  not  unfrequently  be  discovered.  Again,  a  block  of  lime- 
stone when  broken  open  may  present  only  a  uniformly  crystalline 
structure,  yet  if  the  weathered  surface  be  examined,  it  will  not 
improbably  show  many  projecting  fragments  of  shells,  polyzoa,  corals, 
crinoids,  or  other  organisms.  The  really  fossiliferous  nature  of  an 
apparently  unfossiliferous  rock  may  thus  be  revealed  by  weathering. 
Many  limestones  also  might  from  their  fresh  fracture  he  set  down  as 
tolerably  pure  carbonate  of  lime ;  but  from  the  thick  crust  of  yellow 
ochre  on  their  weathered  faces  are  seen  to  be  highly  fermginons. 
Among  crystalline  rocks  the  weathered  sur&oe  commonly  throws 
light  upon  the  mineral  constitution  of  the  mass,  for  some  minerals 
decompose  more  rapidly  than  others,  which  are  thus  left  isolated 
and  more  easily  reco^izable.  In  this  maimer  the  existence  of 
quartz  in  many  felspamic  rocb  may  be  detected.  Its  minute  Uebs 
or  crystals,  which  to  the  naked  eye  or  lens  are  lost  among  the 
brilliant  facettes  of  the  felspars,  stand  out  amid  the  dull  clay  into 
which  these  minerals  are  decomposed. 

The  depth  to  which  weathering  extends  should  be  noted.  The 
student  must  not  be  too  confident  that  he  has  reached  its  limit  even 
when  he  comes  to  the  solid  more  or  less  head  and  spb'ntery  nnde- 
composed  stone.  Granite  sometimes  decomposes  into  kaolin  and  sand 
to  a  depth  of  twenty  or  thirty  feet  Limestones  haye  often  a  men 
film  of  crust,  because  their  substance  is  aliiM»t  entirely  dissolved  and 
removed  by  rain. 

With  some  practice  the  inspection  of  a  weathered  surface  will 
frequently  sufSce  to  determine  the  true  nature  and  name  of  a  rock. 
Should  this  {weliminary  examination,  and  a  comparison  of  weathered 
and  unweathered  sur&oes,  fail  to  afford  the  information  sought,  «e 
proceed  to  anply  some  of  the  simple  and  useftd  tests  available  for  field- 
work.  The  lens  will  usually  enable  us  to  decide  whether  the  rock 
is  compact  and  apparently  structureless,  or  crystalline,  or  fragnientaL 
Having  settled  this  point,  we  proceed  to  ascertain  the  hardness  and 
colour  of  streak  by  scratching  a  fresh  surface  of  the  stone.  A  drop 
of  weak  acid  placed  upon  the  scratched  surface  or  on  the  powder  « 
the  streak  nunr  reveal  the  presence  of  carbonic  acid.  By  pn<^ 
considerable  ftcility  can  be  acquired  in  appnudnaatrilv  estimating 
the  specific  gravity  of  rocks  merely  by  ihe  hand.  Ine  foUowing 
tables  may  be  of  assistance,  but  it  must  be  understood  at  the  outset 
that  a  knowled^  of  rocks  can  never  be  gained  from  instraolictf 
given  in  books,  out  must  be  acquired  by  actual  handling  and  stud j  of 
the  rocks  themselves. 
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i.  A  fresh  fracture  shows  the  rock  to  be  close-grained,  dull,  with  no 
fiili&et  stmctnre. 

0.  H.  0*5  or  less  up  to  1 ;  soft,  crambling  or  easily  soratched  with  the 
knife,  if  not  with  the  finger-nail ;  emits  an  earthy  smell  when 
breathed  npon,  does  not  effervesce  with  acid  ;  is  dark  grey, 
brown,  or  blue,  sometimes  red,  yellow,  or  even  white  =  probably 
some  clay  rook,  suoh  as  mudstone,  massive  shale,  or  fire-clay 
(jp.  160) ;  or  a  decomposed  felspar  rock  like  a  close-grained 
feltfite  or  orthodase  porphyry.  If  the  rock  is  hard  and  fissile  it 
may  be  shale  or  day-slate  (pp.  121,  160). 
/SL  H.  1*5 — 2.  Occnrs  in  beds  or  veins  (sometimes  fibrous),  white, 
yellow,  or  reddish.     Sp.  gr.  2-2 — 2*4.    Does    not    effervesce 


■=  T>robab]y  g^sum  (pp.  84,  115). 
Friable,  ommbUng,  soils  tl 


the  fingers,  white,  or  yellowish,  brisk 
effervescence  =  chalk,  marl,  or  some  pulverulent  form  of  lime- 
stone (pp.  Ill,  166). 

8.  H.  3 — 4.  Sp.  gr.  2*5 — 2'7 ;  pale  to  dark  green  or  reddish,  or  with 
blatohed  and  clouded  mixtures  c^  these  colours.  Streak  white  ; 
feels  soapy ;  no  effervescence,  splintery  to  subconchoidal  fracture, 
edges  suDtranslnoent.    See  serpentine  (pp.  81,  152). 

€.  H.  averaging  3.  Sp.  gr.  2*6 — 2*8.  White,  but  more  frequently 
blaish-grey,  also  yellow,  brown  and  black ;  streak  white ;  gives 
brisk  effervescence  =  some  form  of  limestone  (pp.  111-115, 165). 

t  H.  3*5 — i'5.  Sp.  gr.  2*8— 2'95.  Yellowish,  white,  or  pale  brown. 
Powder  slowly  soluble  in  add  with  ftoble  effervescence,  which 
becx>mes  brisker  when  the  acid  is  app^ed  to  the  powder  of  the 
stone.    See  dolomite  (pp.  83, 1114). 

1J.  H.  3 — L  Sp.  gr.  3 — 3*9.  Dark  brown  to  d^  black,  streak  yellow 
to  brown,  feebly  soluble  in  acid,  which  becomes  yellow ;  occurs 
in  nodules  or  beds,  usually  with  slji^e ;  weathers  with  brown 
or  blood-red  crust  thrown  iron-ore.  See  also  clay  ironstone, 
(pp.  84,  116,  175);  and  limonite  (pp.  U6,  J 74);  if  the  rock  is 
reddish  and  gives  a  cherry-red  streatk,  see  haomatite  (pp.  67, 
116). 

$.  Sp.  gr.  2*55.  White,  grey,  yellowish,  or  bluish,  rings  under  the 
hammer,  frequency  splits  into  thiin  plates,  .does  not  effervesce, 
weathered  crust  white  (tnd  distinot  =  perhaps  some  compact 
variety  of  phonob'te  (p.  139.    See  also  porphyrite  p.  144). 

I.  Sp.  gr.  2*9 — 3'2.  Black  or  dark  green,  weathered  crust  yellow  or 
brown  x=s  probably  some  close-gnaned  variety  of  basalt  (p.  147), 
or  aphanite  (p.  143). 

K.  H.  6 — 6'5,  but  less  according  to  decomposition.  Sp.  gr.  2'55— 2'7. 
Can  with  difficulty  be  scratched  with  the  knife  when  fresh ; 
White,  bluish  grey,  yellow,  lilac,  brown,  red ;  white  streak ;  no 
effervescence  =»  probably  a  felsitio  rock  (p.  136). 

A.  H.  7.  Sp.  gr.  2*5 — 2*9.  The  knife  leaves  a  metamo  streak  of  steel 
upon  the  resisting  sur£GU)e.  The  rock  is  white,  reddish,  yellowish 
to  brown  or  black,  very  finely  granular  or  of  a  homy  texture, 
gives  no  reaction  with  add  «=>  probably  silica  in  the  form  of  a 
compact  quartzite  (p.  127),  flint  or  calcedony  (pp.  65, 117, 168). 

iL  A  fresh  fracture  shows  the  rock  to  be  glassy. 

leaving  out  of  account  some  glass-like  but  crystalline  minerals  such 
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as  quartz  and  rook-salt,  the  number  of  Yifreons  rocVs  is  comparativelj 
small.  The  true  nature  of  the  mass  in  question  will  probaUj  not  be 
difficult  to  determine.  It  must  be  one  of  the  Tolcanic  rooks  (p.  104).  If 
it  occurs  in  association  with  sauidine  or  siliceous  lavas  (liparites, 
trachytes)  it  will  probably  be  obsidian  (p.  140),  or  it  may  be  pitchstone 
(p.  140);  if  it  passes  into  one  of  the  basalt-rocks,  as  so  commonly 
happens  along  the  edges  of  dykes  and  intrusive  sheets,  it  is  a  glassy 
form  of  baf«alt  (tachylite,  hyalomelan,  p.  149). 

iii.  A  fresh  structure  shows  the  rock  to  be  ciystalline. 

If  the  component  crystals  are  sufficiently  large  for  determination  in 
the  field,  the  name  of  the  rock  will  readily  be  found.  W  here,  however, 
they  are  too  minute  for  identification  even  with  a  good  lens,  the  observer 
may  require  to  submit  the  rock  to  more  precise  investigation  at  home, 
before  its  true  character  can  be  ascert alined.  Tor  the  purposes  of  field- 
work,  however,  the  following  points  should  be  noted. 

a.  The  rock  can  be  easily  scratched  with  the  knife. 

(a)  E£fervesoeR  briskly  vdth  acid  =  limestone. 

(b)  Powder    of   streak    efiervesoes    less    briskly.    See    dolomite 

(pp.  83,  114). 

(c)  No    effervescence  with    acid ;  may   be    granular   crystalline 

gypsum  (alabaster),  or  anhydrite  (pp.  84,  115). 
/3.  The  rock  is  not  easily  scratched.    It  is  almost  certainly  a  silicate. 
Its  character  should  be  sought  among  the  massive  crystalline 
rocks  (p.  129).    If,  for  instance,  it  l)e  heavy,  appear  to  be  com- 
posed of  only  one  mineral,  and  bave  a  markea  greenish  tint, 
it  may  be  hornblende  rock    (p.  121) ;   if  it  consist  of  some 
white  mineral  (felspar)  and  a  green  mineral  which  gives  it  a 
distinct  green  colour,  while  the  weathered  crust  shows  more 
or  less  distinct  effervescence,  it  may  be  a  fine  grained  diorite 
(p.  143),  or  diabase  (p.  145);  if  it  be  grey  and  granular,  with 
sttiatea  felspars  and  dark  crystals  (augite  and  magnetite),  with 
a  yellowish  or  l)rownisb  weathered  crust,  it  is  probably  a 
dolerite  (p.  148) ;  if  it  be  compact,  finely-crystalline,  scratched 
with  difficulty,   shovdng  crystals  of  oHhoclase,  and  with  a 
bleached  argillaceous  weathered  crust,   it  is  probably  an  or- 
thoclase-porphyry  (p.  138),  or  quartz-porphyry  (p.  135).    The 
occurrence  of  distinct  blebs  or  crystals  of  quartz  in  the  freeh 
fractures  or  weathered  face  will  suggest  a  place  for  the  rock  in 
the  quartziferous  cystalline  series. 
It.  a  fresh  fracture  shows  the  rock  to  have  a  foliated  structure. 
The  foliated  rocks  are  for  the  most  part  easily  recognizable  by  the 
prominence  of  fheir  component  minerals ;  their  characters  have  been 
given  at  p.  118.     Where  the  minerals  are  so  intimately  mingled  as  not 
to  bo  separable  by  the  use  of  the  lens,  the  following  hints  may  be 
of  service : — 

a.  The  rock  has  an  unctuous  feel,  and  is  easily  scratched.  It  may 
be  talcHSchist  (p.  120),  chlorite-schist  (p.  121),  hydrous  mica- 
schist  (p.  123),  or  foliated  serpentine  (p.  152). 
/3.  The  rock  emits  an  earthy  smell  when  breathed  on,  is  harder  than 
those  included  in  a,  is  fine-grained  and  usually  dark  grey  in 
colour,  splits  vdth  a  slaty  fracture,  and  contains  commicml^ 
scattered  crystals  of  iron  pyrites  or  some  other  mineral  It  u 
some  argillaceousschist  or  clay-slate,  the  varieties  of  which 
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are  named  from  the  predominant  enoloaed  mineral,  as  ohiasto«> 
lite-slate,  andalasite-schist,  ottrelite-schist,  &o,  (p.  121). 
y.  The  rock  is  composed  of  a  mass  of  ray-like  or  fibrous  crystals 
matted  together.    If  the  fibres  are  exceedingly  fine,  silky,  and 
easily  separable,  it  is  probably  asbestos ;  if  they  are  coarser, 
greenish  to  white,  glassy,,  and  hard,  it  is  probably  an  actinoUte* 
aohist  (p.  121.) 
S.  The  rock  has  a  hardness  of  nearly  7,  and  splits  with  some  di£Soiilty 
along  micaceoDS  foliax.    It  i»  probably  a  qnartzose  variety  of 
mira-sohist,  quartz-schist,  or  gneiss  (pp.  120^128^. 
c  The  jXKik  shows  on;  its  weathered  surface  small  particles  of  quartz 
and  fob'a  of  mica  in  a  fine  decomposing  base.    It  is  probably  a 
fine-grained  Tariety  of  mica-schist  or  gneiss. 
y.  A  fresh  fracture  shows  the  rock  to  have  a  fragmental  (clastic) 
itroctore. 

Where  the  component  fragments  are  large  enough  to  be  seen  by  the 
naked  eye  or  with  a  lens,  there  is  nsually  little  difficulty  in  determining  the 
true  nature  and  proper  name  of  the  rock.  Two  characters  require  to  be 
specially  considered — the  component  fragments  and  the  cementing  paste. 
1.  The  FragmeniB, — According  to  the  shape,  sise,  and  composition  of 
the  fragments,  different  names  are  assigned  to  clastic  rocks. 

a.  8  h  a  p  e. — If  the  fragments  are  ehiefly  roumded,  the  place  of  the  rook 
may  be  sought  in  the  sand  and  gravel  series  (p.  15&),  while  if  they  are 
large  and  angular,  it  may  be  classed  as  a  breccia  (p.  \bl)k  Some  mineral 
taDstanoes,  however,  do  not  acquire  rounded  outlines,  even  after  long- 
continued  attrition.  Mica,  for  example,  splits  up  into  thin  ]aroin»,  which 
may  be  broken  into  small  flkkes  or  spangles,  but  never  become  rounded 
granules.  Other  minerals  also  which  have  a  ready  cleavage  are  apt  to 
break  up  along  their  cleavage  planes,  and  thus  to  retain  angular  contours. 
Calo-spar  is  a  fiimiliar  example  of  this  tendency.  Organic  remains 
composed  of  this  mineral  (such  as  cnnoids  and  ecbinoids)  may  often  be 
noticed  in  a  very  fragmentary  condition,  having  evidently  been  subjected 
to  long-continued  comminution.  Yet  angnfarr  outlines  and  fr^sh  or  little 
worn  cleavage  sur&ces  may  be  found  among  them.  Many  limestones  con- 
sist largely  of  sub-angular  organic  debria  Angular  inorgcmio  detritus 
is  characteristio  of  volcanic  In'^scias  and  tuffs  (p.  161)» 

fL  Size. — ^Where  the  fragments  are  hard  rounded  er  sub-angular 
grains,  the  size  of  a  pin's  head  or  less,  the  rock  is  probably  some  form  of 
sandstone  (p.  158).  Where  they  range  up  to  tiie  size  of  a  pea,  it  may  be 
a  pebbly  sandstone,  fine  conglomerate  or  grit ;  where  they  vary  from  the 
size  of  a  pea  to  that  of  a  walnut,  it  is  an  ordinary  conglomerate  ;  where 
they  range  up  to  the  size  of  a  man^s  bead  or  larger,  it  is  a  coarse  con- 
glomerate. A  considerable  admixture  of  sub-angular  stones  makes  it  a 
breociated  conglomerate  or  breccia. 

7.  Composition. — la  the  majority  of  cases  the  frttgments  are  of 
qnartz,  or  at  least  of  some  siliceous  and  enduring  mineral.  Sandstones 
consist  chiefly  of  rounded  quartz-grains  (p.  155).  Where  these  are 
nomixed  with  other  ingredients,  the  rock  is  sometimes  distinguished  as  a 
qnartzose  sandstone.  Such  a  rock  when  indurated  becomes  quartzite 
Q>.  126).  Among  the  quartz  grains,  minute  fragments  of  other  minerals 
may  be  observed.  When  any  one  of  these  is  prominent,  it  may  give  a 
name  to  the  variety  of  sandstone,  asfelspathic,  micaceous  (p.  158).    Vol- 
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oanio  tuffs  and  breooias  are  oharaoterized  by  the  ocoorrenoe  of  lapilli 

ivery  commoDly  cdluiar)  of  the  lavas  from  the  explosion  of  which 
key  have  been  formed  (p.  163).  Among  interbedded  voloanio  rocks  the 
student  will  meet  with  beds  which  he  may  be  at  a  loss  whether  to  claaa 
as  Yolcanio  or  as  formed  of  ordinary  Eediment.  They  consist  of  an  inter- 
mixture of  volcanic  detritus  with  sand  or  mud,  and  pass  on  the  one  side 
into  true  tuffs,  on  the  other  into  sandstones,  shales,  limestones,  Sec  K  the 
component  fragments  of  a  non-crystalline  rock  give  a  brisk  sBur^esosnce 
with  acid  they  are  calcareous,  and  the  rock  (most  likely  a  limestone,  «r 
at  least  a  calcareous  formation,)  should  be  searched  for  traces  of  fossila. 

2.  The  Paste — It  sometimes  happens  that  the  component  fragments 
of  a  clastic  rock  cohere  merely  from  pressure  and  without  any  disoorer- 
able  matrix.  This  is  occasionally  the  case  with  sandstone.  Most  com- 
ibonly,  however,  there  is  some  cementing  paste.  If  a  drop  of  weak  acid 
produces  effervescence  from  between  the  component  non-oaloareooe 
grains  of  a  rock,  the  paste  is  calcareous.  If  the  grains  are  coated  with 
a  red  crust  which  on  being  bruised  between  white  paper  gives  a  cherry- 
red  powder,  the  cementing  material  is  the  anhydrous  peroxide  of  iron. 
If  the  paste  is  yellow  or  brown,  it  is  probably  in  great  part  the  hydrous 
peroxide  of  iron.  A  dark  brown  or  black  matrix  which  can  be  dissipated 
by  heating  is  bituminous.  Where  the  component  grains  are  so  nrmly 
cemented  in  an  exceedingly  hsrd  matrix  that  they  break  across  rather 
than  separate  from  each  other  when  the  stone  is  fractured,  the  paste  is 
probably  siliceous. 

ii.  MioroBOopio  Inyestigation.^ 

The  value  of  the  microscope  as  an  aid  in  geological  research  has 
been  sufficiently  diivelt  upon  in  the  preceding  pagee«  Some  informn- 
tion  may  now  he  given  as  to  the  metnods  of  procedure  in  microsoopicnl 
inquiry. 

1.  Preparation  of  microscopic  slides  of  rocks  and  minermln. 
— ^The  observer  ought  to  be  able  to  prepare  his  own  slices^  and  in 
many  cases  will  find  it  of  advantage  to  do  so,  or  at  least  personaUj 
to  superintend  their  preparation  by  others.  It  is  desinhle  that  be 
should  know  at  the  outset  that  no  costly  or  unwieldy  set  of  apparatus 
is  needful  for  his  purpose.  If  he  is  resident  in  one  plac^  ana  can  ac- 
commodate a  cuttiog  maohinOy  such  as  a  lapidary  s  lathe,  he  will 
find  the  process  of  preparing  rock-slices  greatly  facilitated.'    The 

«  TbU  aecUoii  if  taken,  withaH6rfttionssiidsdditkna,fkoia  the  sotho^ 
Fitid  (jeologjf, 

*  A  maoliine  well  adapted  for  both  cutting  and  polishing  was  derised  toow  jeais 
a^  by  Mr.  J.  B.  Jordan,  and  may  be  bad  of  Measra.  €k>tton  and  Johnaoo,  Ormfloe 
Street,  Snho,  London,  for  £H>  10«.  Another  aKcing  and  polishing  machine,  invcnled 
by  Mr.  F.  O.  Cuttell,  52  New  Complon  Street,  fioho,  London,  ooata  £6  Ite.  Tb«M 
machines  are  too  unwieldy  to  be  carried  about  the  country  by  a  ield-gaologiii.  ¥mtm 
of  Berlin  supplies  two  small  and  convenient  hand-instruments,  one  for  slicing,  the  oihflr 
for  grinding  and  polishing.  The  slicing-machioe  is  not  quite  so  satisfactory  lor  baid 
lucks  as  one  of  the  larger  more  solid  forms  of  i^psfatos  worked  by  a  treadle.  But  tha 
grindiag-machine  is  useful,  and  might  be  added  to  a  geok^sf  s  outfit  withoot  wmktML 
teounvsnienoe.  If  a  Upidarv  is  within  reach,  much  of  the  more  irksome  part  of  the  w«k 
may  be  saved  by  getting  hiro  to  cut  off  the  thin  slices  in  direoikms  mariud  for  him 
upon  the  specimens. 
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thidmeas  of  each  slioe  mnftt  be  mainly  regalated  by  the  nature  of 
the  rocky  the  rale  being  to  make  the  slice  as  thin  as  can  conyeniMitly 
be  cat»  so  as  to  save  labonr  in  grinding  down  aftenfards.  Perhaps 
the  thickness  of  a  shilling  may  be  taken  as  a  fair  ayerage.  The 
operator,  however,  may  still  further  reduce  this  thickness  by  cutting 
nid  polishing  a  face  of  the  specimen,  cementing  that  on  glass  in 
the  way  to  be  immediately  described,  and  then  cutting  as  close  as 
poaaiUe  to  the  cemented  surface.  The  thin  slice  thus  left  on  the 
glass  can  then  be  ground  down  with  comparatiye  ease. 

Excellent  rook-sections,  howeyer,  may  be  prepared  without  any 
machine,  provided  the  operator  possesses  ordinary  neatness  of  hand 
and  patience.  He  must  procure  as  thin  chips  as  possible.  Should 
the  rocks  be  accessible  to  him  in  the  field,  he  should  select  the 
freshest  porticms  of  them,  and  by  a  dexterous  use  of  the  hammer 
break  on  from  a  sharp  edge  a  number  of  thin  splinters  or  chips,  out 
of  which  he  can  choose  one  or  more  for  rock-slices.  These  chips 
may  be  about  an  inch  square.  It  is  well  to  take  several  of  them, 
as  the  first  specimen  may  chance  to  be  spoiled  in  the  preparation. 
The  geologist  ought  also  always  to  carry  off  a  piece  of  the  same 
block  irom  which  his  chip  is  taken,  that  he  may  have  a  specimen 
of  the  rock  for  future  reference  and  comparison.  Every  such  hand- 
specimen,  as  well  as  the  chips  belon^uff  to  it,  ought  to  be  wrapped 
up  in  paper  on  the  spot  wnere  it  is  obtained,  and  with  it  should  be 
placed  a  label  containing  the  name  of  the  locality  and  any  notes 
that  may  be  thought  necessary.  It  can  hardly  be  too  frequently  re- 
iterated that  all  such  field-notes  ought  as  far  as  possible  to  be  wntten 
down  on  the  ground  where  the  actual  &cts  are  before  the  eye  for 
examination. 

Having  obtained  his  thin  slices,  either  by  having  them  slit  with  a 
machine  or  by  detaching  with  a  hammer  as  thin  splinters  as  possible, 
the  op^ator  may  proceed  to  the  preparation  of  them  for  the  mi- 
croscope. For  this  purpose  the  following  simple  apparatus  is  all  that 
is  absolutely  needftil,  though  if  a  grindmg-machine  be  added  it  will 
save  time  and  labour. 

Liil  of  Apparatus  required  in  the  Preparation  of  Thin  Slices  of  BocJcs  and 
Minerals  for  Microscopical  Examination. 

1.  A  oast-iron  plate  ^  inch  thiok  and  9  inches  square. 

2.  Two  pieces  of  plate-glass,  9  ifiches  square. 

3.  A  Water  of  Ayr  stone,  6  inches  long  by  2i  inches  broad. 

4.  Coarse  emery  (1  lb.  or  so  at  a  time). 

5.  Pine  or  flour  emery  (ditto). 

6.  Potty  powder  (1  oz.\ 

7.  Canada  balsam.  (There  is  an  exoellent  kind  prepared  by 
BuQmington,  Bradford,  specially  for  microsoopio  preparations,  and  sold  in 
difllhigbottks^ 

8.  A  small  forceps,  and  a  common  sewing-needle  with  its  head  fixed 
in  a  Bhoil  wooden  handle. 
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9.  Some  oblong  pieces  of  common  flat  window-glass ;  2  x  1  inches  im 
a  conyenient  size. 

10.  Glasses  with  ground  edges  for  mounting  the  slices  npon.  Tbej- 
may  be  had  at  anj  chemical  instrument  maker's  in  different  sizes,  the 
commonest  in  this  country  being  3x1  inches. 

11.  Thin  covering-glasses,  square  or  round.  These  are  sold  by  th» 
ounce ;  i  oz.  will  be  hufficient  to  begin  with. 

12.  A  small  bottle  of  spirits  of  wine. 

The  first  part  of  the  process  consists  in  rubbing  down  and  polish- 
ing one  side  of  the  chip  or  sliocy  if  this  has  not  awMuly  been  done  in 
cutting  off  a  slice  aflSxed  to  glass,  as  above  mentioned.  We  place  the 
chip  upon  the  wheel  of  the  grinding-machine,  or,  failing  tiiat,  apop 
the  iron  plate,  with  a  little  coarse  emery  and  water.  If  the  chip  is 
so  shaped  that  it  can  be  conveniently  pressed  by  the  finger  against 
%he  plate  and  kept  there  in  regular  horizontal  movement,  we  may 
proceed  at  once  to  rub  it  down.  If,^  however,  we  find  a  difficulty, 
from  its  small  size  or  otherwise,  in  holding  the  chip,  one  side  of  it 
may  be  fastened  to  the  end  of  a  bobbin  or  other  convenient  bit  of  wood 
by  means  of  a  cement  formed  of  three-parts  of  rosin  and  one  of  bees- 
wax, which  is  easily  softened  by  heating.  A  little  practice  will  show 
that  a  slow,  equable  motion  with  a  certain  steady  pressure  is  most 
effectual  in  producing  the  desired  flatness  of  surfaca  When  all  the 
roughnesses  have  been  removed/  which  can  be  told  after  the  chip  has 
been  dipped  in  water  so  as  to  remove  the  mud  and  emery,  we  place 
the  specimen  upon  the  square  of  plate-glass,  and  with  flour  emery  and 
water  continue  to  rub  it  down  until  all  the  scratches  caused  by  the 
coarse  emery  have  been  removed  and  a  smooth  polished  soriace  hat 
been  produced.^  Care  should  be  taken  to  wash  the  chip  entirely 
free  of  any  grains  of  coarse  emery  before  the  poh'shinff  on  glass  is 
begun.  It  is  desirable  also  to  reserve  the  ^lass  for  polishing  only. 
The  emery  gets  finer  and  finer  the  longer  it  is  used,  so  that  by  re- 
maining on  the  ^late  it  may  be  used  many  times  in  succession.  Of 
course  the  glass  itself  is  worn  down,  but  by  using  alternately  eyefj 
portion  of  its  surface  and  on  both  sides,  one  plate  may  be  made  to  la^ 
a  considerable  time.  If  after  drying  and  examining  it  carefully  «e 
find  the  surface  of  the  chip  to  be  polished  and  free  from  scratches,  we 
may  advance  to  the  next  part  of  the  proeess^  But  it  will  often  happen 
that  the  surface  is  still  finely  scratched.  In  this  case  we  may  phce 
the  chip  upon  the  Water  of  Ayr  stone  and  with  a  little  water  gently 
rub  it  to  and  fro.  It  should  be  held  quite  flat  The  Water  of  Ayr 
stone  too  should  not  be  allowed  to  get  wofn  into  a  hollow,  but  should 
also  be  kept  quite  flat,  otherwise  we  shall  lose  part  of  the  chip.  Some 
soft  rocks,  however,  will  not  take  an  UBScratcned  surfkoe  even  with 

1  Exeeedtngly  impalDaUe  amary  powder  may  be  obtained  bj  stiniiif  mmm  eC  §m 
fliMtt  amwy  in  water,  aod  after  the  ooarae  partidee  have  snbeided.  poaring  off  the  l^iii 
and  allowing  the  fine  enspeiided  doat  gradoaUy  lo  enbeide.  Filtoiwl  and  dried.  tl» 
reeidne  oaa  be  kepi  for  the  more  delioaie  parte  of  the  pftJiA^ng. 
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the  Water  of  Ayr  stone.  These  may  be  finished  with  putty  powder, 
appUed  with  a  bit  of  woollen  rag. 

The  desired  flatness  and  polish  having  been  secured,  and  all 
tace  of  scratches  and  dirt  having  been  completely  removed,  we 
proceed  to  a  farther  stage,  which  consists  in  grinding  down  the 
opposite  side  and  reducing  the  chip  to  the  requisite  degree  of  thin- 
ness. The  first  step  is  now  to  cement  the  polished  surface  of  the 
chip  to  one  of  the  pieces  of  cotnmon  glass.  A  thin  piece  of  iron  (a 
common  shovel  does  quite  well)  is  heated  over  a  fire,  or  is  placed 
between  two  supports  over  a  gas-4ame.^  On  this  plate  must  be  laid 
the  piece  of  glass  to  which  the  slice  is  to  be  aflSxed,  togeliier  with  the 
ilice  itself.  A  little  Canada  balsam  is  dropped  on  the  centre  of  the 
glass  and  allowed  to  remain  until  it  has  acquired  the  necessary 
coDsiBtency.  To  test  this  condition,  the  point  of  a  knife  should  be 
inserted  into  the  balsam,  and  on  being  removed  should  be  rapidly 
cooled  by  being  pressed  against  some  cold  surface.  If  it  soon 
becomes  bard  enough  to  resist  the  pressure  of  the  finger  nail,  it  has 
been  sufficiently  heated.  Care,  however,  must  be  observed  not  to  let 
it  remain  too  long  on  the  hot  plate  ;  for  it  will  then  become  brittle 
and  start  from  the  glass  at  some  future  stage,  or  at  least  will  break 
away  from  the  edges  of  the  chip  and  leave  them  exposed  to  the  risk 
of  being  frayed  off.  The  heat  should  be  kept  as  moderate  as  possible, 
for  if  ii  becomes  too  great  it  may  injure  some  portions  of  the  rock. 
Chlorite,  for  example,  is  rendered  quite  opaque  if  the  heat  is  so  great 
$s  to  drive  off  its  water. 

When  the  balsam  is  found  to  be  ready,  the  chip,  which  has  been 
warmed  on  the  same  plate^  is  lifted  with  the  forceps,  and  laid  gently 
down  upon  the  balsam.  It  is  well  to  let  one  end  touch  the  balsam 
first,  and  then  gradually  to  lower  the  other,  as  in  this  way  the  air  is 
driven  out  mth  the  point  of  a  needle  or  a  knife  the  chip  should  be 
moved  about  a  little,  so  as  to  expel  any  bubbles  of  air  ancl  promote  a 
firm  cohesion  between  the  glass  and  the  stone.  The  glass  is  now 
removed  with  the  forceps  from  the  plate  and  put  upon  the  table,  and 
a  lead  weight  or  other  small  heavv  object  is  placed  upon  the  chip,  so 
$B  to  keep  it  pressed  down  until  tne  balsam  has  cooled  and  hardened. 
If  the  operation  has  been  successful  the  slide  ought  to  be  ready  for 
farther  treatment  as  soon  as  the  balsam  has  become  cold.  If, 
however,  the  balsam  is  still  soft,  the  glass  must  be  again  placed  on 
the  plate  and  gently  heated,  until  on  cooling,  the  balsam  fulfils  the 
oondition  of  resisting  the  pressure  of  the  finger-naiL 

Having  now  produced  a  firm  union  of  the  chip  and  the  glass,  we 
proceed  to  rub  down  the  remaining  side  of  the  stone  with  coarse 
emery  on  the  iron  plate  as  before.  If  the  glass  cannot  be  held  in 
the  hand  or  moved  by  the  simple  pressure  of  the  fingers,  which 
Qsoally  suffices,  it  may  be  fastened  to  the  end  of  the  bobbin  with  the 

'  A  piece  of  wiie-gaoxe  i>laoed  ofer  the  flama,  with  aa  interrftl  of  an  inch  or  more 
hitveen  it  end  the  oirerljing  thin  iron  plate*  tende  to  diffoae  the  heat  and  prevent  the 
lalwai  CroB  being  tmeqnaUy  heated. 
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cement  as  before.  When  the  chip  has  been  reduced  nntil  it  k 
tolerably  thin ;  until,  for  example,  fight  appears  through  it  when 
held  between  the  eye  and  the  window,  we  may,  as  before,  wash 
it  clear  of  the  coarse  emery  and  continue  the  reduction  of  it  on  tb# 
glass  plate  with  fine  emery.  Crystalline  rocks,  such  as  granite, 
gneiss,  diorite,  dolerite,  and  modem  lavas,  can  be  thus  reduced  to  the 
required  thinness  on  the  glass  plate.  Softer  rocks  may  require 
gentle  treatment  with  the  Water  of  Ayr  stone. 

The  last  parts  of  the  process  are  the  most  delicate  of  all.  We 
desire  to  make  the  section  as  thin  as  possible,  and  for  that  purpose 
continue  rubbing  until  after  one  final  attempt  we  may  perhaps  find  to 
our  dismay  that  great  part  of  the  riiee  has  disappeared.  The  utmost 
caution  should  be  med.  The  slide  should  be  kept  as  flat  as  possiUe, 
and  looked  at  frequently,  that  the  first  indications  of  disruption  may 
be  detected.  The  thinness  desirable  or  attainable  depends  in  great 
measure  upon  the  nature  of  the  rock.  Transparent  minerals  need 
not  be  so  much  reduced  as  more  opaque  ones.  Some  minerals,  indeed, 
remain  absolutely  opaque  to  the  last,  like  pyrite,  magnetite  and 
ilmenite. 

The  slide  is  now  ready  for  the  microscope.  It  ou^ht  always  to  be 
examined  with  that  instrument  at  this  stage.  We  can  thus  see 
whether  it  is  thin  enough,  and  if  any  chemiciu  tests  are  required  they 
can  readily  be  applied  to  the  exposed  surface  of  the  slice.  If  the 
rock  has  proved  to  be  very  brittle,  and  we  have  onl^  succeeded  in 
procuring  a  thin  slice  after  much  labour  and  several  failures,  nothmg 
further  should  be  done  with  the  preparation,  unless  to  cover  it  with 

flass,  as  will  be  immediately  explained,  which  not  only  protects  it, 
ut  adds  to  its  transparency.  But  where  the  slice  is  not  so  firaffile, 
and  will  bear  removal  from  its  original  rough  scratched  piece  of  giass» 
it  shovdd  be  transferred  to  one  of  the  glass-slides  TNo.  10).  For  this 
purpose  the  preparation  is  once  more  placed  on  the  warm  iron  plate, 
and  close  alongside  of  it  is  put  one  of  the  pieces  of  glass  which  has 
been  carefully  cleaned,  and  on  the  middle  of  which  a  little  Canada 
balsam  has  been  dropped.  The  heat  gradually  loosens  the  cohesioB 
of  the  slice,  which  is  then  very  gentfy  pushed  with  the  needle  ot 
knife  along  to  the  contiguous  clean  slip  of  glass.  Considerable 
practice  is  needed  in  this  part  of  the  work,  as  the  slice,  beii%  so 
thin,  is  apt  to  go  to  pieces  in  being  transferred.  A  gentle  inclination 
of  the  warm  plate,  so  that  a  tendency  may  be  given  to  the  slice  to 
slip  downwanls  of  itself  on  to  the  clean  glass,  may  be  advantageoody 
given.  We  must  never  attempt  to  lift  uie  slica  All  shifting  of  its 
position  should  be  performed  with  the  point  of  the  needle  or  other 
sharp  instrument.  If  it  goes  to  pieces  we  may  yet  be  able  to  pilo^ 
the  fragments  to  their  resting-place  on  the  balsam  of  the  new  glas^ 
and  the  resulting  slide  may  be  sufiSdent  for  the  required  purpose. 

When  the  dice  has  been  safely  conducted  to  the  centre  of  the 
^lass  slip,  we  put  a  little  Canada  balsam  over  it,  and  warm  it 
as  before.     Then  tafa'ng  one  of  the  thin  cover-glasses  with  the 
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fci€ep8»  we  allow  it  gradually  to  rest  upon  the  slioe  by  letting 
down  first  one  side,  and  then  by  degrees  the  whole.  A  few  gentle 
drcular  movements  of  the  cover-glass  with  the  point  of  the  needle 
or  fcfoops  may  be  needed  to  ensure  the  total  disappearance  of  air- 
kibbles.  When  these  do  not  appear,  and  when,  as  before,  we  find 
that  the  balsam  has  acquired  the  proper  degree  of  consistence,  the 
slide  containing  the  slice  is  removed,  and  placed  on  the  table  with  a 
small  lead  weight  above  it  in  the  same  way  as  already  described.  On 
becoming  quite  cold  and  hard  the  superabundant  balsam  round  the 
edge  of  the  coyer-glass  may  be  scraped  ofif  with  a  knife,  and  any 
vlidi  still  adhere  to  the  glass  may  be  removed  with  a  little  spirits  of 
wine.  EhnaU  labeb  dioold  be  kept  ready  for  affixing  to  the  slides  to 
mark  localities  and  refer^ioe  numbeia.  Tlu»  label  led^  the  slide 
may  be  put  away  for  future  study  and  comparison. 

The  whole  process  seems  pernaps  a  little  tedious.  But  in  reality 
mudi  of  it  is  so  mechanical,  that  after  the  mode  of  manipulation 
bas  been  learnt  by  a  little  experience,  the  rubbing-down  may  be 
done  while  the  operator  is  readings  Thus  in  the  evening,  when 
enjoying  a  pleasant  book  after  his  aaj  in  the  field,  he  may  at  the 
Mune  time  with  some  practice  rub  down  his  rock-chips,  and  thus  get 
orer  the  drudgery  of  tne  operation  almost  unconsciously. 

Boxes  with  grooved  sides  for  carrying  microscopic  slides  are  sold 
b  different  sizes.  Buch  boxes  are  most  convenient  for  a  travelling 
equipage,  as  they  go  into  small  space,  and  with  the  help  of  a  little 
eotton-wool  the^  hold  the  glass-slides  firmly  without  risk  of  breakage. 
For  a  final  restmg-plaee,  a  case  with  shallow  trays  or  drawers  in 
which  the  slides  can  lie  flat  is  most  convenient. 

2.  The  Microscope. — Unless  the  observer  proposes  to  enter  into 
peat  detail  in  the  investigation  of  tbe  minuter  parts  of  rock  structure, 
he  does  not  require  to  procure  a  large  and  expensive  instrument. 
For  most  geological  purposes  objectives  of  1^,  1,  and  i  inch  focal 
length  with  mc^nifying  powers  of  from  30  t;0  70  diameters,  are 
nfficient.  But  it  is  desirable  also  for  special  work,  such  as  the 
iayeatigation  of  crystallites  and  inclusions  of  minerals,  to  have  an 
objective  capable  of  magnifying  up  to  200  or  300  diameters.  An 
instrument  with  fairly  good  glasses  of  these  powers,  according  to  the 
srrangement  of  object-glasses  and  eye-pieces,  may  be  had  of  some 
London  makers  for  £5.  But  for  some  of  the  most  important  parts 
of  the  microscopical  study  of  rocks  a  rotating  stage  is  requisite,  the 
preeence  of  which  necessarily  adds  to  the  cost  of  the  instrument. 
One  of  the  best  microscopes  specially  adapted  for  lithol^'cal  research 
is  that  devised  by  Professor  Kosenbusch,  of  which  an  ^glish  modi- 
fieation  is  made  by  Watson  of  Pall  Mall,  London,  and  sold  at  £21. 
It  contains  every  apparatus  required  for  ordinary  work.  A  less 
OQiBpIete  but  useful  instrument  is  sold  by  the  fiame  maker 
for£9.10f. 

Among  the  indispensable  adjuncts  are  two  NieolprismSsOne  to  be 
fltted  bdow  the  stage^  the  other  most  advantageously  placed  over 
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the  eye-piece.  A  qnartz-plate  k  usefal  in  examination  with  polarised 
light.  It  should  be  arranged  between  the  two  Niool  pritfrnfl, 
either  below  the  stage  or  in  tne  tube  above  the  objective,  so  as  to  be 
conveniently  slipped  in  and  out  of  the  field  as  required.  A  nose* 
piece  for  two  objectives  screwed  to  the  loot  of  the  tube  saves  time 
and  trouble  by  enabling  the  observer  at  once  to  pass  from  a  low  to  a 
high  power.  The  numerous  pieces  of  apparatus  necessary  for  phyiio- 
logical  work  are  not  needed  in  the  examination  of  rocks  and  minerals. 

3.  Methods  of  Examination. — ^Examples  of  the  nature  of  the 
kind  of  research  practicable  with  the  microscope  in  geology  havini^ 
already  been  abundantly  given,  a  few  hints  may  be  here  added  for 
the  guidance  of  the  student  in  making  lus  own  microscopio 
observations. 

Receded  LigJU.^^lt  is  not  infrequently  desirable  to  observe  with 
the  microscope  the  characters  of  a  rock  as  an  opaque  object.  This 
cannot  usually  be  done  with  a  broken  fragment  of  the  stone,  except 
of  course  with  very  low  powers.  Hence  one  of  the  most  useful 
preliminary  examinations  of  a  prepared  slice  is  to  place  it  in  the 
neld,  and,  throwing  the  mirror  owt  of  eear,  to  converge  as  stron^i:  a 
light  upon  it  as  can  be  had,  short  of  bright  direct  sunlight.  The 
advantage  of  this  method  is  more  particularly  noticeable  in  the  case 
of  opaque  minerals.  The  sulphides  and  iron  oxides  so  abundant  in 
rocks  appear  as  denselv  bkck  objects  with  transmitted  lights  and 
show  onlv  their  external  form.  But  by  throwinf^  a  strong  light  upon 
their  surface  we  ma^  often  discover  not  only  their  distinctive  colours 
but  their  characteristic  internal  structure.  Titaniferous  iron  is  an 
admirable  example  of  the  advantage  of  this  method.  Seen  with 
transmitted  light  that  mineral  appears  in  black,  utterly  structurelesi 
grains  or  opaque  patches  thot^n  &e<^uently  bounded  by  definite 
lines  and  angles.  But  with  reflected  light  me  cleavage  and  lines 
of  growth  of  the  mineral  can  then  often  be  dearly  seen,  and  what 
seemed  to  be  uniform  black  patches  are  found  in  many  cases  to 
enclose  bright  brassv  kernels  of  pyrite.  Magnetite  also  presents  a 
characteristic  blue-black  colour,  which  distinguishes  it  from  ths 
other  iron  oxides. 

Transmitted  Light. — ^It  is,  of  course,  with  the  light  allowed  to 
pass  through  preimred  slices  that  most  of  the  microscopic  eiaminatioo 
of  minerals  and  rocks  is  performed.  A  little  experience  will  show 
the  learner  that  in  viewing  objects  in  this  way  he  may  obtain  some- 
what different  results  from  two  slices  of  the  same  rock  according  to 
their  relative  thinness.  In  the  thicker  one  a  certain  mineral  or 
rock,  obsidian  for  example,  will  appear  perhaps  brown  or  almost 
black,  while  in  the  other  what  is  evidentlv  the  same  mineral  may  be 
pale  yellow,  ereen,  brown,  or  almost  colourless.  Tridinic  felspars  seen 
in  polarised  li^ht  give  only  a  pale  milky  light  when  extremely  tlun» 
but  present  bnght  chromatic  bands  when  somewhat  thicker. 

PdariMsd  Light. — By  means  of  polarized  liffht  an  exoeedinglT 
delicate  method  of  investigation  is  made  availwle.    We  ass  faota 
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the  Niool  prisms,  ii  ^he  object  be  singly  refractiog^  such  as  a  piece 
of  glassy  or  an  amorphons  body,  or  a  crystal  belonging  to  some 
sabstaDoe  which  crystallizes  in  the  isometric  or  cnbic  system,  the  light 
will  reach  our  eye  apparently  unaffected  by  the  intervention  of  the 
object  The  iiela  will  remain  dark  when  the  axes  of  the  two  prisms 
are  at  right  angles  (crossed  Nicols^  in  the  same  way  as  if  no  inter* 
▼ening  object  were  there.  Bach  oodles  are  isoiropie.  If,  however, 
the  substance  under  examination  be  doubly  refracting — a  mineral 
belonging  to  one  of  the  other  crystallographic  systems — it  will 
modify  the  polarized  beam  -of  light  On  rotating  one  of  the 
|dsms  we  now  perceive  bands  or  flashes  of  colour,  and  numerous 
lines  appear  which  before  were  invisible.  The  field  no  longer 
remains  dark  v?hen  the  two  Nice!  prisms  are  crossed.  Such  a 
substance  is  anisciropie. 

It  is  evident,  therefore,  that  we  may  readily  tell  by  this  means 
whe^er  or  not  a  rock  contains  any  glassy  constituent  If  it  does, 
then  that  portion  of  its  mass  will  become  dark  when  the  prisms  are 
crossed,  while  the  crystalline  parts  which  in  the  vast  majority  of  cases 
do  not  belong  to  the  cubic  system,  will  remain  conspicuous  by  their 
brightness.  A  thin  plate  ef  quartz  makes  this  separation  of  the 
glassy  and  crystalline  parts  of  a  rock  even  more  satisfactory.  It  is 
placed  between  the  Nicol  prisms,  which  may  be  so  adjusted  with 
leferenoe  to  it  that  the  field  of  the  microscope  appears  uniformly 
violet.  The  glassy  portion  of  anv  rock,  being  singly  refracting  or 
isotropic,  pla^  on  the  stage  will  allow  the  violet  light  to  pass 
through  nnchanged,  but  the  crystalline  portions,  ibeing  doubly  re- 
fracting or  anisotropic,  will  alter  the  violet  light  into  other  prismatic 
colours.  The  object  Rhould  be  rotated  in  the  neld  and  the  eye  should 
be  kept  steadily  fixed  pon  one  portion  of  the  slide  at^  a  time,  so 
that  any  change  may  be  observed.  This  is  an  extremely  delicate 
test  for  the  presence  of  glassy  and  crystalline  constituents. 

In  searching  for  the  crystallographic  system  to  which  a  mineral 
in  a  microscopic  slice  should  be  referred,  attention  is  given  to  the 
directions  in  which  the  mineral  appears  dark,  in  other  "words,  to  the 
directions  of  its  extinction,  between  crossed  Nicols.  It  is  extinguished 
when  two  of  its  axes  of  elasticity  for  vibrations  of  light  coincide  with 
the  principal  sections  of  the  two  prisms.  Buring  a  complete  rotation 
of  the  slide  in  the  field  of  the  microscope  the  mineral  becomes  dark 
b  four  positions,  each  of  which  marks  that  coincidence.  When  on  the 
other  hand  the  prisms  are  placed  parallel  to  each  other,  the  coincidence 
of  their  principal  sections  with  the  axes  of  elasticitv  in  the  mineral 
allows  the  maximum  of  light  to  pass  through,  which  likewise  occurs 
foor  times  in  a  complete  rotation  of  the  mineral.  The  different 
crystallographic  systems  are  distinguishable  by  the  relation  between 
tiieir  crystallographic  axes  and  then:  axes  of  elasticity.  By  noting 
this  relation  in  the  case  c^  any  given  mineral  (and  there  are  usually 
cectimis  enoBgh  of  each  mineral  in  the  same  rock-slice  to  furnish  the 
required  data)  its  crystalline  system  may  be  fixed.    But  in  many 
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cases  it  has  been  found  possible  to  establish  characteristic  dicttinctiona 
for  individual  mineral  species,  by  noting  the  angle  between  the 
direction  of  their  extinction  and  certain  principal  faces.  It  would  be 
beyond  the  scope  of  this  volume  to  enter  into  the  details  of  this 
subject,  which  must  be  sought  in  some  of  the  works  already  cited. 
The  publications  of  Zirkel,  Bosenbusoh,  von  Lasaulx,  Fouqu^  and 
Michel-L^vy  may  especially  be  consulted. 

Pleochroism  {Biohraism). — Some  minerals  show  a  change  of 
colour  when  a  Tficol  prism  is  rotated  below  them,  hornblende, 
for  example,  exhibitmg  a  gradation  from  deep  brown  to  dark 
yellow.  A  mineral  presenting  this  change  is  said  to  be  pleochroic 
(polychroic,  dichroic,  trichroic).  To  ascertain  the  pleochroism  of 
any  mineral  we  may  remove  the  upper  polarizing  pnsm  and  leave 
only  the  lower.  If,  as  we  rotate  the  latter  direcUy  under  the  stage 
of  the  microscope,  no  change  of  tint  can  be  observed,  there  is  no 
pleochroic  mineral  present,  or  at  least  none  which  shows  pleochroism 
at  the  angle  at  which  it  has  been  bisected  in  the  slice.  But  we 
ma^  often  detect  in  a  slice  of  some  er^stalline  rock  little  crystals 
which  offer  a  change  of  hue  as  the  pnsm  goes  round.  These  are 
examples  of  pleochroism.  This  behaviour  may  be  used  to  detect 
the  mineral  constituents  of  rocks.  Thus  the  two  minerals  horn- 
blende and  augite,  which  in  so  many  respects  resemble  each  other, 
cannot  always  be  distinguisbed  by  cleavage  angles,  in  microscopic 
slices.  But  as  Tschermak  pointed  out,  augite  remains  passive  or 
nearly  so  as  the  lower  prism  is  rotated:  it  is  not  pleochroic,  or 
onl^  ver^  feebly  so;  while  hornblende,  on  the  other  hand,  ea- 
pecially  m  its  dark  varieties,  is  usually  stron^ljr  pleochroic  It  is  to 
DC  observed,  however,  that  the  same  minerfd  is  not  always  equally 
pleochroic,  and  that  the  absence  of  this  property  is  therefore  not  so 
reliable  as  a  ne^tive  testy  as  its  presence  is  asa  positive  test 

In  his  exammation  of  rocks  with  the  microscope  the  student  may 
find  an  advantage  in  propounding  to  himself  the  following  questions, 
and  referring  to  the  previous  pages  here  cited. 

1st,  Is  the  rock  enitirely  crjnstalline  (p.  105)  consisting  soldv  of 
ciystals  of  different  minerals  interlaced;  and  if  so^  what  are  these 
minerals?  2nd,  Is  there  any  trace  of  a  glassy  ground-mass  or  base 
(p.  99)  ?  Should  this  be  detected,  the  rock  is  certainly  of  vdcanie 
orig^in  (p.  104).  3rd,  Can  any  evidence  be  found  of  the  de- 
vitnfication  of  what  mav  have  been  at  one  time  the  c^lassy  basis  of 
the  whole  rock  ?  This  aevitrification  might  be  shown  bv  the  appeEO^ 
ance  of  numerous  microscopic  hairs,  rras,  bundles  of  feather-like 
irregular  or  granular  ag^^regations  (p.  100).  4th,  In  what  order 
did  the  minerals  crystallize?  This  may  oft^i  be  very  dearly 
made  out  with  the  microscope,  as,  for  instance,  where  one  mineral 
is  enclosed  within  another  (p.  99).  6th,  What  is  the  nature  of 
any  alteration  which  the  rocK  may  have  undergone?  In  a  vast 
number  of  cases  the  slices  show  abundant  evidence  of  such  mela- 
morphism ;  felspar  passing  into  granular  kaolin^  augite  changing  into 
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Tiridite,  olivine  into  BerpentinOy  while  seoondary  caloite,  qnartz,  and 
Kolites  run  in  minnte  reins  or  fill  np  insterstices  of  the  rock  (p.  107). 
6thy  Is  the  rock  a  fragmental  one ;  and  if  so,  what  is  the  nature  of 
ito  component  grains  ?  (p.  105.)  Is  any  trace  of  organic  remains  to 
be  detected?  (p.  106.) 

ill  Chemical  Analyais.^ 

The  determination  of  the  chemical  composition  of  rocks  by  detailed 
inalysis  in  the  wet  way,  demands  an  acquaintance  with  practical 
chemistry,  which  comparatively  few  geologists  possess,  ana  is  oon- 
Kqaently  for  the  most  part  left  in  the  hands  of  chemists,  who  are  not 
geologists.  But  as  some  theoretical  questions  in  geology  involve  a 
ecHttiaerable  knowledge  of  chemical  proeessee^  so  a  satisfactory 
malvsis  of  rocks  is  best  performed  by  one  who  understands  the  nature 
of  the  geological  problems,  on  which  such  sa  analysis  Biay  be  ex* 
pected  to  throw  light  As  a  rule,  detailed  chemical  analysis  Kes  out 
of  the  sphere  of  a  geologist's  work ;  yet  the  wider  his  knowledge  of 
chemical  laws  and  meth(^  the  better.  He  should  at  least  be  aUe  to 
employ  with  accuracy  the  simpler  processes  of  chemical  research,  to 
some  of  which  reference  has  already  been  frequently  made. 

1.  Pvlverizaiiath, — ^Much  may  be  learni  legarding  the  composition 
of  a  rock  by  reducing  it  to  powdec.  This  may  be  roughly  ac2ie  by 
placbf  some  pieces  of  the  jock  withia  folds  of  paper  upon  a  surfaee 
of  steeX  and  reducing  them  to  powder  hf  a  few  smart  blows  of  a 
bammer.  But  a  steel  mortar  is  more  eerviceable.  The  powder  can 
be  sifted  through  sieves  of  varying  degrees  of  fineness  and  the  separate 
fragments  may  be  examined  with  a  lens.  If  they  axe  dark  in  colour 
they  may  be  placed  on  white  paper,  if  lightrcoloured  thejr  are  move 
readily  observed  upon  a  black  paper.  Portions  of  this  powder  may 
be  carefully  mrashed  and  mounted  with  Canada  bidsam  on  glass,  sis  in 
the  way  already  described  for  thin  slioea.  Mfi^gnetic  particles  maj 
be  extracted  with  a  magnet,  the  end  of  which  is  preserved  &om  contad; 
with  the  powder  by  bemg  covered  with  fine  l;issue-paper.  An  electro- 
laagnet  will  at  once  vdthdraw  ihe  partides  of  minerals  which  contain 
iar  too  little  iron  to  be  ordinarily  necogniaed  as  magnetic;  in  this  way 
the  particles  of  a  ferruginous  magnesian  mica  may  in  a  few  seconds 
be  gathered  out  of  the  powder  of  a  granite. 

2.  Treatment  iwitk  Mid. — -The  geologist's  accoutrements  for  the 
field  should  include  a  small  acid-bottle  with  a  ^ass  stonper  prolonged 
downwards  into  a  point.  Dilute  hydrochloric  acid  is  commonly 
employed.  AVhen  a  drop  of  this  acid  gives  effervescence  upon  a 
•or&ce  ol  rock,  the  reaction  is  caused  bv  the  liberation  of  bubbles  of 
carbon  dioxide,  as  this  .oxide  is  replaced  by  the  more  powerful  acid. 
&Dee  efiervesoence  is  an  indication  of  the  presence  of  carbonates,  and 
when  brisk  is  specially  characteristic  of  calcium  carbonate.    Idme- 

'  Taken,  irith  some  aUeratums  and  additioDB,  firom  the  aathoi^s  (hUlinet  of  Field 
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stone  and  markedly  calcareous  rocks  may  thus  at  once  be  detected. 
By  the  same  means  the  decomposition  of  such  rocks  as  dolerite  majr 
be  traced  to  a  considerable  distance  inward  from  the  sorfitce;  the 
orisdnal  lime^bearing  silicate  of  the  rock  having  been  decomposed  bjr 
infiltrating  rain  water,  and  partially  converted  into  carbonate  of  lime. 
This  carlx>nate  being  far  more  sensitive  to  the  acid  test  than  the 
other  carbonates  usually  to  be  met  with  among  rocks,  a  drop  of  week 
cold  acid  suffices  to  produce  abundant  effervescence  even  from  m 
crystidline  fttce.  But  the  effervescence  becomes  much  more  marked 
if  we  apply  the  add  to  the  powder  of  the  stone.  For  this  purpose  a 
scratch  may  be  made  and  then  touched  with  aeid,  when  a  oopiotis 
discharge  of  earbonic  acid  may  be  obtained  where  otherwise  it  might 
appear  so  feebly  as  perhaps  even  to  escape  observation.  Some  car- 
bonates, dolomite  for  example,  are  hardly  affected  by  acid  until 
powdered  In  other  cases  the  aeid  requires  to  be  heateo,  or  must  be 
used  yery  strong,  as  with  siderite. 

It  is  a  convenient  method  of  roughly  estimating  the  purity  of  a 
limestone  to  place  a  fragment  of  the  rock  in  hydrochloric  acid. 
If  there  is  much  impurity  (clay,  sand,  oxide  of  iron,  &c.),  this  will 
remain  behind  as  an  insoluole  residue,  and  may  then  be  further 
tested  chemically  or  examined  with  the  microscope.  Of  course  the 
acid  may  attack  some  of  the  impurities,  so  that  it  cannot  be  concluded 
that  the  residue  absolutel^r  represents  everything  present  in  the  rock 
except  the  carbonate  of  lime,  but  the  proporticMi  of  non-calcareous 
matter  so  dissolved  by  the  acid  will  usually  be  smalL 

Hydrofluoric  acid  is  a  reagent  of  considerable  service  in  separating 
the  mineral  constituents  of  rocks.  The  rock  to  be  studied  is  reduced 
to  powder  and  introduced  gently  into  a  platinum  capsule  oontainiog 
the  concentrated  acid.  i)uring  the  consequent  effervesence  the 
mixture  is  cautiously  stirred  with  a  platinum  spatula.  Some  minerals 
are  converted  into  fluorides,  others  into  fluosilicates  while  some^ 
particularly  the  iron*-magnesia  t^pecies,  remain  undissolved.  The  thick 
jelly  of  silica  and  alumina  is  remoyed  with  water,  and  the  crystalline 
minerals  lying  at  the  bottom  can  then  be  dried  and  examined.  By 
arresting  the  solution  at  different  stages  the  different  minerals  may 
be  isolated  This  process  is  admirably  adapted  for  collecting  the 
pyroxene  of  pyroxenic  rocks.* 

3.  Further  chemical  processes. — A  thorough  chemical  analysis  of 
a  rock  or  mineral  is  indispensable  for  the  elucidation  of  its  com- 
position. But  there  are  several  processes  by  which,  until  that 
complete  analysis  has  been  made,  the  geologist  may  add  to  his 
knowledge  of  the  chemical  nature  of  the  objects  of  his  study.  It  is 
commonly  the  case  that  minerals  about  which  he  may  be  doubtful 
are  precisely  those  which,  from  their  small  size,  are  most  diflicult 
of  separation  from  the  rest  of  the  rock  preparatory  to  analytical  pro- 
cesses. The  mineral  apatite,  for  example,  occurs  in  minute  hexa- 
gonal prisms  which  on  cross-fracture  might  be  mistaken  for  nepheline, 

t  Fouqu^  et  Hiohel-Iify,  op.  cU,  p.  116. 
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or  eT6n  aometimes  for  quartz.  If^  however,  a  drop  of  solution  of 
molybdateof  ammonia  be  placed  upon  one  of  these  crystals^  a  yellow 
precipitate  will  appear  if  it  be  apatite.  N^heline,  which  is  another 
Dezagonal  mineral  likewise  abundant  in  some  rocks,  gives  no  yellow 
precipitate  with  the  ammonia  solution,  while  if  a  arop  of  hydro- 
chloric acid  be  put  over  it  crystals  of  chloride  of  sodium  or  common 
salt  will  be  obtain^.  These  reactions  can  be  observed  even 
with  minute  crystals,  by  placing  them  under  the  microscope  and 
usmg  an  exceedingly  attenuate  pipette  for  dropping  the  liquid 
OQ  toe  slide. 

Keeently  two  ingenious  applications  of  chemical  processes  to  the 
determination  of  minute  frap^ments  of  minerals  have  been  made.  In 
one  of  these,  devised  by  Boricky/  hydrofluosilicic  acid  of  extreme 
parity  is  employed.  This  acid  decomposes  most  silicates,  and  forms 
from  their  bases  hydrofluosilicates.  A  particle  about  the  size  of  a 
pra*head  of  the  mineral  to  be  examined  is  fixed  by  its  base  upoh  a 
thin  layer  of  Canada  balsam  spread  upon  a  slip  of  glass,  and  a  drop 
of  the  acid  is  placed  upon  it.  The  preparation  is  then  set  in  moist 
air  near  a  saucer  of  water  under  a  oell-glass  for  twenty-four  hours, 
after  which  it  is  enclosed  in  dry  air,  with  chloride  of  calcium. 
In  a  few  hoars  the  hydrofluosilicates  crystallize  out  upon  the  balsam 
and  can  be  examined  with  the  microscope.  Those  of  potassium  take 
the  form  of  cubes,  of  sodium  hexagonal  prisms,  &c. 

The  second  process  consists  in  utilizing  the  colorations  given  to 
the  flame  of  a  Bunsen  burner  by  sodium  and  potassium.  An  elongated 
splinter  of  the  mineral  to  be  examined  is  first  placed  in  the  outer  or 
oxidizing  part  of  the  flame  near  the  base,  and  then  in  the  reducing 
part  furtner  up  and  nearer  the  centre.  The  amount  of  sodium  present 
ID  the  mineral  is  indicated  by  the  extent  to  which  the  name  is 
coloared  yellow.  The  potassium  is  similarly  estimated,  but  the  flame 
is  then  looked  at  with  cobsdt  glass,  so  as  to  eliminate  the  influence  of 
the  sodium.' 

Another  process  has  been  devised  by  M.  Thoulet  for  making  a 

?|nalitative  and  even  quantitative  analysis  of  the  powder  of  a  rock, 
t  consists  in  the  use  of  a  solution  of  iodide  of  mercury  in  iodide  of 
potassium,  which  at  a  temperature  of  IV  C.  has  a  density  of  2*77.  The 
powder  of  a  rock  being  introduced  into  this  li(][uid,  those  particles 
whose  specific  gravity  exceeds  that  of  the  liquid  will  sink  to  the 
bottom,  while  those  which  are  lighter  will  float.  This  process  allows 
of  the  separation  of  the  felspars  from  each  other,  and  at  once  eliminates 
the  heavv  minerals  such  as  hornblende,  augite,  and  black  mica.^ 

4.  Biouhfipe  Tests. — ^The  chemical  tests  with  the  blow-pipe  are 
simple,  easily  applied,  and  require  only  patience  and  practice  to  give 
great  assistance  in  the  determination  of  minerals.    If  unacquainted 

*  Atrkh  Naiurwiu.  Landesdureh/ortehung  von  B6hmen,  iii.  fasc.  3, 1876. 

*  8abo,  *«Ueber  eine  neue  Melhode  die  Fel8i«the  auch  in  (^eBteinen  zn  bestim- 
nwu."    Boda-Pest,  1870. 

'  Fooqu^  et  Michel-L^Tj,  op,  cit  p.  117. 
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with  blow-pipe  analysis  the  student  must  refer  to  one  or  other  of 
the  numerous  text-books  on  the  subject,  some  of  which  are  mentioned 
below.^  For  early  practice  the  following  apparatus  will  be  found 
sufBcient: — 

1.  Blow-pi]je. 

9.  Thick-wicked  candle,  or  a  tin  box  filled  with  the  material  of  Child's 
night-lights,  and  furnished  w*ith  a  piece  of  Freyberg  wick  in  a  metaUic 
support. 

8.  Flatinum-tipped  forceps. 

4.  A  few  pieces  of  platinum  wire  in  lengths  of  three  or  four  inches. 

5.  A  few  pieces  of  platinum  foil. 

6.  Some  pieces  of  cnarcoal. 

7.  A  number  of  closed  and  open  tubes  of  hard  glaFs. 

8.  Three  small  stoppered  bottles  containing  senium  carbonate,  borax, 
and  microcosmic  salt. 

9.  Magnet 

This  list  can  be  increased  as  experience  is  gained.  The  yrhcie 
apparatus  may  easily  be  packed  into  a  box  which  will  go  into  the 
comer  of  a  portmanteau. 

'  The  great  work  on  the  blow*pipe  is  Plattner's,  of  which  an  EngUah  translatioii  has 
been  published.  Elderhorst's  Manual  of  Qualitative  BUno^pipe  Anaiff9i$  a$id  Detenmi" 
native  Mineralogy,  by  H.  B.  Nason  and  C.  V,  Obandler  (Philadelphia :  N.  8.  Porter  and 
Coatea),  is  a  emaUer  but  useful  yolume ;  while  still  less  pretending  is  Soheerer'a  LUro" 
duetion  to  ihe  U$e  of  the  Mouth  Bhuhpipe,  of  which  a  third  edition  by  H.  F.  Blanlbrd 
was  published  in  lo75  by  F.  Norgate.  An  admirable  work  of  reference  will  be  fbimd 
in  Professor  Brush's  Manual  of  Determinative  Mineralogy  (New  York :  J.  Wiley  and 
Bon). 

The  student  who  would  pursue  physical  geology  by  original  research  in  the  field  and 
abroad  may  consult  Bou#,  **  Guide  du  G^logue  Yoyageur,'*  2  tqIs.  1835 ;  filie  de  Beau- 
mont, **  Leoons  de  G^logie  pratique,"  yol.  I.,  1845 ;  Penning  and  Jukes-Browne,  **  Field 
Geology,"  2nd  edit.  1880 ;  A.  Geikie,  '*  OuUliies  of  Field  Gtoology,"  1879. 
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BOOK  III. 

DYNAMICAL  GEOLOGY. 

DrHAMiGAii  OEOLOOT  investigates  the  processes  of  change  at  present 
b  progress  upon  the  earth,  whereby  modifications  are  made  on  the 
stractore  and  composition  of  the  crost^  on  the  relations  between 
the  interior  and  the  surfetce,  as  shown  by  volcanoes,  earthquakes,  and 
other  terrestrial  disturbances,  on  the  distribution  of  land  and  sea,  on 
the  outlmes  of  the  land,  on  the  form  and  depth  of  the  sea-bottom, 
on  marine  currents,  and  on  climate.  Bringmg  before  us,  in  short, 
the  whole  ran^  of  geological  activities,  it  leads  us  to  precise  notions 
regarding  their  relations  to  each  other,  and  the  results  which  they 
achieve.  A  knowledge  of  this  branch  of  the  subject  is  thus  the 
essential  groundwork  of  a  true  and  fruitful  acquamtance  with  the 
principles  of  geology,  seeing  that  by  the  study  of  the  present  order 
of  nature,  it  provides  a  key  for  the  interpretation  of  the  past. 

The  whole  range  of  operations  in  Dynamical  Geology  mav  be 
regarded  as  a  vast  cycle  of  change,  into  the  investigation  of  wnich 
the  student  may  break  at  anv  point,  and  round  which  he  may  travel, 
only  to  find  himself  brought  back  to  his  starting-point  It  is  a 
matter  of  comparatively  small  moment  at  what  part  oi  the  cycle  the 
inquiry  is  begun.  The  changes  seen  in  action  will  always  be  found 
to  have  resulted  from  some  that  preceded,  and  to  give  place  to 
otheiB  that  follow  them. 

At  an  early  time  in  the  earth's  history,  anterior  to  any  of  the 
periods  of  which  a  record  remains  in  the  visible  rocks,  the  chief 
sources  of  geological  action  probably  lay  within  the  earth  itself.  The 
planet  stiu  retained  much  of  its  initial  heat,  and  in  all  b'kelihood 
was  the  theatre  of  great  chemicid  changes.  As  the  outer  layers  of 
the  globe  cooled,  and  the  disturbances  due  to  internal  heat  and 
chemical  action  became  less  marked,  the  influence  of  the  sun,  which 
most  always  have  operated,  and  which  in  early  geological  times  may 
hare  becai  more  effective  than  it  afterwards  became,  would  then 
>tand  out  more  clearly,  giving  rise  to  that  wide  circle  of  superficial 
changes  wherein  variations  of  temperature  and  the  circulation  of  air 
uid  water  over  the  surface  of  the  earth  come  into  play. 

In  the  pursuit  of  his  inquiries  into  the  past  history  and  into  the 
present  regime  of  the  earth,  the  student  must  needs  keep  his  mind 
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ever  open  to  the  reception  of  evidence  for  kinds  and  especially  for 
degrees  of  action  which  he  had  not  before  encountered.  Human 
experience  has  been  too  short  to  allow  him  to  assume  that  all  the 
causes  and  modes  of  geological  change  have  been  definitively  ascer- 
tained. Besides  the  fact  that  both  terrestrial  and  solar  energy  were 
once  probably  more  intense  than  now,  there  may  remain  for  future 
discovery  evidence  of  former  operations  by  heat,  magnetism,  chemical 
change,  or  other  agency,  that  may  explain  phenomena  with  which 
geology  has  to  deal.  Of  the  influences,  so  many  and  profound, 
which  the  sun  exerts  upon  jour  planet,  we  can  as  yet  only  perceive 
a  little.  Nor  can  we  tell  what  other  cosmical  influences  may  have 
lent  their  aid  in  the  revolutions  of  geology. 

In  the  present  state  of  knowledge,  all  the  geological  energy  upon 
and  within  the  earth  most  ultimately  be  traced  back  to  the  primeval 
energy  of  the  parent  nebula,  or  sun.  There  is,  however,  a  certain 
propriety  and  convenience  in  distinguishing  between  that  part  of  it 
which  is  due  to  the  survival  of  some  of  me  original  energy  of  the 
planet,  and  that  part  which  arises  from  the  present  supply  of  energy 
received  day  by  oay  from  the  sun.  In  the  former  case  the  geologist 
has  to  deal  with  the  interior  of  the  earth  and  its  reaction  upon  the 
surface ;  in  the  latter  he  is  called  upon  to  study  the  surface  of  the 
earth,  and  to  some  extent  its  reaction  on  the  interior.  This  distinc- 
tion allows  of  a  broad  treatment  of  the  subject  under  two  divisions  :— 

I.  Hypogene  or  Plutonic  Action — the  changes  within  the 
earth  caused  by  original  internal  heat  and  by  chemical  action. 

IL  Epigene  or  Surface  Action — the  chances  produced  on 
the  superncial  parts  of  the  earth,  chiefly  by  the  circumtion  of  air  and 
water  set  in  motion  by  the  sun's  heat. 


Part  I.  Hipogene  Action. 

An  Inquiry  into  the  Oeological  Changes  in  Progress  leneaih  the 
Surface  of  the  Earth. 

In  the  discussion  of  this  branch  of  the  subject  it  is  useful  to  cany 
in  the  mind  the  conception  of  a  globe  still  intensely  hot  within, 
radiating  heat  into  space,  and  consequently  contracting  in  bulk. 
Portions  of  molten  rocks  from  inside  are  from  time  to  time  poured 
out  at  the  surface.  Sudden  shocks  are  generated  by  which  destroc- 
tive  earthquakes  are  propagated  to  and  along  the  surface.  Wide 
geographiagJ  areas  are  upraised  or  depr^sed.  In  the  midst  of  these 
movements  the  rocks  of  the  crust  are  shattered,  fractured,  squeezed, 
crumpled;  rendered  crystalline,  and  even  fused. 


Digitized  by 


Google 


Part  L  Sect.  L  §  1.]    VOLCANIC  PKODUCTS.  197 


Section  L  Volcanoes  and  Volcanic  action.^ 
§  1.    Volcanic  Products. 

The  term  volcanic  action  ^vulcanism  or  vnlcanicity)  embraces  all 
the  phenomena  connected  with  the  expulsion  of  heated  materials 
from  the  interior  of  the  earth  to  the  surface.  Among  these  phe- 
nomena some  possess  an  evanescent  character,  while  others  leave 
permanent  proofs  of  their  existence.  It  is  naturally  to  the  latter 
that  the  geologist  gives  chief  attention,  for  it  is  by  their  means  that 
he  can  trace  former  phases  of  volcanic  activity  in  regions  where,  for 
many  ages,  there  have  been  no  volcanic  eruptions.  In  the  operations 
of  existing  volcanoes  he  can  observe  only  superficial  manifestations 
of  volcanic  action.  But,  examining  the  rocks  of  the  earth's  crust, 
he  discovers  that  amid  the  many  terrestrial  revolutions  which 
geology  reveals,  the  very  roots  of  former  volcanoes  have  been  laid 
bare,  displaying  subterranean  phases  of  vulcanism  which  could  not  be 
Rtudied  in  any  modem  volcano.  Hence  an  acquaintance  only  with 
active  volcanoes  will  not  afford  a  complete  knowledge  of  volcanic 
action.  It  must  be  supplemented  and  enlarged  by  an  investigation 
of  the  traces  of  ancient  volcanoes  preserved  in  the  crust  of  the  earth. 
(Book  IV.  Part  VII.) 

The  word  "  volcano  "  is  applied  to  a  conical  hill  or  mountain, 
(composed  mainly  or  wholly  of  erupted  materials)  from  the  summit, 
and  often  also  from  the  sides  of  which  hot  vapours  issue,  and  ashes 
and  streams  of  molten  rock  are  intermittently  expelled.  The  term 
"volcanic**  designates  all  the  phenomena  essentially  connected  with 
<Hi6  of  th^e  channels  of  communication  between  the  surface  and  the 
heated  interior  of  the  globe.  Yet  there  is  good  reason  to  believe 
that  the  active  volcanoes  of  the  present  day  do  not  afford  by  any 
means  a  complete  type  of  volcanic  action.  The  first  effort  in  the 
formation  of  a  new  volcano  is  to  establish  a  fissure  in  the  earth's 
cmst  A  volcano  is  only  one  vent  or  group  of  vents  established 
along  the  line  of  such  a  fissure.  But  in  many  parts  of  the  earth, 
alike  in  the  old  world  and  the  new,  there  have  been  periods  in  the 
earth's  history  when  the  crust  was  rent  into  innumerable  fissures 

*  The  ttndent  is  referred  to  the  foUowing  works  in  which  the  phenomena  of  yol- 
enon  are  tpecially  described.  Scrope,  "  Ooiuiderations  on  Volcanoes,"  London,  182.5 ; 
"Volcanoes,*  London,  2nd  edit  1872 ;  "Extinct  Volcanoes  of  Central  France,"  London, 
1858;  *"  On  Volcanic  Ck>ne8  and  Craters,"  Quart  Joum.  Oed.  Sue,  1859.  Daubeny,  '*  A 
Devription  of  Active  and  Extinct  Volcanoes,"  2nd  edit.,  London,  1858.  Darwin,  ^*  Geo- 
logical Obserrationa  on  Volcanic  Islands,"  2nd  edit.,  London,  1876.  A.  von  Humboldt, 
••Ueber  den  Bac  und  die  Wirknng  der  Vnlkane,"  Berlin,  1824.  L.  von  Buch,  "  Ueber 
die  Xator  der  vnlkanlschen  Erscheinnngen  anf  den  Canarisohen  Inseln,"  Poggend. 
Jmuien  (1827),  ix.  x. ;  "Ueber  Erhebungskratere  nnd  Vulkane,"  Poggend,  Annalen 
0836),  xxxviL  K.  A.  von  Hoff,  **  Geechichte  der  dnroh  Ueberlieferung  naohgewiesenen 
Bfttdrliehen  Yeraodemnpren  der  Erdoberfliiche,"  (Part  ii.,  "  Vulkane  und  Erdbeben,") 
(kitha,  1824.  G.  W.  C.  Fochs,  "  Die  vulkanischen  Erscheinungen  der  Erde,"  Leipzig, 
18a5.  B. Mallet,  "On  Volcanic  Energy,"  PhiL  Trans,  1873.  E.  Beyer,  "  Beitrag  zur 
Phynk  der  Emptionen,"  Vienna,  1877.  Fouqu^,  "Santorin  et  ses*  Eruptions,"  Paris, 
1879.  B^ferenoes  will  be  found  in  succeeding  pages  to  other  and  more  special  memoinC 
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over  areas  thousands  of  scj^uare  miles  in  extent,  and  when  the 
molten  rock,  instead  of  issuing,  as  it  does  at  a  modem  volcano,  in 
narrow  streams  from  one  or  more  points,  welled  out  from  the  rents, 
and  flooded  enormous  tracts  of  country  without  forming  any  moun- 
tain or  volcano  in  the  usual  sense  of  these  terms.  Of  these  '*  fissure- 
eruptions,''  apart  from  volcanic  cones,  no  examples  have  occurred 
witnin  the  times  of  human  liistory,  unless  some  of  the  lava-floods  of 
Iceland  can  be  so  regarded.  They  can  only  be  studied  from  the 
remains  of  former  convulsions.  Their  importance,  however,  has  not 
yet  been  generally  recognised  in  Europe,  though  acknowledged  in 
America,  where  they  have  been  largely  developed.  Much  still 
remains  to  be  done  oefore  their  mechanism  is  as  well  understood 
as  that  of  the  lesser  type  to  which  all  present  volcanic  action 
belongs.  Hence  in  the  succeeding  narrative  an  account  is  first 
given  of  the  ordinary  and  familiar  volcano  and  its  products;  and 
m  §  3  ii.,  some  details  are  given  of  the  general  aspect  and  character 
of  the  more  gigantic  fissure  eruptions. 

The  openings  by  which  heated  materials  from  the  interior  now 
reach  the  surfi^e  include  volcanoes  (with  their  various  accompany- 
ing orifices)  and  hot-springs. 

The  prevailing  conical  form  of  a  volcano  is  that  which  the  ejected 
materials  naturally  assume  round  the  vent  of  eruption.  The  sammit 
of  the  cone  is  truncated  (Fig.  32)  and  presents  a  cup-shaped  or 
cauldron-like  cavity  termed  the  crater,  at  the  bottom  of  which  is 
the  top  of  the  main  funnel  or  pipe  of  communication  with  the  heated 
interior.  A  volcano,  when  of  small  size,  may.  consist  merely  of  one 
cone ;  when  of  the  largest  dimensions,  it  forms  a  huge  mountaio, 
with  many  subsidiary  cones  and  many  lateral  fissures  or  pipes,  from 
which  the  heated  volcanic  products  are  given  out.  Mount  Etna 
(Fig.  32)  rising  from  the  sea  to  a  height  of  10,840  feet^  and  support- 
ing as  it  does  some  200  minor  cones,  many  of  which  are  in  themselves 
considerable  hills,  is  a  magnificent  example  of  a  colossal  volcano. 

The  materials  erupted  from  volcanic  vents  may  be  classed  as 
(1)  gases  and  vapours,  (2)  water,  (3)  lavas,  (4)  fragmentary  substances. 
A  brief  summary  imder  each  of  these  beiads  may  be  given  here ;  the 
share  taken  by  the  several  products  in  the  phenomena  of  an  active 
volcano  is  described  in  §  2. 

1.  Oases  and  Vapoars  exist  absorbed  in  the  molten  magms 
within  the  earth's  crust.  They  play  an  important  part  in  volcanic 
activity,  showing  themselves  in  the  earliest  stages  of  a  volcano's 
history,  and  continuing  to  appear  for  centuries  after  all  the  other 
evidences  of  subterranean  action  have  ceased  to  be  manifested.  By 
much  the  most  abundant  of  them  all  is  steam,  which  has  been  estimated 
to  form  -,2^ths  of  the  whole  cloud  that  hangs  over  an  active  volcana 
In  great  eruptions  it  rises  in  prodigious  quantities,  and  is  rapidly 
condensed  into  a  heavy  rainfall.  M.  Fouou^  calculated  that  during 
100  days  one  of  the  parasitic  cones  on  Etna  had  ejected  vapour  enough 
o  form  if  condensed,  2,100,000  cubic  mitres  (462,000,000  gallons) 
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ct  water.  Bat  even  from  yolcanoes  which,  like  the  Solfatara  of 
Naples,  have  been  dormant  for  centuries,  steam  sometimes  still  rises 
witncmt  intermission  and  in  considerable  volume.    Jets  of  vapour 


msh  out  from  clefts  in  the  sides  and  bottom  of  a  crater  with  a 
rme  like  that  made  by  the  steam  blown  off  by  a  locomotive.  The 
number  of  these  funnels  or  fumaroles  is  often  so  large,  and  the 
amoimt  of  vapour  so  abundant,  that  only  now  and  then,  when  the 
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wind  blows  the  dense  clond  aside,  can  a  momentary  glimpse  be  had 
of  a  part  of  the  bottom  of  the  crater;  while  at  the  same  time  the 
rush  and  roair  of  the  escaping  steam  remind  one  of  the  din  of  some 
yast  factory.  Aqueous  vapour  rises  likewise  from  rents  on  the 
outside  of  the  volcanic  cone.  It  issues  so  copiously  from  some 
flowing  lavas  that  the  stream  of  rock  may  be  almost  concealed 
from  view  by  the  cloud  ;  and  it  continues  to  escape  from  fissures  of 
the  lava,  far  below  the  point  of  exit,  for  a  lon^  time  after  the  rock 
has  solidified  and  come  to  rest  So  saturated,  as  it  were,  are  many 
molten  lavas  with  the  vapour  of  water  that  Mr.  Scrope  even 
maintained  that  their  mobility  was  due  to  this  cause.^ 


Fio.  33. — View  op  Vesuvius  as  seen  fbom  Naples  dubino  tus  sBumoK  or 

1872,  BHOWIMU  THE  DENSE  OLOUDS  OF  CONDENSED  AqUBOUS  VaPOUB. 

Probably  in  no  case  is  the  steam  mere  pure  vapour  of  water, 
though  when  it  condenses  into  copious  rain  it  is  fresh  and  not  salt 
water.  It  is  associated  with  other  vapours  and  gases  disengaged 
from  the  potent  chemical  laboratory  underneath.  There  seems  to 
be  always  a  definite  order  in  the  appearance  of  these  vapours,  though 
it  may  vary  for  different  volcanoes.  The  hottest  and  most  actiye 
fumaroles  contain  probably  all  the  gases  and  vapours  of  a  voIcsdo, 
but,  as  the  heat  diminishes,  the  series  of  gaseous  emanations  is 
reduced.  Thus  in  the  Vesuvian  eruption  of  1855-56,  the  lava,  as 
it  cooled  and  hardened,  gave  out  successively  vapours  of  hydrochloric 
acid,  chlorides,  and  sulphurous  acid;  then  steam;  and,  fiually) 
carbon  dioxide  and  combustible  gases.'    More  recent  observations  tend 

*  CoHfiderationii  on  Volcanoes  (1S25\  p.  110. 

«  C.  Bainte-Claire  Deville  and  Leblnnc,  Ann.  Chim,  et  Pftyt.  IS5S,  liL  p.  19,  el  «^ 
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to  oonoboiate  the  dednctions  of  C.  Saiiite-Claire  DoTille  that  the 
Datnre  of  the  yapoora  evolved  depends  on  the  temperature  or  degree  of 
activity  of  the  volcanic  orifice,  chlorine  (and  nuorine)  emanations 
indicating  the  most  energetic  phase  of  emptivity,  sulphurons  ^ses 
a  diminishing  condition,  and  carbonic  acid  (with  hydrocarbons) 
die  dying  ont  of  the  activity.  A  ^  solfatara,**  or  vent  emitting  only 
gaseoiis  discharges,  is  believed  to  pass  tlirough  these  successive 
staces.  Wolf  observed  that  on  Cotopaxi  while  hydrochloric  acid, 
axui  even  free  chlorine  escaped  from  tbe  summit  of  the  cone,  sul- 
pbnretted  hydrogen  and  sulphurous  acid  issued  from  the  middle 
and  lower  slopes.^  Fouqu^'s  studies  at  Santorin  have  shown  also 
that  from  submarine  vents  a  similar  order  of  appearance  obtains 
among  the  volcanic  vapours,  hydrochloric  and  sulphurous  acids 
being  only  found  at  points  of  emission  having  a  temperature  above 
VXf  C,  while  carbon  dioxide,  sulphuretted  hydrogen  and  nitrogen 
oceur  at  all  the  fumaroles,  even  where  the  temperature  is  not  higher 
than  that  of  the  atmosphere.' 

The  following  are  tiie  chief  gases  evolved  at  volcanic  fumaroles. 
Hydrochloric  acid  is  abundant  at  Vesuvius,  and  probably  at 
many  other  vents  whence  it  has  not  been  recorded.  It  is  recognis- 
able by  its  pungent,  suffocating  fumes,  which  make  approach  difficult 
to  the  cleus  Irom  which  it  issues.  Sulphuretted  hydrogen 
and  sulphurous  acid  are  distinguishable  by  their  odours.  The 
liability  of  the  former  gas  to  decomposition  leads  to  the  deposition 
of  a  yellow  crust  of  sulphur,  and  perhaps  also  to  the  production  of 
the  sulphuric  acid  observed  at  active  vents.  Allusion  has  already 
been  made  (p.  53)  to  the  emission  of  free  hydrogen  or  of  com* 
bastible  compounds  of  this  gas  by  Vesuvius.  At  the  eruption 
of  Santorin  in  1866  these  gases  were  also  distinctly  recogniscKl  by 
Fooqu4  ^ho  for  the  first  time  established  the  existence  of  true  volcanic 
flames.  These  were  again  studied  spectroseopically  in  the  following 
year  by  Janssen,  who  found  them  to  arise  essentidly  from  the  com- 
bustion of  free  hydrogen,  but  with  traces  of  chlorine,  soda,  and 
copper.  Fouqu^  determined  by  analysis  that  immediately  over  the 
focus  of  eruption  free  hydrogen  formed  thiity  per  cent,  of  the  gases 
emitted,  but  that  the  proportion  of  this  gas  rapidly  diminishes  with 
distance  firom  the  active  vents  and  hotter  lavas,  while  at  the  same 
time  the  proportion  of  marsh  gas  and  carbon  dioxide  rapidly  increases. 
The  gaseous  emanations  collected  by  him  were  found  to  contain 
aboncumt  free  oxygen  as  well  as  hydrogen.  One  analysis  gave  the 
following  results:  carbon  dioxide  0*22,  oxygen  21*11,  nitrogen  21-90, 
hydrogen  56*70,  marsh  gas  0*07,  =  100*00.  This  gaseous  mixture, 
on  coming  in  contact  with  a  burning  body,  at  once  burns  with  a 
«harp  explosion.  Fouqu6  infers  that  the  water-vapour  of  volcanic 
vents  mi^  exist  in  a  state  of  dissociation  within  the  molten  magma 
whence  lavas  rise.*    Carbon  dioxide  rises  chiefly  (a)  after  an 

»  Netiet  Jahri),  1878,  p.  164.  «  «  Santorin  et  ses  ^^ruptions,"  Paris,  1879. 

'  Fouqn^,  op.  mt  p.  225. 
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eruption  has  ceased  and  the  yolcano  relapses  into  qnieecenoe ;  or  (b) 
after  volcanic  action  has  otherwise  become  extinct.  Of  the  former 
phase  instances  are  on  record  at  Yesavius  where  an  emption  has 
been  followed  by  the  emission  of  this  gas  so  copiously  from  the 

Sound  as  to  suffocate  hundreds  of  hares,  pheasants,  and  paxtridgee. 
^  the  second  phase  good  examples  are  supplied  by  the  ancient  voir 
canic  regions  oi  the  Eifel  and  Auvergne,  wnere  the  gas  still  rises  in 
prodigious  quantities.    Bischof  estimated  that  the  volume  of  carbonic 
acid  evolvea  in  the  Brohl  Thai  amounts  to  5,000,000  cubic  feet,  or 
300  tons  of  gas  in  one  day.    Nitrogen,  derived  perhaps  from  the 
decomposition    of   atmospheric  air  dissolved  in  the  water  which 
penetrates  into  the  volcanic  foci,  has  been    frequently  detected 
among  the  gaseous  emanations.    At  Santorin  it  was  found  to  form 
from  1  to  88  per  cent,  of  the  gas  obtained  from  different  fumarolee.^ 
With  these  gases  and  vapours  are  associated  many  substances 
which,  sublimed  by  the  volcanic  heat  or  resulting  from  reactions 
among  the  escaping  vapours,  appear  as  deposits  along  crevices  and 
surfia(^  wherein  they  reach  the  air  and  are  cooled.    Besides  sul- 
phur, there  are  several  chlorides  (particularly  that  of  sodium, 
and  less  abundantly  those  of  iron,  copper,  and  lead);   also  free 
sulphuric  acid,  sal-ammoniac,  specular  iron,  oxide  of 
copper,  boracic  acid,  alum,  sulphate  of  lime,  and  other 
substances.    Sodium  chloride  sometimes  appears  so  abundantly  that 
wide  spaces  of  a  volcanic  cone,  as  well  as  of  the  newly-erupted 
lava,  are  crusted  with  salt,  which  can  even  be  profitablj  removed 
by  the  inhabitants  of  the  district    Considerable  quantities  of  these 
chlorides  may  thus  be  buried  between  successive  sheets  of  lava, 
and  in  long  subsequent  times  may  give  rise  to  mineral  springs,  as 
has   been    suggested  with  reference  to  the   saline  waters  which 
issue  from  volcanic  rocks  of  Old  Red  Sandstone  and  Carboniferous 
age  in  Scotland.^    The  iron-chloride  forms  a  bright  yellow  and 
radish  crust  on  the  crater  walls,  as  well  as  on  loose  stones  on  the  slopes 
of  the  cone.    Specular  iron  from  the  decomposition  of  iron-chloride 
forms  abundantly  as  thin  lamellsB  in  the  fissures  of  Yesuvian  lavas.  Li 
the  spring  of  1873  the  author  observed  delicate  bro\^n  filaments  of 
tenorite  (copper-oxide,  CuO)   forming  in  clefts  of  the  crater  of 
Yesuvius.    They  were  upheld  by  the  upstreaming  current  of  vapour 
until  blown  off  by  the  wind.     Fouqu^  has  described  tubular  vents 
in  the  lavas  of  Santorin  wherein  crystals  of  anorthite,  sphene  and 
pyroxene  have  recently  been  formed  by  sublimation. 

2.  Water. — In  connection  with  the  aqueous  vapour  of  volcanoes, 
reference  may  be  made  here  to  the  abundant  discharges  of  water  which 
accompany  some  volcanic  explosions.  Three  sources  of  this  water  may 
be  assigned : — (1)  from  the  melting  of  snow  by  a  rapid  accession  of 
temperature  previous  to  or  during  an  eruption;  tnis  takes  place 
from  time  to  time  on  Etna,  in  Iceland,  and  among  the  snowy  ranges 
of  the  Andes,  where  the  cone  of  Cotopazi  is  said  to  have  been  entiiely 

*  Fonqu^  loc,  eit,  *  GeUde,  Proe.  Boy,  8oe,  Edin^  iz.  p.  867. 
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difested  of  its  snow  in  a  single  night  by  the  heatmg  of  the  mountain ; 
^2)  from  the  condensation  of  the  vast  clouds  of  steam  which  are 
oischara^ed  during  an  eruption ;  this  undoubtedly  is  the  chief  source 
of  the  destmctiye  torrents  so  frequently  obsenred  to  form  part  of  the 
phenomena  of  a  great  volcanic  explosion ;  and  (3)  from  the  disruption 
of  resenroirs  of  water  filling  subterranean  cavities,  or  of  lakes 
occupying  crater-basins;  this  has  several  times  been  observed  among 
the  South  American  volcanoes,  where  immense  quantities  of  dead 
fish,  which  inhabited  the  water,  have  been  swept  down  with  the 
escaping  torrents.  The  volcano  of  Agua,  in  Guatemala,  has  never 
been  known  to  discharge  anything  but  water.  In  the  beginning  of 
the  year  1817  an  eruption  took  place  at  the  large  crater  of  Idjen, 
one  of  the  volcanoes  of  Javi^  whereby  a  hot  steaming  lake  of  acid 
water  was  discharged  with  frightful  destruction  down  the  slopes  of 
the  mountain.  After  the  expbsion  the  basin  filled  again  with  water^ 
but  its  temperature  was  no  longer  high. 

In  many  cases  the  water  rapidly  collects  yolcanio  dust  as  it 
nuthes  down,  and  soon  becomes  a  pasty  mud ;  or  it  issues  at  first  in 
this  condition  from  the  volcanic  reservoirs  after  violent  detonations. 
Hence  arise  what  are  termed  mud-lavas, or  aqueous  lavas,  which  in 
many  respects  behave  like  true  lavas.  This  volcanic  mud  eventually 
consolidates  into  one  of  the  numerous  forms  of  tuff,  a  rock  which,  as 
has  been  already  stated  (p.  161),  varies  greatly  in  the  amount  of  its 
coherence,  in  its  composition,  and  in  its  internal  arrangement 
Obviously,  unless  where  subsequently  altered,  it  can  possess  none  of 
the  crystalline  structure  of  true  lava.  As  a  rule  it  betrays  its 
aqueous  origin  by  more  or  less  distinct  evidence  of  stratification,  by 
the  multifarious  pebbles,  stones,  blocks  of  rock,  tree-trunks,  branches, 
shells,  bones,  skeletons,  &c.,  which  it  has  swept  along  in  its  course  and 
preserved  within  its  mass.  Sections  of  this  compacted  tuff  may  be 
seen  at  Herculaneum.  The  trass  of  the  Brohl  Thai  and  other  valleys  in 
the  Ilifel  district,  referred  to  on  p.  164,  is  another  example  of  an 
indent  volcanic  mud. 

8.  Lava. — ^The  term  lava  is  applied  generally  to  all  the  molten 
rocb  of  volcanoes.^  The  use  of  the  wora  in  this  brOad  sense  is  of 
great  ccmvenience  in  geological  descriptions,  by  directing  attention 
to  the  leading  character  of  the  rocks  as  molten  products  of  volcanic 
iction,  and  obviating  the  confusion  and  errors  which  are  apt  to  arise 
from  an  ill-defined  or  incorrect  litholc^'cal  terminology.  Precise 
definitions  of  the  rocks,  such  as  those  above  given  in  Book  II.,  can 
be  added  when  required.  A  few  remarks  regarding  some  of  the 
general  litholo^ical  characters  of  lavas  may  be  of  service  here ;  the 
behaviour  of  the  rocks  in  their  emission  from  volcanic  orifices  will 
be  described  in  §  2. 

While  still  flowing  or  not  yet  cooled,  lavas  differ  from  each  other 
in  the   extent  to  which  they  are  impregnated  with  gases   and 

'  "  AXiem  !st  Lay»  was  im  VaUcane  flieast  and  daroh  aeine  Fliiasigkeit  neue 
L«geniatter  einnimmt "  ia  Leopold  ?on  Bucli'tf  comprehenaiye  definition. 
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vapouis.  Some  appear  to  be  satoratedy  others  contain  a  much 
smaller  gaseous  impregnation;  and  hence  arise  important  dis- 
tinctions in  their  behaviour  (pp.  21 8,  224).  After  solidihcation  laTas 
present  some  noticeable  characters  then  easily  ascertainable.  (1) 
Their  average  specific  gravity  may  be  taken  as  ranging  between 
2*37  and  3*22.  (2)  The  heavier  varieties  contain  much  ma^etic 
or  titaniferous  iron,  with  angite  and  olivine,  their  composition  oeing 
basic,  and  their  proportion  of  silica  averaging  aboat  45  or  50  per 
cent.  In  this  group  come  the  basalts,  dolerites,  nepheline-lavan, 
and  lencite-lavas.  The  lighter  varieties  contain  commonly  a  minor 
proportion  of  metallic  bases,  but  are  rich  in  silica,  their  percentage 
of  that  acid  ranging  between  60  and  80.  They  are  thus  not 
basic  but  acid  rocks.  Among  their  more  important  species  trachyte, 
rhyolite,  obsidian,  pitchstone,  and  pumice  may  be  enumerated.  Some 
intermediate  varieties  (augite-andesite,  homblende-andesite)  connect 
the  acid  and  basic  series.  (3)  They  differ  much  in  structure  and 
texture,  (a)  Some  are  entirely  crystalline,  consisting  of  nothing 
but  an  interlaced  mass  of  crystals  and  crystalline  particles,  as  in  some 
dolerites,  and  granitoid  liparites.  Even  quartz,  which  used  to  be 
considered  a  non-volcanic  mineral  characteristic  of  the  older  and 
chiefly  of  the  plutonic  eruptive  rocks,  has  been  observed  in  large 
crystals  in  modern  lava  as  in  liparite  and  quartz-andesite.^  (b)  Some 
show  more  or  less  of  a  half-glassy  or  stony  matrix,  in  which  the 
constituent  crystals  are  imbedded ;  this  is  the  most  common  arrange- 
ment, (c)  Others  are  entirely  vitreous,  such  crystals  or  crystalline 
particles  as  occur  in  them  being  quite  subordinate,  and,  so  to  speak, 
accidental  enclosures  in  the  main  glassy  mass.  Obsidian  or  volcanic 
glass  is  the  type  of  this  group,  (d)  They  further  differ  in  the 
extent  to  whicn  minute  pores  or  larger  cellular  spaces  have  been 
developed  in  them.  According  to  Bischof  the  porosity  of  lavas 
depend  on  their  degree  of  liquidity,  a  porous  lava  or  slag,  when  reduced 
in  his  experiments  to  a  thin-flowing  consistency,  hardening  into  a 
mass  as  compact  as  the  densest  lava  or  basalt.^  But  the  presence  of 
interstitial  steam  in  lavas,  by  expanding  the  still  molten  stone, 
produces  an  open  cellular  texture,  somewhat  like  that  of  ill- 
Daked  bread.  Such  a  vesicular  arrangement  very  commonly  appears 
on  the  upper  surface  of  a  lava  current,  which  assumes  a  slaggy 
or  cindery  aspect  (4)  They  vary  greatly  in  colour  and  genem 
external  aspect  The  heavy  basic  lavas  are  usually  dark  grey,  or 
almost  black,  though,  on  exposure  to  the  weather,  they  acquire  a 
brown  tint  from  the  oxidation  and  hydration  of  their  iron.  Their 
surface  is  commonly  rough  and  ragged,  until  it  has  been  sufficiently 
decomposed  by  the  atmosphere  to  crumble  into  excellent  soil  which, 
under  favourable  circumstances,  supports  a  luxuriant  vegetation. 
The  less  dense  lavas,  such  as  phonolites  and  trachytes,  are  frequently 
paler  in  colour,  sometimes  pale  yellow  or  buff,  and  decompose  into 

»  Wolf,  Neue»  Jahrh.  1874,  p.  377. 

•  Cltem,  und  Phyi.  Qecl.  Supp.  (1871),  p.  144. 
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light  aoils ;  bnt  the  obsidians  present  ragged  black  sheets  of  rock 
roughened  with  ridges  and  heaps  of  ^7  froth-like  pumice.  Some  of 
the  most  brilliant  surfaces  of  colour  in  any  rock  scenery  on  the  globe 
are  to  be  found  among  volcanic  rocks.  The  walls  of  active  craters 
dow  with  endless  hues  of  red  and  yellow.  The  Grand  Canon  of  the 
Yellowstone  Biver  has  been  dug  out  of  the  most  marvellously  tinted 
la?as  and  toSs. 

4.  Fragmentary  Materials. — Under  this  title  we  include  all 
the  substances  which,  driven  up  into  the  air  by  volcanic  explosions, 
fall  in  solid  form  to  the  ground — ^the  dust,  ashes,  sand,  cinders,  and 
blocks  of  every  kind  which  are  projected  from  a  volcanic  orifice. 
These  materiab  differ  in  composition,  texture,  and  appearance,  even 
daring  a  single  eruption,  and  still  more  in  successive  explosions  of 
the  same  vokano.  For  the  sake  of  convenience  separate  names  are 
applied  to  some  of  the  more  distinct  varieties,  of  which  the  following 
may  be  enumerated. 

(1)  Ashes  and  Sand. — In  many  eruptions  vast  quantities  of 
an  oxceedinglv  fine  light  ^rey  powder  are  ejected.  As  this  substance 
greatly  resembles  what  is  left  after  a  piece  of  wood  or  coal  is  burnt 
ID  an  open  fire,  it  has  been  popularly  termed  ash^  and  this  name  has 
been  adopted  by  geologists.  If,  however,  by  the  word  ash  the  result 
of  combustion  is  implied,  its  employment  to  denote  any  product  of 
Tolcanic  action  must  be  regretted  as  apt  to  convey  a  wrong  impression. 
The  fine  ash-like  dust  ejected  by  a  volcano  is  merely  lava  in  an 
extremely  fine  state  of  comminution.  So  minute  are  the  particles 
that  they  find  their  way  readily  through  the  finest  chinks  of  a  closed 
room,  and  settle  down  upon  fioor  and  lumiture  as  ordinarv  dust  does 
when  a  house  is  shut  up.  From  this  finest  form  of  material  gradations 
may  be  traced,  through  what  is  termed  volcanic  sand,  into  the  coarser 
▼arieties  of  ejected  matter.  In  composition  the  ash  and  sand  varv 
necessarily  with  the  nature  of  the  lava  from  which  they  are  derived. 
Their  microscopic  structure,  and  especially  their  abundant  microliths, 
crystals,  and  volcanic  glass  have  been  already  referred  to  (p.  162). 

(2)  Lapilli  or  rapilli  are  ejected  fragments  ranging  from  the 
size  of  a  pea  to  that  of  a  walnut,  round,  subangular,  or  angular  in 
shape,  and  having  the  same  indefinite  range  of  composition  as  the 
finer  dust.  As  a  rule,  the  coarse  fragments  fall  neaiW  the  focus  of 
eruption.  Sometimes  they  are  solid  fragments  of  lava,  but  more 
Qsoally  they  have  a  cellular  texture,  while  sometimes  they  are  so 
light  and  porous  as  to  fioat  readily  on  water,  and  when  ejected  near 
the  sea,  to  cover  its  surface.  Well-formed  crystals  occur  in  the  lapilli 
of  many  volcanoes,  and  are  also  ejected  separately.  It  has  been 
obaenrea  indeed  that  the  fragmentary  materials  not  infrequently 
contain  finer  crystals  than  the  accompanying  lava.^ 

(3)  Volcanic  Blocks  are  larger  pieces  of  stone,  often  angular 
in  shape.  In  some  cases  they  appear  to  be  fragments  loosened  from 
Already  solidified  rocks  in  the  cnimney  of  the  volcano.    Hence  we 

^  8.  Ton  Waltenhauaen,  I$land  und  SicUient  1853,  p.  328. 
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fiod  among  them  pieces  of  non-yolcanic  rocks  as  well  as  of  older  tofis 
and  lavas  recognisably  belonging  to  early  emptions.  In  many  cases 
they  are  ejected  in  enormous  quantities  auring  the  earlier  phases  of 
violent  eruption.  The  great  explosion  from  the  side  of  Ararat  in 
1840  was  accompanied  by  the  discharge  of  a  vast  quantity  of 
fragments  over  a  space  of  many  square  miles  around  the  mountaiD. 
Whitney  has  described  the  occurrence  in  California  of  beds  of  snch 
fragmentary  volcanic  breccia  hundreds  of  feet  thick  and  covering 
many  square  miles  of  surface.  Junghohn  in  his  account  of  tlie 
eruption  in  Java  in  1772,  mentions  that  a  valley  ten  miles  long 
was  filled  to  an  average  depth  of  fifty  feet  with  angular  volcanic 
debris.^ 

Among  the  earlier  eruptions  of  a  volcano  fragments  of  the  rocks 
through  which  the  vent  has  been  drilled  may  frequently  be  observed. 
These  are  in  many  cases  not  volcanic.  Blocks  of  schist  and 
granitoid  rocks  occur  in  the  cinder-beds  at  the  base  of  the 
volcanic  series  of  Santorin.  In  the  older  tuffs  of  Somma  pieces 
of  altered  limestone  are  abundant  and  often  contain  cavities 
lined  with  the  characteristic  '^Yesuvian  minerals."  Blocks  of  a 
coarsely  crystalline  granitoid  lava  have  been  particularly  observed 
both  on  Etna  and  Yesuvius.  In  the  year  1870  a  mass  of  that  kind, 
weighing  several  tons,  was  to  be  seen  lying  at  the  foot  of  Yesuvius, 
within  the  entrance  to  the  Atrio  del  Oftvallo.  Similar  blocks  occur 
among  the  Carboniferous  volcanic  pipes  of  central  Scotland,  together 
sometimes  with  fragments  of  sandstone,  shale,  or  lime^ne,  not 
infrequently  full  of  Carboniferous  fossils.^ 

(4)  Yolcanic  Bombs  and  Slags. — These  have  originally 
formed  portions  of  the  column  of  lava  ascending  the  pipe  of  the 
volcano,  and  have  been  detached  and  hurled  into  the  air  by  the 
successive  explosions  of  steam.  A  bomb  (Fig*  34)  is  a  round, 
elliptical,  or  pear-shaped,  often  discoidal  mass  of  lava,  from  a  few 
inches  to  several  feet  m  diameter ;  sometimes  tolerably  solid  through* 
out,  more  usually  coarsely  cellular  inside.  Not  infrequently  its 
interior  is  hollow,  and  the  bomb  then  consists  of  a  shell  which 
is  most  close-grained  towards  the  outside.  There  can  be  no 
doubt  that,  when  torn  by  eructations  of  steam  from  the  surface 
of  the  boiling  lava,  the  material  of  these  bombs  is  in  as  thoroughly 
molten  a  condition  as  the  rest  of  the  mass.  From  the  rotatory 
motion  imparted  by  its  ejection  it  takes  a  circular  form,  and 
in  proporti<Hi'to  its  rapidity  of  rotation  and  fluidity  is  the  amount 
of  its  '^  flattening  at  the  poles.''  The  centrifugal  force  within 
allows  the  expansion  of  the  interstitial  vapour,  while  the  outer 
surface  rapidly  cools  and  solidifies;  hence  the  solid  crust,  and 
the  porous  or  cavernous  interior.  Such  bombs,  varying  from  the 
size  of  an  apple  to  that  of  a  man's  body,  were  found  by  Darwin 
abundantly  strewn  over  the  ground  in  the  Island  of  i^^nsi<m; 

*  Bat  tee  the  remarks  already  made  on  Toloanic  oonglomeratee,  amie,  p.  163. 

*  Tram,  Boy.  Soe,  Edin.  zzziz.  p.  459.    Seepottoo,  Book  lY.  aectioQ  vii  §  1«  4. 
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tliey  were  abo  ejected  in  vast  quantities  daring  the  eruption  of 
Santorin  in  1866.^  Among  the  tuffs  of  the  Eifel  region  small 
bombs,  consisting  mostly  of  granular  olivine,  are  of  common 
occorrence,  as  also  pieces  of  sanidine  or  other  less  fasible  minerals 


Fio.  34. — SscnoH  or  Yoloahio  Boms,  ose^bird  natural  size. 

which  have  segregated  out  of  the  magma  before  ejection.  When 
the  ejected  fragment  of  lava  has  a  rough  irregular  form,  and  a 
porous  stmctore  like  the  clinker  of  an  iron-furnace,  it  is  known  as 
i  slag.* 

The  fragmentary  materials  erupted  by  a  yolcano  and  deposited 
aronnd  it  acquire  by  degrees  more  or  less  consolidation,  partly  from 
the  mere  pressure  of  the  higher  upon  the  lower  strata,  parUy  from  the 
influence  of  infiltrating  water,  it  has  been  already  stated  (p.  161) 
that  different  names  are  applied  to  the  rocks  thus  formed.  The 
coarBe,  tumultuous,  unstratified  accumulation  of  volcanic  debris  within 
a  crater  or  funnel  is  called  Agglomerate.  When  the  debris, 
though  still  coarse  is  more  rounded,  and  is  arranged  in  a  stratified 
form  on  the  slopes  of  the  cone  or  on  the  plain  beyond,  it  becomes  a 
Volcanic  Conglomerate.  The  finer-grained  varieties,  formed 
of  dust  and  lapilli,  are  included  in  the  general  designation  of  Tuffs. 
These  are  usually  pale-yellowish,  CTeyish,  or  brownish,  sometimes 
black  rocks,  g^ranular,  porous,  and  often  incoherent  in  texture. 

Organic  remains  sometimes  occur  in  tuff.  Where  volcanic  debris 
has  accumulated  over  the  floor  of  a  lake,  or  of  the  sea,  the  entombing 
uid  preserving  of  shells  and  other  organic  objects  must  continually 
take  place.  Examples  of  this  kind  are  cited  m  later  pages  of  this 
Tolume  from  older  geological  formations.    Professor  Guiscardi  of 

'  Otohffieid  OfmervaUom  on  Voleania  Idand$,  2iid  edit  p.  42.  Fooqu^,  op.  oU, 
^79. 

*  On  the  ntfto  between  the  pores  and  yolame  of  the  rook  in  slags  and  lavas,  see 
^  ib7BiM^f;aaiii.ttiuiJ^ys.GaoZ.6iipp.(1871),p.  158. 
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Naples  has  found  about  100  species  of  marine  shells  of  living  species 
in  the  old  tu£b  of  YesuTins.  Marine  shells  have  been  picked  up 
within  the  crater  of  Monte  Nuoto^  and  have  been  frequently  obserred 
in  the  old  or  marine  tuff  of  that  district.  Showers  of  ash,  or  sheets 
of  volcanic  mud  often  preserve  land-shells,  insects,  and  vegeiatioii 
living  on  the  area  at  the  time.  The  older  tuffs  of  Yesuvios  hs?e 
yielded  many  remains  of  the  shrubs  and  trees  which  at  sucoesrife 
periods  have  clothed  the  flanks  of  the  mountain.  Fragments  of 
coniferous  wood  which  once  grew  on  the  tuff-cones  of  Carboniferoiis 
age  in  central  Scotland  are  abundant  in  the  *^  necks  "  of  that  region.* 

§  2.    Yolcanio  Action. 

Yolcanic  action  maybe  either  constant  or  periodic.  Stromboli,in 
the  Mediterranean,  so  far  as  we  know,  has  been  uninterrof^ly 
emitting  hot  stones  and  steam,  from  a  basin  of  ipolten  lava,  since  the 
earliest  period  of  history.  Among  the  Moluccas  the  volcano  Slot, 
and  in  the  Friendly  Islands  that  of  Tofua,  have  never  ceased  to  be 
in  eruption  sinc^  their  first  discovery.  The  lofty  cone  of  Sangaj, 
among  the  Andes  of  Quito,  is  always  giving  off  hot  vapours; 
Cotopazi,  too,  is  ever  constantly  active.  But,  though  examples  of 
unceasing  action  may  thus  be  cited  from  widely  different  qoarten  of 
the  glot^,  they  are  nevertheless  exceptional  The  ^;eneral  rale  is 
that  a  volcano  breaks  out  from  time  to  time  with  varying  vigour,  sod 
after  longer  or  shorter  intervals  of  quiescence. 

Active,  Dormant,  and  Extinct  Phases. — ^It  is  usual  to  ckn 
volcanoes  as  (ustive^  dormant^  and  extinct.  This  arrangement,  howoTer, 
often  presents  considerable  difficulty  in  its  application.  An  actire 
volcano  cannot  of  course  be  mistaken,  for  even  when  not  in  eraption 
it  shows  by  its  discharge  of  steam  and  hot  vapours  that  it  might 
break  out  into  activitv  at  any  moment  But  in  manv  cases  it  ii 
impossible  to  decide  whether  a  volcano  should  be  called  extinct  or 
only  dormant  The  volcanoes  of  Silurian  age  in  Wales,  of  Carboni- 
ferous age  in  Ireland,  of  Permian  age  in  the  Harz,  of  Miocene  age 
in  the  Hebrides,  of  younger  Tertiary  age  in  the  western  States  and 
Territories  of  North  America,  are  certainly  all  extinct  But  the 
Miocene  volcanoes  of  Iceland  are  still  represented  there  by  Skapta^ 
JokuU,  Hecla,  and  their  neighbours.  Somma,  in  the  first  century  of 
the  Christian  era,  would  have  been  naturally  regarded  as  an  extioci 
volcano.  Its  fires  had  never  been  known  to  have  been  kindled; 
its  vast  crater  was  a  wilderness  of  wild  vines  and  brushwood, 
haunted,  no  doubt  by  wolf  and  wild  boar.  Yet  in  a  few  dajs, 
in  the  autumn  of  the  year  79,  the  half  of  the  crater  walls  was 
blown  out  bv  a  terrific  series  of  explosions,  the  present  Yesurius  vas 
then  formed  within  the  limits  of  the  earlier  crater,  and  since  that 
time  volcanic  action  has  been  intermittently  exhibited  up  to  the 
present  day.     Some  of  the  intervals  of  quietude,  however,  haye  been 

»  Ttaut,  Roy.  Soe.  Edin,  xxix.  p.  470 ;  potteOf  Book  IV.  teriioii  rii  §  I  4. 
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80  considerable  that  the  mountain  might  then  again  hare  been  claimed 
as  an  extinct  volcano.  Thns,  in  the  131  years  bet\Teen  1500  and 
1631,  80  completely  had  eruptions  ceased  that  the  crater  had  once 
more  become  choked  with  copsewood.  A  few  pools  and  springs  of 
Teiy  salt  and  hot  water  remained  as  memorials  of  the  former  condition 
of  the  monnt€un«  But  this  period  of  qniescence  closed  with  the 
eraption  of  1631, — the  most  powerful  of  all  the  known  explosions  of 
VesuTiiiSy  except  the  great  one  of  79.  In  the  island  of  Ischia,  Mont* 
Epomeo  was  last  in  eruption  in  the  year  1302,  its  previous  outburst 
having  taken  place,  it  is  believed,  about  17  centuries  before  that  date. 
From  the  craters  of  the  Eifel,  Auvergne,  the  Yivarais,  and  central 
Italy,  though  many  of  them  look  as  if  they  had  only  recently  been 
formed,  no  eruption  has  been  known  to  come  during  the  times  of 
human  Ynstoty  or  tradition.  In  the  west  of  North  America,  from 
Ariiona  to  Oregon,  numerous  stupendous  volcanic  cones  occur,  but 
eren  from  the  most  perfect  and  fresh  of  them  nothing  but  ^;eam 
and  hot  vapours  have  yet  been  known  to  proceed.  But  Uie  existence 
theie  of  hot  spring  and  geysers  testifies  to  the  continued  existence 
of  one  phase  of  volcanic  action. 

In  short,  no  real  distinction  can  be  drawn  between  dormant  and 
extinct  volcanoes.  Volcanic  action  is  apt  to  show  itself  again  and 
again,  even  at  vast  intervals  within  the  same  regions  and  over  the 
same  sites.  The  dormant  or  waning  condition  of  a  volcano,  when  only 
Bteam  and  various  gases  and  sublimates  are  given  off,  is  sometimes 
called  the  Solfatara  phase,  from  the  well-known  dormant  crater  of 
that  name  near  Naples. 

Sites  of  Volcanic  Action. — ^Volcanoes  may  break  throngfa  any 
geological  formation.  In  Auvergne,  in  the  Miocene  period,  they 
boist  through  the  granitic  and  gneissose  plateau  of  central  France. 
In  Lower  Old  Bed  Sandstone  times  they  pierced  contorted  Silurian 
rocks  in  central  Scotland.  In  late  Tertiary  and  post-Tertiary  ages  they 
found  their  way  through  recent  soft  marine  strata,  and  formed  the  huge 
pfles  of  Etna  Somma  and  Vesuvius ;  while  in  North  America,  during 
the  same  cycle  of  geolc^ical  time,  they  flooded  with  lava  and  tuff 
many  of  the  river  courses,  valleys,  and  lakes  of  Nevada,  Utah, 
Wyoming,  Idaho  and  adjacent  territories.  On  the  banks  of  the 
Bhine,  at  Bonn  and  elsewhere,  they  have  penetrated  some  of  the 
dder  alluvia  of  that  river.  In  many  instances,  also,  newer  volcanoes 
have  appeared  on  the  sites  of  older  ones.  In  Scotland  the  Carboni- 
ferous volcanoes  have  risen  on  the  ruins  of  those  of  the  Old.  Bed 
Sandstone,  those  of  the  Permian  period  have  broken  out  among  the 
earlier  Carboniferous  eruptions,  while  the  Miocene  lavas  have  oeen 
injected  into  all  these  older  volcanic  masses.  The  newer  jniy$  of 
Auvergne  were  sometimes  erupted  through  much  older  and  already 
greatly  denuded  basalt-streams.  Somma  and  Vesuvius  have  risen 
oat  of  the  great  Neapolitan  plain  of  older  marine  tufl^  while  in  central 
Italy  newer  cones  have  been  thrown  up  upon  the  great  Boman  plain 
of  more  ancient  volcanic  debris.    The  vast  Snake  Kiver  lava-fields  of 
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Idaho  overlie  denuded  masses  of  earlier  trachytic  lavas,  and  similar 
proofe  of  a  long  snccession  of  intermittent  and  widely-separated  yoI- 
canio  outbarsts  can  be  traced  northwards  into  the  Yellowstone  YaUej. 
When  a  volcanic  vent  is  opened  it  might  be  supposed  always  to  find 
its  way  to  the  surface  along  some  line  of  fissure,  valley  or  deep  de- 
pression. No  doubt  many,  if  not  most,  modem  as  well  as  ancteot 
vents,  especially  those  of  large  size,  have  done  so.  It  is  a  coruxii 
facty  however,  that  in  innumerable  instances  minor  vents  haTe 
appeared  where  there  was  no  line  of  dislocation  to  aid  them.  This 
has  been  well  shown  by  a  study  of  the  ancient  volcanic  rocks  c^  the 
Old  Red  Sandstone,  Carboniferous  and  Permian  formations  of  Scot- 
land.^ It  has  likewise  been  most  impressively  demonstrated  l^ 
the  way  in  which  the  minor  basalt  cones  and  craters  of  Utah  have 
broken  out  near  the  edges  or  even  from  the  face  of  clifis  rather  than 
at  the  bottom.    Captain   Dutton   remarks  that  among  the  hic^h 

1)lateaux  of  Utah,  where  there  are  hundreds  of  basaltic  craters,  the 
east  common  place  for  them  is  at  the  base  of  a  cliff,  and  that,  thon^ 
they  occur  near  faults,  it  is  almost  always  on  the  lifted,  rarely  upon 
the  depressed  side.'  On  a  small  scale  a  similar  avoidance  of  the  vaUej 
bottom  is  shown  on  the  Bhine  and  Moselle,  where  eruptions  have  taken 
place  close  to  the  edge  of  the  plateau  through  which  these  riven 
wind.  Why  outbreaks  should  have  occurred  in  this  way  b  a  qneetion 
not  easily  answered.  It  suggests  that  the  existing  depressions  and 
heights  of  the  earth's  surface  may  sometimes  be  insignificant  featnxea, 
compared  with  the  depth  of  the  sources  of  volcanoes  and  the  force 
employed  in  volcanic  eruption. 

Conditiona  of  Eruption. — Leaving  for  the  present  the  general 
question  of  the  cause  of  volcanic  action,  it  may  be  here  remarked 
tnat  the  conditions  determining  anv  particular  eruption  are  still 
unknown.  An  attempt  has  been  made  to  show  that  the  explosions  of 
a  volcano  are  to  some  extent  regulated  by  the  conditions  of  atmoa- 
pheric  pressure  over  the  area  at  the  time.  In  the  case  of  a  volcanio 
tunnel  like  Stromboli,  where,  as  Scrope  pointed  out,  the  expansare 
subterranean  force  within,  and  the  repressive  effect  of  atmoepberie 
pressure  without,  just  balance  each  other,  any  serious  disturbanee  of 
that  pressure  might  be  expected  to  make  itself  evident  by  a  change 
in  the  condition  of  the  volcano.  Accordingly,  it  has  kmg  been 
remarked  by  the  fishermen  of  the  Lipari  Islands  that  in  stormy 
weather  there  is  at  Stromboli  a  more  copious  discharge  of  steam  and 
stones  than  in  fine  weather.  Thej  make  use  of  the  cone  as  a  weather- 
glass, the  increase  of  its  activity  indicating  a  falling,  and  the  diminu- 
tion a  rising  barometer.  In  like  manner,  Etna,  according  to  S.  too 
Waltershausen  is  most  active  in  the  winter  months.  When  we 
remember  the  connexion  now  indubitably  established  between  a  more 
copious  discharge  of  fire-damp  in  mines  and  a  lowering  of  atmospherie 
pressure,  we  may  be  preparea  to  find  a  similar  influence  affecting  the 

»  TVaiw.  Roy.  8oe.  Edin,  xxix.  p.  487. 

*  **  High  PUteanx  of  UUb,"  G0OL  and  Geog,  Smrvty  </  TerrUarim,  ISSO.  p.  6S. 
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CBcape  of  yaponrs  from  the  upper  Burfece  of  the  lava  column  of  a 
TolcaDo;  for  it  is  not  so  much  to  the  lava  itself  as  to  the  expansive 
fapoars  impregnating  it  that  the  manifestations  of  volcanic  activity 
ire  due.  Among  the  Yesuvian  eruptions  since  the  middle  of  the 
17th  century,  the  number  which  took  place  in  winter  and  spring  was 
to  that  of  those  which  broke  out  in  summer  and  autumn  as  7  to  4. 
Bat  there  may  be  other  causes  besides  atmospheric  pressure  concerned 
ia  these  differences;  the  preponderance  of  rain  during  the  winter 
and  spring  may  be  one  of  tnese.  According  to  Mr.  Coan,  previous  to 
the  great  Hawaian  eruption  of  1868  there  had  been  unusually  wet 
weftther,  and  to  this  fact  he  attributes  the  exceptional  severity  of  the 
earthquakes  and  volcanic  explosions.  But  at  most  the  effects  of 
▼arming  atmospheric  pressure  can  only  slightly  modify  volcanic 
activity.  Emptions  liKe  the  great  one  of  Cotopaxi  in  1877  have  in 
iDnmnerable  instances  taken  place  without,  so  far  as  can  be  ascertained, 
anj  reference  to  atmospheric  conditions. 

Elnge  has  soi]^ht  to  trace  a  connexion  between  the  years  of 
maximum  and  minimum  sun-spots  and  those  of  greatest  and  feeblest 
Tolcanic  activity,  and  has  construQted  lists  to  show  that  years  which 
bare  been  specially  characterized  by  terrestrial  eruptions  have 
coincided  witn  those  marked  by  few  sunnspots  and  diminished 
ma^etic  disturbance.^  Such  a  connexion  cannot  be  regarded  as 
havrng  vet  been  satisfactorily  established.  Again,  the  same  author 
has  called  attention  to  the  frequency  and  vigour  of  volcanic 
explosions  at  or  near  the  time  of  the  August  meteoric  shower.  But 
in  this  case,  likewise,  the  cited  examples  can  hardly  yet  be  looked 
opoo  as  more  than  coincidences. 

Occasional  Periodicity  of  Eruptions. — The  case  of  Eilauea,  in 
Hawaii,  seems  to  show  a  regular  svstem  of  eruptive  periods.  Dana 
has  pointed  out  that  outbreaks  of  lava  have  taken  place  from  that 
volcano  at  intervals  of  from  eight  to  nine  years,  this  oeing  the  time 
required  to  fill  the  crater  up  to  the  point  of  outbreak,  or  to  a  depth 
of  400  or  500  feet  But  the  great  eruption  of  1868  did  not  occur 
until  after  an  interval  of  18  years.  The  same  author  suggests  that 
the  missing  eruption  may  have  been  submarine.^ 

Oeneral  sequence  of  Events  in  an  Eruption. — ^The  approach  of 
an  eruption  is  not  always  indicated  by  any  premonitory  symptoms^ 
for  many  tremendous  explosions  are  recorded  to  have  taken  place 
10  different  parts  of  the  world  without  perceptible  warning.  Much 
in  this  respect  would  appear  to  depend  upon  the  condition  of 
liq[iiidity  of  the  lava,  and  the  amount  of  resistance  offered  by  it  to 
toe  passage  of  the  escaping  vapours  through  its  mass.  In  Hawaii, 
where  the  lavas  are  rema&ably  liquid,  vast  out-pourings  of  them 
bare  taken  place  quietly  without  earthquakes  durinor  the  present 
ceotury.  But  even  there  the  great  eruption  of  1868  was  accom- 
panied by  tremendous  earthquakes. 

'  Ueber  SffnehronUmus  und  AniagoniitnWf  p.  72. 
'  On  Uie  periodicity  of  eraptioDS,  Bee  Kluge»  Neue$  Jahrb,  1862,  p.  582. 
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The  eruptions  of  Vesuvius  are  often  preceded  by  failure  or  dimi- 
nution of  wells  and  springs.  But  more  frequent  indications  of  an 
approaching  outburst  are  conveyed  by  sympathetic  movements  of 
the  groun£  Subterranean  rumblings  and  groanings  are  heard; 
slight  tremors  succeed,  increasing  in  freouency  and  violence  till  they 
become  distinct  earthquake  shocks.  Tne  vapours  from  the  crater 
grow  more  abundant  as  the  lava  column  in  the  pipe  or  funnel  of 
the  volcano  ascends,  forced  upward  and  kept  in  perpetual  agita- 
tion by  the  passage  of  elastic  vapours  through  its  mass.  After  a 
long  previous  interval  of  quiescence,  there  may  be  much  solidified 
lava  towards  the  top  of  the  funnel  which  will  restrain  the  ascent  of 
the  still  molten  portion  underneath.  A  vast  pressure  is  thos 
ex^cised  on  the  sides  of  the  cone  which,  if  too  weak  to  resist,  will 
open  in  one  or  more  rents,  and  the  liquid  lava  will  issne  from  the 
outer  slope  of  the  mountain ;  or  the  energies  of  the  volcano  will  be 
directed  towards  clearing  the  obstruction  in  the  chief  throat,  until, 
with  tremendous  explosions,  and  the  rise  of  a  vast  cloud  of  dust  and 
fragments,  the  bottom  and  sides  of  the  crater  are  finally  blown  out, 
and  the  top  of  the  cone  disappears.  The  lava  may  now  escape  from 
the  lowest  pait  of  the  lip  of  the  crater,  while,  at  the  same  time, 
immense  numbers  of  red-hot  bombs,  scoriae,  and  stones  are  shot  up 
into  the  air.  The  lava  at  first  rushes  down  like  one  or  more  rivers  of 
melted  iron,  Imt,  as  it  <X)ol8,  its  rate  of  motion  lessens.  Cloads  of 
steam  rise  from  its  surface,  as  well  as  from  the  central  crater.  Indeed, 
every  successive  paroxysmal  convulsion  of  the  mountain  is  marked, 
even  at  a  distance,  by  the  rise  of  huge  ball-like  wreaths  or  clouds  of 
steam,  mixed  with  dust  and  stones,  forming  a  column  which  towers 
sometimes  a<30uple  of  miles  above  the  summit  of  the  cone.  By  degrees 
these  eructations  diminish  in  frequency  and  intensity.  The  lava 
ceases  to  issue,  the  showers  of  stones  and  dust  decrease,  and  after  a 
time,  which  may  vary  from  hours  to  days  or  months^  even  in  the 
rigime  of  the  same  mountain,  the  volcano  liecomes  once  more  tranqoiL^ 

In  the  investigation  of  the  subject,  the  student  will  natunJly 
devote  attention  specially  to  those  aspects  of  volcamc  action  which 
have  more  particular  geological  interest  from  the  permanent  changes 
with  which  they  are  connected,  or  from  the  way  in  which  they 
enable  us  to  detect  BXid  realize  conditions  of  volcanic  energy  in 
former  periods. 

Fissores. — The  convulsions  which  culminate  in  the  formation  of 
a  volcano  usually  split  open  the  terrestrial  crust  with  a  more  or  less 
nearly  rectilinear  fissure.  In  the  subsequent  progress  of  the  mountain, 
the  ground  at  and  around  the  focus  of  action  is  liable  to  be  acaio 
and  again  rent  open  by  other  fissures.  These  tend  to  diverge  from 
the  focus ;  but  around  the  vent  where  the  rocks  have  been  most  ex- 
posed to  concussion  the  fissures  sometimes  mtersect  each  odierin 
all  directions.    In  the  great  eruption  of  Etna,  in  the  year  1669,  a 

"  A  nmai^ably  good  Mcount  of  the  giwt  omptioo  of  Ootopaxi  in  Jane,  1877,  by 
Dr.  Th.  Wolf  wUl  be  found  in  Neuet  Jahib,  1S78,  fx  113. 
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series  of  six  parallel  fissures  opened  on  the  side  of  the  mountain.  One 
of  these,  witti  a  breadth  of  two  yards,  ran  for  a  distance  of  12  miles, 
in  a  somewhat  winding  course,  to  within  a  mile  of  the  top  of  the  cone. 
Similar  fissures,  but  on  a  smaller  scale,  ha^e  often  been  observed  on 
YesQTius ;  and  they  are  recorded  from  many  other  volcanoes. 

Two  obvious  causes  may  be  assigned  for  the  fissurin^  of  a  volcanic 
coDe: — (I)  the  enormous  expansive  force  of  the  imprisoned  vapours 
acting  upon  the  walls  of  the  funnel  and  convulsing  the  cone  by 
successive  explosions ;  and  ^2)  the  hydrostatic  pressure  of  the  lava- 
column  in  the  funnel,  whicn  may  be  taken  to  be  about  120  lb.  per 
square  inch,  or  nearly  8  tons  on  the  square  foot,  for  each  100  feet  of 
depth.    Both  of  these  causes  may  act  simultaneously. 

Into  the  rents  tims  formed  the  molten  lava  naturally  finds  its  way, 
or  is  forced,  and  it  solidifies  there  like  iron  in  a  mould.  The  clifis  of 
many  an  old  crater  show  how  marvellously  they  have  been  injected 
by  snch  veins  or  dykes  of  lava.  Those  of  Somma,  and  the  Yal  del  Bove 
on  Etna  (Fig.  35),  which  have  long  been  known,  project  now  from  the 


Fio.  35. — View  of  Laya-dyrbs  Val  del  Boys,  Etna  (Abicb>, 


Bofler  tuffs  like  walls  of  masonry.  The  crater  chfls  of  Santorin  also 
present  an  abundant  series  of  d^kes.  Such  wedges  of  solid  rock 
driven  into  the  cone  must  widen  its  dimensions,  for  the  fissures  are 
iK>t  due  to  shrinkage,  although  doubtless  the  loosely  piled  fragn>entary 
materials  in  the  course  of  their  consolidation  develop  lines  of  joint. 
Sometimes  the  lava  has  evidently  risen  in  a  state  of  extreme 
flaidity  and  has  at  once  filled  the  rents  prepared  for  it,  cooling 
rapidly  on  the  outside  as  a  true  volcanic  glass,  out  assuming  a  dis^ 
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tinctly  crystalline  stracture  inside  (antey  p.  105).  Dykes  of  this  kind 
with  a  yitreoos  crost  on  their  sides  may  be  seen  on  the  crater-wall  of 
Somma  and  not  uncommonly  among  basalt  dykes  in  Iceland  and 
Scotland.  In  other  cases  the  laya  had  probably  already  acquired  a 
lithoid  character  while  still  rising  in  the  fissure,  and  in  this  condition 
was  able  to  push  aside  and  eyen  contort  the  strata  of  tuff  through 


Pio.  87. — Seotion  of  Dykes  of 
Lata  tratebsing  the  bedded 
Tuffs  of  ▲  Yoloanio  Cone. 


Fio.  36.— Dm  oomtobtino  beds  of  Tuff.    Gbateb  of  Vesutiub  (Abich). 

which  it  made  its  way  (Fig.  36).    There  can  be  little  doubt  that  in 

the  architecture  of  a  yolcano  dykes  must 
act  the  part  of  huge  beams  and  giirders 
(^Fig.  37),  binding  the  loose  tuffs  and 
intercalated  layas  together  and  strengthen- 
ing the  cone  against  the  effects  of  subse- 
quent convulsion<>. 

From  this  point  of  yiew  an  explana- 
tion suggests  itself  of  the  observed  alter- 
nations in  the  character  of  a  yolcano's  erop- 
tions.  These  alternations  may  depend  in  great  measure  upon  the 
relation  between  the  height  of  the  cone  on  the  one  hand  and  the 
strength  of  its  sides  on  the  other.  When  the  sides  haye  been  well 
braced  together  by  interlacing  dykes,  and  further  thickened  by  the 
spread  of  yolcanic  materials  cdl  over  their  slopes,  they  may  resist  the 
effects  of  explosion  and  of  the  pressure  of  the  ascending  laya  colamn. 
In  this  case  the  yolcano  may  find  relief  only  from  its  sununit,  and 
if  the  lava  flows  forth,  it  will  do  so  from  the  top  of  the  cona  As  the 
cone  increases  in  elevation,  however,  the  pressure  from  within  npon 
its  sides  augments.  Eventually  egress  is  once  more  established  on 
the  fianks  by  means  of  fissures,  and  a  new  series  of  laya-streams 
is  poured  out  over  the  lower  slopes. 

Though  lava  yery  commonly  issues  from  the  lateral  fissures  on  a 
yolcanic  cone,  it  may  sometimes  approach  the  surface  in  them  with- 
out actually  flowing  out.  The  great  fissure  on  Etna  in  1669,  for 
example,  was  visible  eyen  from  a  distance  by  the  long  line  of  vivid 
light  which  rose  from  the  incandescent  lava  withm.  Again,  it 
frequently  happens  that  minor  yolcanic  cones  are  thrown  up  on  the 
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lineof  a  fissare,  either  from  the  congelation  of  the  lava  round  the 
point  of  emission,  or  from  the  accumulation  of  ejected  scoriae  round 
the  fissQie-Tent. 

Ezplosions. — ^Apart  from  the  appearance  of  visible  fissures, 
volcanic  energj  may  be,  as  it  were,  concentrated  on  a  given  point, 
which  will  usually  be  the  weakest  in  the  structure  of  that  part  of  the 
terrestrial  crust,  and  from  which  the  solid  rock,  shattered  into  pieces,  is 
hurled  into  the  air,  followed  by  the  ascent  of  volcanic  materials. 
This  operation  has  often  been  observed  in  volcanoes  already  formed, 
and  has  even  been  witnessed  on  ground  previously  unoccupied  by  a 
volcanic  vent.  The  history  of  the  cone  of  Vesuvius  brings  before  us 
a  long  series  of  such  explosions,  beginning  with  that  of  79 — and 
coming  down  to  the  present  day.  Even  now,  in  spite  of  all  the  lava 
and  auies  poured  out  during  the  last  eighteen  centuries,  it  is  easy  to 
866  how  stupendous  must  have  been  that  earliest  explosion,  by  which 
the  southern  half  of  the  ancient  crater  was  blown  out.  At  every 
snooessive  important  eruption,  a  similar  but  minor  operation  takes 
place  within  the  present  cone.    The  hardened  cake  of  lava  forming 


Fig.  38.^Vibw  op  Vesuvius  fbom  the  South, 
Showing  the  remainiDg  part  of  the  old  ciater-waU  of  Somma  beliind. 

the  floor  is  burst  open,  and  with  it  there  usually  disappears  much  of 
the  upper  part  of  tne  cone,  and  sometimes,  as  in  1872,  a  large  segment 
of  the  crater-walL  The  islands  of  Santorin  (Figs.  58  and  59)  bring 
before  us  evidence  of  a  prehistoric  catastrophe  of  a  similar  nature,  by 
which  a  large  volcanic  cone  was  blown  up.  The  existing  outer  islands 
aie  a  chain  of  fragments  of  the  periphery  of  the  cone,  the  centre  of 
which  is  now  occupied  by  the  sea.  In  the  year  1538  a  new  volcano^ 
Monte  Nnovo,  was  formed  in  24  hours  on  the  margin  of  the  Bay  of 
Naples.  An  opening  was  drilled  by  successive  explosions,  and  such 
quantities  of  stones,  scorise,  and  ashes  were  thrown  out  from  it  as  to 
form  a  hill  that  rose  440  English  feet  above  the  sea-level,  and  was 
niore  than  a  mile  and  a  half  in  circumference.  Most  of  the  fragments 
now  to  be  seen  on  the  slopes  of  this  cone  and  inside  its  beautifully 
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perfect  crater  are  of  various  volcanic  rocks,  many  oS  them  being 
black  scorie;  bat  pieces  of  Roman  pottery,  together  with  fragments 
of  the  older  underlying  tuff,  and  some  marine  shells,  have  been 
obtained — doubtless  part  of  the  soil  and  subsoil  dislocated  and 
ejected  during  the  explosions. 

It  is  not  necessary,  and  it  does  not  always  happen,  that  any 
actual  solid  or  liquid  volcanic  rock  is  erupted  by  explosions  that 
shatter  the  rocks  through  which  the  funnel  rasses.  Thus  among 
the  cones  of  the  extinct  volcanic  tract  of  the  Eifel,  some  occur  con- 
sisting  entirely,  or  nearly  so,  of  comminuted  debris  of  the  surrounding 
Devonian  grey wacke  and  slate  through  which  the  various  volcanio 
vents  have  been  opened  (see  pp.  206, 243).  Evidently  in  such  cases 
only  elastic  vapours  forced  their  way  to  the  surface ;  and  we  see  what 
probably  often  takes  place  in  the  early  stages  of  a  volcano's  history, 
though  the  fragments  of  the  underlying  disrupted  rocks  are  in  most 
instances  buried  and  lost  under  tlie  far  more  abundant  subsequent 
volcanic  materials.  Sections  of  small  ancient  volcanic  necks  or  pipes 
sometimes  afford  an  excellent  opportunity  of  observing  that  these 
orifices  were  ori^nalljr  opened  by  the  blowing  out  of  the  solid  crust 
and  not  by  the  tormation  of  fissures.    Exammes  will  be  cited  in  later 

!>ages  from  Scottish  volcanic  rocks  of  Old  Ked  Sandstone,  Carboni- 
erous,  and  Permian  age.  The  orifices  are  there  filled  with  frag- 
mentary materials  wherein  portions  of  the  surrounding  and  underlying 
rocks  form  a  noticeable  proportion.^ 

Showers  of  Dust  and  Stones. — A  communication  having  been 
opened,  either  by  fissuring  or  explosion,  between  the  heated  interior 
jand  the  surface,  fragmentary  materials  are  commonly  ejected  from  it^ 
consisting  at  first  mainly  of  the  rocks  through  which  the  orifice  has 
been  opened,  afterwards  of  volcanic  substances.  In  a  great  eruption 
vast  numbers  of  red-hot  stones  are  shot  up  into  the  air,  and  fall  o«ck 
partly  into  the  crater  and  partly  on  the  outer  slopes  of  the  cone. 
According  to  Sir  W.  Hamilton,  cinders  were  thrown  by  Vesuvius, 
during  the  eruption  of  1779,  to  a  height  of  10,000  feet^  Instances  are 
known  where  lar^e  stones,  ejected  obliquely,  have  described  huge 
parabolic  curves  m  the  air,  and  fallen  at  a  great  distance.  Stones 
S  lb.  in  weight  occur  among  the  ashes  which  buried  Pompeii.  The 
volcano  of  Antuco  in  Chili  is  said  to  send  stones  flying  to  a  distance 
of  36  (?)  miles,  and  Ck>topaxi  is  reported  to  have  hurled  a  200-ton 
block  9  mile^.* 

But  in  many  great  eruptions,  besides  a  constant  shower  of  stones 
and  scorisB,  a  vast  column  of  exceedingly  fine  dust  rises  out  of  the 
crater,  sometimes  to  a  height  of  more  than  a  mile,  and  then  spreads 
outwards  like  a  sheet  of  cloud.  So  dense  sometimes  is  this  dust^doud 
that  the  sun  may  be  obscured,  and  for  days  together  the  darkness  of 
night  may  reign  for  miles  around  the  volcano.  In  1822,  at  Yesavios, 
the  ashes  not  only  fell  thickly  on  the  villages  round  the  base  of  the 

•  Trans.  Boy.  Soc  Edin.  xxix.  p.  458. 
'  D.  Fortee,  Geol,  Mag.  yii  p.  920. 
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mountain,  bat  travelled  as  far  as  Ascoli,  which  is  56  Italian  miles 
distant  from  the  Tolcano  on  one  side,  and  as  Casano,  105  miles  on  the 
other.  The  eruption  of  Cotopaxi,  on  June  26th,  1877,  began  by 
an  explosien  that  sent  a|>  a  column  of  fine  ashes  to  a  prrai^ous 
height  into  the  air,  where  it  rapidly  spread  out  and  formed  so  aense 
a  canopy  as  to  throw  the  region  below  it  into  total  darkness.  So 
qnicklydid  it  diffuse  itself,  that  in  an  hour  and  a  half  a  previously 
bright  morning  became  at  Quito,  33  miles  distant,  a  dim  twilight, 
which  in  the  afternoon  passed  into  such  darkness  that  the  hand  placed 
before  the  eye  could  not  be  seen.  At  Guayaquil,  on  the  coast,  150 
miles  distant,  the  shower  of  ashes  continued  till  the  1st  of  July.  Dr. 
Wolf  collected  the  ashes  daily,  and  estimated  that  at  that  place  there 
fell  315  kilogrammes  on  every  square  kilometre  during  the  first 
thirty  hours,  and  on  the  30th  of  June,  209  kilogrammes  in  12  hours.^ 
Probably  the  most  stupendous  outpouring  of  volcanic  ashes  on  record 
was  that  which  took  place,  after  a  quiescence  of  26  years,  from  the 
rdcano  Cose^uina,  in  Nicaragua,  during  the  early  part  of  the  year 
1835.  On  tbat  occasion  utter  darkness  prevailed  over  a  circle  of  35 
miles  radios,  the  ashes  falling  so  thickly  that,  even  8  leagues  from 
the  mountain,  they  covered  the  ground  to  a  depth  of  about  10  feet. 
It  was  estimated  that  the  rain  of  dust  and  sand  fell  over  an  area  at 
least  270  geographical  miles  in  diameter.  Some  of  the  finer 
malerialB,  tl&own  so  high  as  to  come  within  the  influence  of  an  upper 
ann^rrent,  were  borne  away  eastward,  and  fell,  four  days  afterwards,  at 
Kingston,  in  Jamaica — a  distance  of  700  miles.  During  the  great 
eruption  of  Sumbawa,  in  1815,  the  dust  and  stones  fell  over  an  area 
of  nearly  one  million  of  square  miles,  and  were  estimated  by  Zollinger 
to  amoont  to  fully  fifty  cubic  miles  of  material,  and  by  Junghuhn  to 
beeqpal  to  one  hundred  and  eighty-five  mountains  like  Vesuvius. 

in  inquiry  into  the  origin  of  these  showers  of  fragmentary 
materials  brings  vividiv  before  us  some  of  the  essential  features  of 
folcanic  action.  We  find  that  bombs,  slags,  and  lapilli  may  be  thrown 
op  in  comparatively  tranauil  states  of  a  volcano,  but  that  the  showers 
of  fine  dust  are  dischargea  with  viplence,  and  only  appear  when  the 
volcano  becomes  more  energetic.  Thus,  at  the  constantly,  but 
quietly,  active  volcano  of  Stromboli,  the  column  of  lava  in  the  pipe 
may  he  watdied  risinj^and  Mling  with  a  slow  rhythmical  movement. 
At  every  rise  the  sur£ice  of  the  lava  swells  up  into  blisters  several 
feet  in  diameter,  which  by-and-by  burst  with  a  sharp  explosion  tJiat 
makes  the  walls  of  the  crater  vibrate.  A  cloud  of  steam  rushes  out, 
carrying  with  it  hundreds  of  fragments  of  the  glowing  lava,  sometimes 
to  a  height  of  1200  feet  It  is  by  the  ascent  of  steam  through  its 
maas  that  a  column  of  lava  is  kept  boiling  at  the  bottom  of  the  crater, 
and  by  the  explosion  of  successive  larger  bubbles  of  steam  that  the 
various  bombs,  slags,  and  fragments  of  lava  are  torn  off  and  tossed 
into  the  air.  It  has  often  been  noticed  at  Vesuvius  that  each  great 
eoocussion  is  accompanied  by  a  huge  ball-like  cloud  of  steam  which 

»  Nenei  Jahrb.  187S,  p.  141. 
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rushes  up  from  the  crater.    Doubtless  it  is  the  sudden  escape  of  that 
steam  which  causes  the  explosion. 

The  varying  degree  of  liquidity  or  viscosity  of  the  lava  probably 
modifies  the  force  of  explosions,  owing  to  the  different  degrees  of  re- 
sistance offered  to  the  upward  passage  of  the  absorbed  gases  and 
vapours.  Thus  explosions  and  aocompanying  scorisB  are  abundant  at 
Vesuvius,  where  the  lavas  are  comparatively  viscid ;  they  are  almost 
unknown  at  Eilauea,  where  the  lava  is  remarkably  liquid. 

In  tranquil  conditions  of  a  volcano  the  steam,  whether  collectiog 
into  larger  or  smaller  vesicles,  works  its  way  upward  through  the 
substance  of  the  molten  lava,  and  as  the  elasticity  of  this  compreased 
vapour  overcomes  the  pressure  of  the  overlying  lava,  it  escapes  at  the 
Burfeyoe,  and  there  the  lava  is  thus  kept  in  ebullition*  But  this 
comparatively  quiet  operation,  which  may  be  watched  within  the 
craters  of  man^  active  volcanoes,  does  not  produce  clouds  of  fine 
dust  The  collision  or  friction  of  millions  of  stones  ascending  and 
descending  in  the  dark  column  above  the  crater,  though  it  most 
doubtless  cause  much  dust  and  sand,  can  give  rise  to  but  an  in- 
significant proportion  of  what  is  actually  reduced  to  the  condition  of 
extreme  subdivision  necessary  to  produce  vndespread  darkness  and  a 
thick  far-reaching  deposit  of  ashes.  The  explanation  now  accepted 
calls  in  the  explosive  action  of  steam  as  the  immediate  cause  of  the 
trituration.  The  aqueous  vapour  by  which  many  lavas  are  so  lai^gely 
impregnated  must  exist  interstitiaUy  far  down  in  the  lava-colmnn, 
unaer  an  enormous  pressure,  and  at  a  white  heat^  The  sadden 
ascent  of  lava  so  constituted  will  relieve  the  pressure  rapidly  without 
sensibly  affecting  the  temperature  of  the  mass.  Consequently  the 
white-hot  steam  will  at  length  explode,  and  reduce  the  molten  mass 
containing  it  to  the  finest  powder,  like  water  shot  out  of  a  gun. 

Evidently  no  part  of  the  operations  of  a  volcano  has  greater 
geological  significance  than  the  ejection  of  such  enormous  quantities 
of  frt^gmentary  matter.  In  the  first  place,  the  fall  of  these  loose 
materials  round  the  orifice  of  discharge  is  one  main  cause  of  the 
growth  of  the  volcanic  cone.  Thejieavier  fra^ents  gather  around 
the  vent,  and  there  too  the  thickest  accumulation  of  finer  dust  takes 
place.  Hence,  though  successive  explosions  may  blow  out  the  upper 
part  of  the  crater-walls,  and  prevent  the  mountain  from  growing  so 
rapidly  in  height,  every  eruption  must  increase  the  diameter  of  the 
cone.  In  the  second  place,  as  every  shower  of  dust  and  sand  adds 
to  the  height  of  the  ground  on  which  it  fialls,  thick  volcanic  aocumo- 
latioDs  may  be  formed  far  beyond  the  base  of  the  mountain.  The 
volcano  of  Sangay,  in  Ecuador,  for  instance,  has  buried  the  country 
around  it  to  a  depth  of  4000  feet  under  its  ashes.^  In  such  looee 
deposits  are  entombed  trees  and  other  kinds  of  vegetation,  together 
with  the  bodies  of  animals,  as  well  as  the  works  ^  man.  In  some 
cases  where  the  layer  of  volcanic  dust  is  thin,  it  may  merely  add  to 
the  height  of  the  soil  without  sensibly  interfering  with  the  vegeta* 
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tioD.  But  it  has  been  observed  at  Santorin  that  though  this  is  true 
in  dry  weather,  the  fall  of  rain  with  the  dust  at  ouce  acts  detri- 
mentally, (hi  the  3rd  of  Jane,  1866,  the  yines  were  there  withered 
np  as  if  they  had  been  burnt  along  the  track  of  the  smoke  cloud.^ 
By  the  gradual  accumulation  of  yolcanio  ashes  new  geological 
bm$tionB  arise  which,  in  their  component  materials,  not  only  bear 
witness  to  the  volcanic  eruptions  wnich  produced  Ihem,  but  pre- 
serve a  record  of  the  land-surfaces  over  which  they  spread.  In 
the  third  place,  besides  the  distance  to  which  the  migments  may 
be  hurled  oy  volcanic  explosions,  or  to  which  they  may  be  diffused 
bjr  the  ordinary  aerial  movements,  we  have  to  take  into  account  the 
fast  spaces  across  which  the  finer  dust  is  sometimes  borne  by  upper 
air-currents.  In  the  instance  already  cited  ashes  from  Cosegmna 
fell  700  miles  away,  having  been  carried  all  that  long  distance  by  a 
bigh  counter-current  of  air,  moving  apparently  at  the  rate  of  about 
7  miles  an  hour  in  an  opposite  direction  to  that  of  the  wind  which 
blew  at  the  surfiEU^  By  the  Sumbawa  eruption,  also  referred  to 
above,  the  sea  west  of  Sumatra  was  covered  with  a  layer  of  ashes  two 
feet  thick.  On  several  occasions  ashes  from  one  of  the  Icelandic 
Tolcauoes  have  fiedlen  so  thickly  between  the  Orkney  and  Shetland 
Islands,  that  vessels  passing  there  have  had  the  unwonted  deposit 
sboTelled  off  their  decks  in  tne  morning.  In  the  year  1783,  during  an 
eruption  of  Skaptar-JokuU,  so  vast  an  amount  of  fine  dust  was 
ejected  that  the  atmosphere  over  Iceland  continued  loaded  with  it 
for  months  afterwards.  It  fell  in  such  quantity  over  parts  of 
Gaithness — a  distance  of  600  miles — as  to  destroy  the  crops ;  that 
Year  is  still  spoken  of  by  the  inhabitants  as  the  year  of  **  the  ashie." 
Traces  of  the  same  deposit  have  been  observed  in  Norway,  and  even 
as  far  as  Holland.  Hence  it  is  evident  that  volcanic  accumulations 
majr  take  place  in  re^ons  many  hundreds  of  miles  distant  from  any 
active  volcano.  A  smgle  thin  layer  of  volcanic  detritus  in  a  group 
of  sedimentary  strata  would  thus  not  of  itself  prove  the  existence  of 
contemporaneous  volcanic  action  in  its  neighbourhood.  Unsup- 
ported oy  other  proof  of  adjacent  volcanic  activity,  it  might  be  held 
to  have  been  wind-borne  from  a  volcano  in  a  distant  region. 

Lava  Streams. — At  its  exit  from  the  side  of  a  volcano,  lava 
glows  with  a  white  heat,  and  flows  with  a  motion  which  has  been 
compared  to  that  of  honey  or  of  melted  iron.  It  soon  becomes  red, 
ani,  like  a  coal  fallen  from  a  hot  fireplace,  rapidly  grows  dull  as  it 
moves  along,  until  it  assumes  a  black,  cindery  aspect.  At  the  same 
time  the  surface  congeals,  and  soon  becomes  solia  enough  to  support 
a  heeLTy  block  of  stone.  The  aspect  of  the  stream  varies  with  the 
composition  and  fluidity  of  the  lava,  form  of  the  ground,  angle  of 
slope,  and  rapidity  of  flow.  Viscous  lavas,  like  those  of  Vesuvius, 
break  upon  the  surface  into  rou^h  brown  or  black  cinder-like  slags, 
and  irr^ular  ragged  cakes,  which,  with  the  onward  motion,  ^nd 
and  grate  against  each  other  with  a  harsh  metallio  sound,  sometimes 
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rigiiig  into  rugged  mounds  or  getting  seamed  with  rents  and  gashes, 
at  the  bottom  of  which  the  red-hot  glowing  lava  may  be  Been 
(Fig.  39).  In  lavas  possessing  somewhat  greater  fluidity,  the  sorfaoe 
presents  froth-like,  enrying  lines,  as  in  the  scum  of  a  slowly  flowing 
river,  or  is  arranged  in  cnrions  ropy  folds,  as  the  layers  haye  soc- 
cessiyely  flowed  over  each  other  and  congealed.  These,  and  many 
other  fantastic  coiled  shapes  were  exhibited  by  the  YesuYian  la?a  of 
1858.  Basalts  possessing  extreme  liquidity  have  flowed  for  great 
distances  with  singularly  smooth  surbces.  A  large  area  which  has 
been  flooded  with  lava  is  perhaps  the  most  hideous  and  appalling 


Fig.  39. — View  of  portion  of  a  Lata-stream  on  Vesuvits  (Abich). 

scene  of  desolation  anywhere  to  be  found  on  the  surface  of  the 
globe. 

A  lava  stream  usually  spreads  out  as  it  descends  from  its  point 
of  escape,  and  moves  more  slowly.  Its  sides  look  like  huge  embank- 
ments, or  like  some  of  the  long  mounds  of  "clinkers"  in  a  great 
manufacturing  district.  The  advancing  end  is  often  much  steeper, 
creeping  onward  like  a  great  wall  or  rampart,  down  the  face  of 
which  the  rough  blocks  of  hardened  lava  are  ever  rattling  (Fig.  40). 

Outflow  of  Lava. — This  appears  to  be  immediately  due  to  the 
expansion  of  the  absorbed  vapours  and  gases  in  the  molten  rock. 
Though  these  vapours  may  reach  the  surface  and  even  produce  tre- 
mendous explosions  without  an  actual  outcome  of  lava,  yet  so 
intimately  are  vapours  and  lava  commingled  in  the  subterranean 
reservoirs,  that  they  commonly  rise  together,  and  the  explosions  of 
the  one  lead  to  the  outflow  of  the  other.    The  first  point  at  which 
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the  lava  makes  its  appearance  at  the  sarface  will  largely  depend 
upon  the  strnctare  of  the  ground.  Two  causes  hare  b^n  assigned 
on  a  foregoing  page  (p.  213)  for  the  Assuring  of  a  volcanic  cone. 
Ab  the  molten  mass  nses  within  the  chimney  of  the  yolcano,  con- 
tinned  explosions  of  vapour  take  place  from  its  upper  surface.  The 
yiolence  of  these  may  be  inferred  from  the  vast  clouds  of  steam. 


flo.  40. — ^ylew  of  uoubes  8urb0undbd  altd  pabtlt  demolished  bt  the 
Lava  op  Vesuvius,  1872. 

ashegyand  stones  hurled  to  so  great  a  height  into  the  air,  and  from 
the  concussions  of  the  ground  which  may  be  felt  at  distances  of  more 
than  100  miles  from  the  volcano.  It  need  not  be  a  matter  of  sur- 
prise, therefore,  that  the  sides  of  a  great  vent  exposed  to  shocks  of 
such  intensity  should  at  last  give  way,  and  that  large  divergent 
fesnres  should  be  opened  down  the  cone.  Again,  the  hydrostatic 
presBure  of  the  column  of  lava  must,  at  a  depth  of  1000  feet  below 
the  top  of  the  column,  exert  a  pressure  of  between  70  and  80  tons  on 
each  square  foot  of  the  surrounding  walls.  We  may  well  believe 
that  such  a  force,  acting  upon  the  walls  of  a  funnel  already  shattered 
by  a  succession  of  terrific  explosions,  will  be  apt  to  prove  too  great 
for  their  resistance.  When  this  happens,  the  lava  pours  forth  from 
the  outside  of  the  cone.  On  a  mucn  fissured  coue  lava  may  issue 
freely  from  many  points  so  that  a  volcano  so  aflTected  has  been 
giapnically  described  as  "  sweating  fire." 

In  a  lofty  volcano  lava  occasionally  rises  to  the  lip  of  the  crater 
wd  flows  out  there ;  but  more  frequently  it  escapes  from  some  fissure 
or  orifice  in  a  weak  part  of  the  cone.  In  minor  volcanoes,  on  the 
oflier  hand,  where  the  explosions  are  less  violent,  and  where  the 
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thickness  of  the  cone  in  proportion  to  the  diameter  of  the  funnel  is 
often  greater,  the  lava  very  commonly  rises  into  the  crater.  Should 
the  crater  walls  be  too  weak  to  resist  the  pressure  of  the  molten  mass 
they  give  wav,  and  the  lava  rushes  out  from  the  breach.  This  is 
seen  to  have  happened  in  several  of  the  puys  of  Auvergne,  so  well 
figured  and  described  by  Scrope  (Fig.  41).  But  if  the  crater  be 
massive  enough  to  withstand  the  pressure,  the  lava,  if  still  impelled 
upward  by  the  struggling  vapour,  will  at  last  flow  out  from  the 
lowest  part  of  the  rim. 

As  soon  as  the  molten  rock  reaches  the  surface  the  superheated 
water  or  steam  imprisoned  within  its  mass  escapes  copiously,  and 
hangs  as  a  dense  white  cloud  over  the  moving  current  The 
lava  streams  of  Vesuvius  sometimes  appear  with  as  large  and  dense 
a  steam  cloud  at  their  lower  ends  as  that  which  escapee  at  the 
same  time  from  the  main  crater.    Even  after  the  molten  mass  has 


Fio.  41.— View  op  one  of  the  Tutf  Coneb  of  Auteeone,  broken  dowv  oh 
ONE  Side  bt  the  Eboapb  of  a  Stream  of  Lava.    (After  Sobofe. 

flowed  several  miles,  steam  continues  to  rise  abundantly  both  from 
its  end  and  from  numerous  points  along  its  surface,  and  continues  to 
do  so  for  many  weeks,  months,  or  it  may  be  for  several  years. 

Should  the  point  of  escape  of  a  lava  stream  lie  well  down  on  the 
cone,  far  below  the  summit  of  the  lava-column  in  the  funnel,  the 
molten  rock,  on  its  first  escape,  driven  by  hydrostatic  pressure,  willr 
sometimes  spout  up  high  into  the  air — ^a  fountain  of  molten  rock. 
This  was  observed  m  1794  on  Vesuvius,  and  in  1832  on  Etna.  In  the 
eruption  of  1852  at  Mauna  Loa,  an  unbroken  fountain  of  lava,  from 
200  to  700  feet  in  height  and  1000  feet  broad,  burst  out  at  the  base 
of  the  cone.  Similar  '*  geysers  "  of  molten  rock  have  subseauently 
been  noticed  in  the  same  region.  Thus,  in  March  and  Apru  1868, 
four  fiery  fountains,  throwing  lava  to  heights  varying  from  500  to 
1000  feet,  continued  to  play  for  several  weeks.  According  to  Mr.  Coan, 
such  outbursts  take  place  from  the  bottom  of  a  colunm  of  lava  8000 
feet  high.  The  volcano  of  Mauna  Loa  strikingly  illustrates  another 
feature  of  volcanic  dynamics  in  the  position  and  outflow  of  lava.    It 
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bean  npon  its  flanks  at  a  distance  of  20  miles,  but  10,000  feet  lower, 
the  hnge  crater  Eilanea.  As  Dana  has  pointed  out,  these  orifices 
form  part  of  one  mountain,  yet  the  column  of  lava  stands  10,000 
feet  higher  in  one  conduit  than  in  the  other.  On  a  far  smaller  scale 
the  same  independence  occurs  among  the  several  pipes  of  some  of  the 
geysers  in  the  Yellowstone  region  of  North  America. 

From  the  wide  extent  of  basalt-dykes,  such  as  those  of  Britain 
which  rise  to  the  surface  at  a  distance  of  200  miles  from  the  main 
Tolcanic  outbursts  of  their  time,  and  cover  an  area  of  perhaps  100,000 
flqnare  miles,  it  is  evident  that  molten  lava  may  sometimes  occupy  a 
far  greater  area  within  the  crust  than  might  be  inferred  from  the 
dimensions  and  outpourings  even  of  the  largest  volcanic  cone.  There 
can  be  no  doubt  that  vast  reservoirs  of  melted  rock  imprecated  with 
fonerheated  vapours  must  formerly  have  existed,  if  they  do  not  exist 
ttul  beneath  extensive  tracts  of  country  (p.  256).  Tet  even  in  these 
more  stupendous  manifestations  of  volcanism  the  lava  should  be 
regarded  rather  as  the  sign  than  as  the  cause  of  volcanic  action.  It 
is  the  pressure  of  the  imprisoned  vapour  and  its  struggles  to  get 
free  which  produce  the  subterranean  earthquakes,  explosions,  and  out- 
poaring  of  lava.  As  soon  as  the  vapour  finds  relief,  the  terrestrial 
commotion  calms  down  a^ain,  until  another  accumulation  of  vapour 
demands  a  repetition  of  the  same  phenomena. 

Bate  of  flow  of  Lava. — ^The  rate  of  movement  is  regulated  by 
the  fluidity  of  the  lava,  by  its  volume,  and  by  the  form  and  inclina- 
tion of  the  ground.  Hence,  as  a  rule,  a  lavanstream  moves  faster  at 
first  than  afterwards,  because  it  has  not  had  time  to  stifien,  and  its 
dope  of  descent  is  usually  steeper  than  further  down  the  mountain. 
One  of  the  most  fluid  ana  swiftly  flowing  lava-streams  ever  observed 
on  Vesuvius  was  that  erupted  on  12th  August,  1805.  It  is  said  to 
have  rush^  down  a  space  of  3  Italian  (3§  English)  miles  in  the  first 
four  minutes,  but  to  have  widened  out  and  moved  more  slowly  as  it 
descended,  yet  filially  to  have  reached  Torre  del  Greco  in  three 
hours.  A  lava  erupted  by  Mauna  Loa  in  1852  went  as  fast  as  an 
ordinary  sta^e-coach,  or  fifteen  miles  in  two  hours.  Long  after  a 
current  has  been  deeply  crusted  over  with  slags  and  rough  slabs  of 
lava,  it  continues  to  creep  slowly  forward  for  weeks  or  even  months. 

It  happens  sometimes  that,  as  the  lava  moves  along,  the  still 
molten  mass  inside  bursts  through  the  outer  hardened  and  deeply 
seamed  crust,  and  rushes  out  with,  at  first,  a  motion  much  more 
rapid  than  that  of  the  main  stream.  Any  sudden  change  in  the 
form  or  slope  of  the  ground  affects  the  flow  of  the  lava.  Thus, 
reaching  the  edge  of  a  steep  defile  or  cliff,  the  molten  rock  pours 
over  in  a  cataract  of  glowing  molten  rock,  with  clouds  of  steam, 
showers  of  fragments,  and  a  noise  utterly  indescribable.  Or  on  the 
other  hand,  encountering  a  ridge  or  hill  across  its  path,  it  accumu- 
lates until  it  either  finds  egress  round  the  side  or  actuaJly  overrides 
and  entombs  the  obstacle.  The  hardened  crust  or  shell  within  which 
the  ftill  fluid  lava  moves  serves  to  keep  the  mass  from  spreading. 
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Here  and  there  inside  this  crust  the  lava  subsides^  leaving  cayerDons 
spaces  and  tunnels  into  which,  when  the  whole  is  cold,  one  may 
creep,  and  which  are  sometimes  festooned  and  hung  with  stalactites 
of  laya. 

Size  of  lava-streams. — In  some  cases  lava  escaping  from 
craters  or  fissures  comes  to  rest  before  leaching  the  base  of  the  slopes, 
like  the  obsidian  current  which  has  congealed  on  the  side  of  the  litUe 
volcanic  island  of  Volcano.  In  other  instances  the  molten  rock  not  only 
reaches  the  plains  but  flows  for  many  miles  away  from  the  point  of 
eruption.  The  most  stupendous  outpouring  of  kva  on  record  was 
that  which  took  place  from  Skaptar  Jokau  in  Iceland  in  the  year 
1783.  Successive  streams  issued  from  the  volcano,  flooding  the 
country  far  and  wide,  filling  up  river-^or^es  whic^  were  sometimes 
600  feet  deep  and  200  feet  broad,  ana  advancing  into  the  allnvial 

;lains  in  lakes  of  molten  rock  12  to  15  miles  wide  and  100  feet  deep, 
'wo  currents  of  lava  which  flowed  in  nearly  opposite  directions 
extended  for  45  and  50  miles  respectively,  their  usual  thickness  being 
100  feet,  but  in  narrow  defiles  reaching  sometimes  to  600.  fiisch^ 
estimated  that  the  total  amount  of  lava  poured  forth  during  this 
sinde  eruption  '^  surpassed  in  magnitude  the  bulk  of  Mcmt  Blana"^ 

Varying  liquidity  of  Lava. — All  lava  is  at  the  time  of  its 
expulsion  in  a  molten  condition,  that  is,  consists  of  a  glassv  magma 
in  which,  by  reason  of  the  hi^h  temperature,  most  or  all  of  the 
mineral  constituents  exist  dissolved.  Considerable  differences,  how- 
ever, have  been  observed  in  the  degree  of  liq^uidity.  Humboldt  and 
Scrope  long  ago  called  attention  to  the  thick,  short  lump^  fonns 
presented  by  trachytic  rocks,  which  are  Ughter  and  more  siliceous, 
and  to  the  thin,  widely  extended  sheets  assumed  by  basalts,  which 
are  heavy  and  contain  much  iron  and  basic  silicates.'  It  may  be 
inferred  that  as  a  rule  the  basalts  or  more  basic  lavas  have  been 
more  liquid  than  the  trachytes  or  more  siliceous  lavas.  The  canse 
of  this  difference  has  been  variously  explained.  It  may  depend 
parti  V  upon  chemical  composition,  the  siliceous  being  naturally  less 
fusible  tnan  the  basic  rocks. 

But  as  great  differences  of  fluidity  are  observable  even  among 
lavas  having  nearly  the  same  composition,  there  would  seem  to  be 
some  further  cause  for  the  diversity.  Eeyer  has  ingeniously 
maintained  that  we  must  look  to  original  differences  in  the  extent  to 
which  the  subterranean  igneous  magma  which  supplied  the  la?a  has 
been  saturated  with  vapours  and  gases.  Molten  rock  hiAlj 
impregnated  fives  rise,  he  holds,  to  fragmentary  discharges,  while 
when  feebly  impregnated  it  flows  out  tranquilly.'  On  the  other 
hand  Captain  C.  &  Dutton,  who  has  recently  studied  the  volcanic 
phenomena  of  Western  America,  suggests  that  the  different  degrees  of 
liquidity  may  depend,  not  only  on  chemical  differences,  hut  on 

•  Ljell,  PrineiplBMy  ii.  p.  49. 

•  Soiope,  "  CoDBideniions  on  Volcanoes  "  (1825),  p.  93, 

•  Beiirag  tur  Phy$ik  der  ErupHonen,  p.  77. 


Digitized  by 


Google 


Part  L  Sect.  i.  §  2.]     LAVA-STREAMS.  225 

Taiiations  of  temperature.  He  supposes  that  the  basaltic  lavas 
which  have  flowed  so  far  in  thin  sheets^  and  which  must  have  had 
a  oomparatiyely  great  liquidity,  flowed  at  temperatures  far  above  that 
of  their  melting  point,  and  were,  to  use  his  phrase,  ^  superf  used/'  ^ 

The  varying  degrees  of  Liquidity  are  manifested  in  a  character- 
istic way  on  the  surface  of  lava.  Thus  in  the  great  lava  pools  of 
Hawaii  the  rock  exhibits  a  remarkable  liquidity.  During  its  ebulli- 
tion in  the  crater-pools,  jets  and  driblets  a  quarter  of  an  inch  in 
diameter  are  tossed  up,  and,  falling  back  on  one  another,  make 
"a  column  of  hardens  tears  of  lava/'  one  of  which  (Fig.  42)  was 


Fig.  42. — Ck>LUiai  fobmed  of  Gongialbd  Jets  of  Liquu>  Lava,  Gbatib  of 
KUiAuzA  (Daka). 

found  to  have  attained  a  height  of  40  feet,  while,  in  other  places,  the 
jets  thrown  up  and  blown  aside  by  the  wind  give  rise  to  long  threads 
of  glass  which  lie  thickly  together  like  mown  ^ass,  and  are  known 
by  the  natives  under  the  name  of  Pole's  Hair,  after  one  of  their 
divinities.' 

On  the  other  hand  the  lavas  of  Vesuvius  and  of  most  modem 
volcanoes,  which  issue  so  saturated  with  vapour  as  to  be  nearly 
concealed  from  view  in  a  cloud  of  steam,  are  accompanied  by 
abundant  explosions  of  fragmentary  materials.  Slags  and  clinkers, 
torn  by  explosions  of  steam  from  the  molten  rock,  are  strewn 
abundantly  over  the  cone,  while  the  surface  of  the  lava  is  likewise 
ragged  ¥dth  similar  clinkers,  which  may  now  and  then  be  observed 
plied  up  round  some  more  energetic  steam  spiracle  (Fig.  43).  So 
vast  an  amount  of  steam  rushes  out  from  one  of  these  orifices  and 
with  such  boiling  and  explosion  that  the  cone  of  bombs,  slags,  and 
irregular  lumps  of  lava,  forms  a  miniature  or  parasitic  volcano,  which 
will  remain  as  a  marked  cone  on  its  parent  mountain  long  after  the 
eruption  which  gave  it  birth  has  ceased.  The  lava  of  the  eruption 
at  Santorin  in  186&-67  at  first  welled  out  tranquilly,  but  after  a  few 
days  its  outflow  was  accompanied  with  explosions  and  discharges  of 
incandescent  fragments,  which  increased  until  they  had  covered  the 

*  *'High  Plateaux  of  Utah/'  Oeog.  and  OeoL  Suroey  of  TerrUariei.    Wo3hingto3, 
1830,  ohap.  y. 

*  nana,  Qeol.  U.  8.  Explor,  ExpecL,  p.  179. 
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lava  dome  with  ejected  scorisBy  and  had   opened    a    number  of 
crateriform  mouths  on  its  summit.^ 

There  can  be  no  doubt,  as  above  remarked,  that  the  condition  of 
liquidity  of  the  laya  has  iu  some  measure  determined  the  form 
of  the  eruptions.  In  one  case  there  are  quiet  out-wellings  of  the 
more  liquid  layas,  as  at  Hawaii;  in  another  there  are  exploeiTe 
discharges  and  cinder  cones  accompanying  the  more  viscid  lavas, 
as  at  most  modem  volcanoes.    The  former  has  been  the  condition 


Fio.  43.~Laya  Column  (eight  kbit  high),  Vmuviub  (Abigb). 


favourable  to  the  most  colossal  outpourings  of  molten  rock,  as  we 
see  in  the  basalt  plateaux  of  Britain,  Faroe,  Greenland,  Idaho, 
aud  Oregon,  the  Ghauts,  Abyssinia,  &c.  This  subject  is  again 
referred  to  at  p.  256. 

Crystallization  of  Lava. — Pouring  forth  with  a  L'quidity  like 
that  of  molten  iron,  lava  speedily  assumes  a  more  viscous  condition  and 
a  slower  motion.  Obsidian  and  other  vitreous  rocks  have  consolidated 
as  glass.  Yet  that  thev  are  not  always  extremely  fluid  is  indicated  by 
the  arrest  of  the  obsidian  stream  half  way  down  the  steep  northern 
slope  of  Volcano.    Even  in  such  perfect  natural  glass  as  obsidian, 

>  Fonqn^,  op.  dt  p.  xv. 
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microscopic  crystallites  and  crystals  are  usually  present  and  some- 
times in  prodigious  numbers  (pp.  104^  141).  In  most  layas  deyitri- 
ficfttion  has  proceeded  so  far  before  the  final  stiffening  that  the 
original  glassy  magma  has  passed  into  a  more  or  less  completely 
lithoid  or  crystalline  mass. 

That  lava  may  possess  an  appreciably  crystalline  structure  while 
still  in  motion  has  often  been  proved  at  VesuyiuSy  where  well-defined 
crystals  of  the  infusible  leucite  may  be  observed  in  a  molten  maj^ma 
of  the  other  minerals,  portions  of  the  white-hot  rock  in  this  condition 
being  ladled  out,  impressed  with  a  stamp  and  suddenly  congealed. 
The  fluxion  structure  above  (p.  101)  described,  furnishes  interesting 
evidence  of  this  fact  in  many  ancient  as  well  as  modern  lavas. 

The  crystalline  structure  appears  to  be  developed  in  lava  under 
tome  preasare  and  in  presence  of  the  volcanic  vapours  and  gases  with 
which  the  molten  rock  is  impregnated.  The  rapid  escape  of  these 
vapours  may  prevent  the  formation  of  the  crystalline  structure  and 
leave  the  lava  in  the  condition  of  a  more  or  less  perfect  glass.  This 
may  perhaps  be  the  explanation  of  the  vitreous  crust  on  the  walls  of 
iyies  already  (pp.  105,  214)  referred  to.  Bocks  crystallizing  in  the 
deeper  parts  ot  a  volcano  appear  usually  to  possess  a  more  coarsely 
crystallme  structure  than  those  which  crvstalhze  near  the  surface. 

Temperature  of  Lava. — It  would  be  of  the  highest  interest 
and  importance  to  know  accurately  the  temperature  at  which  a  lava 
stream  first  issues.  Measurements  not  altogether  satisfactory  have 
beai  taken  at  various  distances  below  the  point  of  emission  where 
the  moving  lava  could  be  safely  approached.  Experiments  made  at 
Vesuvius  by  Scacchi  and  Sainte-CIaire  Deville  in  1855,  by  thrusting 
thin  wires  of  silver,  iron,  and  copper  into  the  lava,  indicated  a 
temperature  of  scarcely  700^  C.  (1226  Fahr.^  Observations  of  a  similar 
kind,  made  in  1819,  when  a  silver  Mrire  -^i^tn  inch  in  diameter  at  once 
melted  in  the  Vesuvian  lava  of  that  year,  gave  a  greatly  higher 
temperature,  the  melting  point  of  silver  being  about  ISOO''  Fahr. 
Bat  copper  wire  has  also  been  melted,  the  point  of  fusion  of 
this  metal  being  about  2201''  Fahr.  Evidence  of  the  high 
temperature  of  lava  has  likewise  been  adduced  from  the  alteration  it 
has  effected  upon  refractory  substances  in  its  progress,  as  where,  at 
Torre  del  Greco,  it  overflowed  the  houses,  and  was  afterwards  found 
to  have  fused  the  fine  edges  of  flints,  to  have  decomposed  brass  into 
its  component  metals,  the  copper  actually  erystallizmg,  and  to  have 
melted  silver,  and  even  sublimed  it  into  smtall  octahedral  crystals. 
The  lava  of  Santorin  has  caught  up  pieces  of  limestone,  and  has 
formed  out  of  them  nodules  containing  crystallized  anorthite, 
Augite,  sphene,  black  garnet,  and  particularly  woUastonite.'  The 
initial  temperature  of  lava,  as  it  first  issues  from  the  Vesuvian 
funnel,  is  probably  considerably  more  than  2000"*  Fahr.  Obviously 
the  absorbed  water  in  the  white-hot  lava  must  possess  as  high 
a  temperature.    The  existence  of  white-hot  water,  even  in  rocks 

*  FoaqQ^  cp.  eU,  p.  206. 
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which  have  reached  the  surface,  is  a  fact  of  no  little  significance  in 
the  theoretical  consideration  of  hypogODe  action. 

Inclination  of  laya-flows.— It  was  at  one  time  supposed  that 
lava  could  not  consolidate  in  beds  on  sach  steep  slopes  as  those 
of  most  volcanoes.  Hence  arose  the  **  elevation-crater  theory" 
(described  at  p.  240),  in  which  the  inclined  position  of  lavas  round 
a  volcanic  veut  was  explained  by  upheaval  after  their  emiasioD. 
Observations  all  over  the-world,  however,  have  now  demonstrated  that 
lava,  with  all  its  characteristic  features,  can  consolidate  on  slopes  of 
even  35^  and  4ff.  The  lava  in  the  Hawaii  Islands  has  cooled 
rapidly  on  slopes  of  25^  that  from  Vesuvius,  in  1855,  is  here  aud 
there  as  steep  as  30^  while  the  older  lavas  in  Monte  Somma  are 
sometimes  inclined  at  45^.  On  the  east  side  of  Etna,  a  cascade  of  laTa, 
which  poured  in  1689,  into  the  vast  hollow  of  the  Cava  Grande,  has 
an  inclination  varying  from  18°  to  48^  with  an  average  duoknen 
of  16  feet  On  Mauua  Loa  some  lava-flows  are  said  to  hafe 
congealed  on  slones  of  49%  60%  and  even  8(f  ,  though  in  these  cases  it 
could  only  be  a  layer  of  rook  stiffening  and  adhering  to  the  surCioe 
of  the  declivity.  Even  when  it  consolidates  on  a  steep  slope^  a 
stream  of  lava  forms  a  sheet  with  parallel  upper  and  under  surnoes, 
a  general  uniformity  of  thickness,  and  often  greater  evenuesa  of 
surface  than  where  the  angle  of  descent  is  low.  The  thickness 
varies  indefinitely  ;  many  basalts  which  have  been  poured  out  ia  a 
remarkably  liquid  condition  have  solidified  in  beds  not  more  than  10 
or  12  feet  thicff.  On  the  other  hand  more  pasty  lavas,  especially 
where  they  have  flowed  into  narrow  valleys,  may  be  piled  up  into 
solid  masses  to  a  thickness  of  several  hundred  feet. 

Structure  of  a  lava-stream. — Some  lava-streams  are  nearly 
homogeneous  throughout.  In  general,  however,  they  each  diow 
three  component  layers.  At  the  bottom  lies  a  rou^h,  slaggy  mas, 
produced  by  the  rapid  cooling  of  the  lava,  and  the  breaking  up  and 
continued  onward  motion  of  the  scoriform  layer.  The  central  and 
main  portion  of  the  stream  consists  of  solia  lava,  often,  howeter, 
with  a  more  or  less  carious  and  vesicular  texture.  The  upper  part, 
as  we  have  seen,  may  be  a  mass  of  rough  broken-up  slabs,  scoris,  or 
clinkers.  The  proportions  borne  by  these  respective  layers  to  each 
other  vary  continually.  Some  of  the  more  fluid  ropy  lavas  of 
Vesuvius  have  an  inconstant  and  thin  slaggy  crust ;  others  may  be 
said  to  consist  of  little  else  than  sooriaa  from  top  to  bottom.  Through- 
out the  whole  mass  of  a  lava-current,  but  more  especially  alcmg  its 
upper  sur&ce,  the  absorbed  vapours  expand  as  the  pressure  diminishes, 
ana  pushing  the  molten  rocK  aside,  segregate  into  small  babbles 
or  irregular  cavities.  Hence,  when  the  lava  solidifies,  these  steam- 
holes  are  seen  to  be  sometimes  so  abundant  that  a  detached  portioD 
of  the  rock  containing  them  will  float  in  water  (pumice).  They  are 
often  elongated  in  the  direction  of  the  motion  of  the  lava-stream  (Fig. 
44).  Sometimes,  indeed,  where  the  oells  are  numerous,  this  ekMiga- 
tion  of  them  in  one  direction  gives  a  fissile  structure  to  the  rock. 
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In  passii^  from  a  flaid  to  a  solid  condition,  and  thus  contracting, 
laTa  acquires  different  structures.  Lines  of  divisional  planes  or 
joints  trayerse  it,  especially  perpendicular  to  the  up^r  and  under 
sorfiEu^s  of  the  sheet.    Ttiese  sometimes  assume  prismatic  forms, 


h 

e  ^ 

Via,  44.— Elohoatiov  or  Yebiolb  nr  u/oMonon  of  Flow  op  Lata. 

diyiding  the  rock  into  columns,  as  is  so  frequently  to  be  oBseryed  in 
basalt.  They  are  described  in  Book  lY.  Part  ii.,  together  with  other 
forma  of  joints. 

Vapours  and  sublimations  of  a  lava-stream. — ^Besides 
steam,  many  other  yapours  absorbed  in  the  original  subterranean 
molten  magma  escape  &om  fissures  of  a  lava-stream.  The  points  at 
which  such  yapours  are  copiously  disengaged  are  termed  Jvmaroles. 
Among  ihe  exhalations,  chlorides  abound,  particularly  chloride  of 
sodium,  which  appears,  not  only  in  fissures,  but  even  over  the  cooled 
crust  of  the  lava,  in  small  crystals,  in  tufts,  pr  as  a  granular  and 
even  glassy  incmstation.  Chloride  of  iron  is  deposited  as  a  yellow 
coating  at  fumaroles,  where  also  bright  emerald  green  films  and 
scales  of  chloride  of  copper  may  be  more  rarely  observed.  Many 
chemical  changes  take  place  in  the  escape  of  these  yapours.  Thus 
q)ecuIaT-iron,  either  the  result  of  the  mutual  decomposition  of  steam 
and  iron  chloride,  or  of  the  oxidation  of  magnetite,  forms  abundant 
scales,  plates,  and  small  crystals  in  the  fumaroles  and  yesicles  of  some 
lavas.  Sal-ammoniac  also  appears  in  large  quantity  on  many  lavas, 
not  merely  in  the  fissures,  but  also  on  the  upper  surface.  This  salt 
is  not  directly  a  volcanic  product,  but  results  from  some  decom- 
position, probably  from  that  of  the  aqueous  vapour,  whereby  a 
combination  is  formed  with  atmospheric  nitrogen. 

Slow  cooling  of  laya. — ^Tne  hardened  crust  of  a  lava-stream 
IB  a  bad  conductor  of  heat.  Consequently,  the  surface  of  the  stream 
may  haye  become  cool  enough  to  be  walked  upon,  though  the  red^ 
hot  mass  may  be  observed  through  the  rents  to  lie  only  a  few  inches 
below.  Many  years  therefore  may  elapse  before  the  temperature  of 
the  whole  mass  has  fallen  to  that  of  the  surrounding  soil.  Eleven 
months  after  an  eruption  of  Etna,  Spallanzani  could  see  that  the 
lava  was  still  red-hot  at  the  bottom  of  the  fissures,  and  a  stick 
thrust  into  one  of  them  instantly  took  fire.  The  Yesuvian  lava  of 
1785  was  found  by  Breislak  seyen  years  afterwards  to  be  still  hot  and 
steaming  internally,  though  lichens  had  already  taken  root  on  its 
soriace.  The  ropy  lava  erupted  by  Vesuvius  in  1858  was  observed 
by  the  author  in  1870  to  be  still  so  hot,  even  near  its  termination, 
that  steam  issued  abundantly  from  its  rents,  many  of  which  were  too 
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wa^m  to  allow  the  hand  to  be  held  in  them,  and  three  years  later  it 
was  still  steaming  abundantly.  Hoffmann  records  that  uom  the  lava 
which  flowed  from  Etna  in  1787  steam  was  still  issuinj^  in  1830. 
Yet  more  remarkable  is  the  case  of  Jorullo,  in  Mexico,  which  sent  out 
lava  in  1759.  Twenty-one  years  later  a  cigar  could  be  lighted  at  ita 
fissures:  after  44  years  it  was  still  visibly  steaming;  and  even  in 
1846,  that  is,  after  87  years  of  cooling,  two  vapour  columns  were  still 
rising  from  it.^ 

Ibis  extremely  slow  rate  of  cooling  has  justly  been  regarded  as  a 
point  of  high  geological  significance  in  regard  to  the  secular  cooling 
Itnd  probable  internal  temperature  of  our  globe.  Some  geologists 
have  argued  indeed  that,  if  so  comparatively  small  a  portion  of 
molten  matter  as  a  lava-stream  can  maintain  a  high  temperature 
under  a  thin,  cold  crust  for  so  many  years,  we  may,  from  analc^y, 
feel  little  hesitation  in  believing  that  tne  enormously  vaster  mass  of 
the  globe  may,  beneath  a  relatively  thin  crust,  still  continue  in  a 
molten  condition  within.  More  legitimate  deductions,  however^ 
might  be  drawn  from  more  accurate  and  precise  measurements  of 
the  rate  of  loss  of  heat,  and  of  its  variations  m  different  lava-streamB. 
Sir  William  Thomson,  for  instance,  has  suggested  that,  by  measuring 
the  temperature  of  intrusive  masses  of  igneous  rock  in  coal-workings 
and  elsewhere,  and  comparing  it  with  that  of  other  non-volcanio 
rocks  in  the  same  regions,  we  might  obtain  data  for  calculating  the 
time  which  has  elapsed  since  these  igneous  sheets  were  erupted 
(ante,  p.  46). 

Effects  of  lava-streams  on  superficial  waters  and 
topography. — In  its  descent  a  stream  of  lava  may  reach  a  water- 
course, and,  by  throwing  itself  as  an  embankment  across  the  stream, 
may  pond  back  the  water  and  form  a  lake.  Such  is  the  origin 
of  the  picturesque  Lake  Aidat  in  Auvergne.  Or  the  molten  current 
may  usurp  the  channel  of  the  stream,  and  completely  bury  the 
whole  vaJiey,  as  has  happened  again  and  a^ain  among  the  vast 
lava-fields  of  Iceland.  1^  ew  changes  in  physiography  are  so  rapid 
and  so  enduring  as  this.  The  channel  winch  has  required,  doubtless, 
many  thousands  of  years  for  the  water  laboriously  to  excavate,  is 
sealed  up  in  a  few  hours  under  100  feet  or  more  of  stene,  and 
another  vastly  protracted  interval  may  elapse  before  this  newer  pile 
is  similarly  eroded.* 

B^  suddenly  overflowing  a  brook  or  pool  of  water,  molten  lava 
sometimes  has  its  outer  crust  shattered  te  fragments  by  a  sharp 
explosion  of  the  generated  steam,  while  the  fluid  mass  within  rushes 
out  on  all  sides.  The  lavas  of  Etna  and  Vesuvius  have  protruded 
into  the  sea.  Thus  a  current  from  the  latter  mountain  entered  the 
Mediterranean  at  Torre  del  Greco  in  1794,  and  pushed  its  way  for 
360  feet  outwards,  with  a  breadth  of  1100  and  a  height  of  15  feeU  So 

*  E.  Schleiden,  quoted  by  Naunmnn,  Geol,  i.  p.  ICO. 

*  For  an  example  of  the  ooiiTcraion  of  a  lava-buried  river-bed  into  a  hill-top  hj  loi^ 
continued  denudation,  see  Qnari,  Jaum,  OeoL  See,  1S7],  p.  SOS. 
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quietly  did  it  advance  that  fireislak  could  sail  round  it  in  a  boat 
and  observe  its  progress. 

By  the  outpouring  of  lava  two  important  kinds  of  geological 
change  are  produced.  (1)  Stream-courses^  lakes,  ravines,  valleys,  in 
short  all  the  minor  features  of  a  landscape,  mav  be  completely  over« 
whelmed  under  a  thick  sheet  of  lava.  The  drainage  of  the 
district  bein^  thus  effectually  altered,  the  numerous  changes  which 
flow  from  the  operations  of  running  water  over  the  land  are 
arrested  and  made  to  begin  again  in  new  channels.  (2)  Con-* 
sidemble  alterations  may  fikewise  be  caused  by  the  effects  of  the 
beat  and  vapoars  of  the  lava  upon  the  subjacent  or  contiguous 
ground.  Instances  have  been  observed  in  which  the  lava  has 
•etually  melted  down  opposing  rocks,  or  masses  of  slags  on  its  own 
surface.  Interesting  observations,  already  referred  to,  have  been 
made  at  Torre  del  Greco  under  the  lava-stream  which  overflowed 
part  of  that  town  in  1791:.  It  was  found  that  the  window-panes  of 
the  houses  had  been  devitrified  into  a  white,  translucent,  stony 
substance ;  that  pieces  of  limestone  had  acquired  an  open,  sandy, 
graoular  texture,  without  loss  of  carbon  dioxide,  and  that  iron,  brass, 
lead,  oop|>er,  and  silver  objects  had  been  greatly  altered,  some  of  the 
metals  being  actually  sublimed.  We  can  understand,  therefore,  that^ 
retaining  its  heat  for  so  long  a  time,  a  mass  of  lava  may  induce  many 
crystalline  structures,  rearrangements,  or  decompositions  in  the  rocks 
o?er  which  it  comes  to  rest,  and  proceeds  slowly  to  cool.  This  is 
a  question  of  considerable  importance  in  relation  to  the  behaviour 
of  ancient  lavas  which  have  been  intruded  among  rocks  beneath  the 
surface,  and  have  subsequently  been  exposed  (Book  IV.  Part  VII.). 

But  on  the  other  hand,  the  exceedingly  trifling  change  produced, 
efen  bv  a  massive  sheet  of  lava,  has  often  been  remarked  with 
asionisnment.  On  the  flank  of  Vesuvius  vines  and  trees  may  be 
seen  still  flourishing  on  little  islets  of  the  older  land  surface,  com- 
{detely  surrounded  by  a  flood  of  lava.  Dana  has  given  an  instructive 
scoount  of  the  descent  of  a  lava-stream  from  Eilauea  in  June  1840* 
Idet-like  spaces  of  forest  were  left  in  the  midst  of  the  lava,  many  of 
the  trees  being  still  alive.  Where  the  lava  flowed  round  the  trees 
the  stumps  were  usually  consumed,  and  cylindrical  holes  or  casts 
remained  in  the  lava,  eitner  emptv  or  filled  with  charcoal.  In  many 
cases  the  fallen  crown  of  the  tree  lay  near,  and  so  little  damaged  that 
the  epiphytic  plants  on  it  began  to  grow  again.  Yet  so  fluid  was 
the  lava  that  it  hung  in  pendent  stalactites  from  the  branches^ 
which  nevertheless,  though  clasped  round  bv  the  molten  rock,  had 
barely  their  bark  scoroheo.  Again,  for  nearly  100  years  there  has 
lain  on  the  flank  of  Etna  a  large  sheet  of  ice,  which,  originally  in 
the  form  of  a  thick  mass  of  snow,  was  overflowed  by  lava  and  has 
thereby  been  protected  from  the  evaporation  and  thaw  which  would 
certainly  have  dissipated  it  long  ago,  had  it  been  exposed  to  the  air. 
The  heat  of  the  lava  has  not  sufficed  to  melt  it.  In  other  cases  snow 
and  ice  have  been  melted  in  large  quantities  by  overflowing  lava. 
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The  great  floods  of  water  which  rushed  down  the  flank  of  Etna, 
after  an  eruption  of  the  mountain  in  the  spring  of  1755,  and  similar 
deludes  at  Cotopaxi,  are  thus  explained. 

One  further  aspect  of  a  lava-stream  may  be  noticed  here — ^the 
effect  of  time  upon  its  surface.  While  all  kinds  of  laya  must,  in  the 
end,  crumble  down  under  the  influence  of  atmospheric  waste  and, 
where  other  conditions  permit,  become  coated  with  soil  and  support 
some  kind  of  vegetation^  yet  extraordinary  differences  may  be 
observed  in  the  facility  with  which  different  lavap€treams  yield  to 
this  change,  even  on  the  flank  of  the  same  mountain.  Every  one 
who  ascends  the  slopes  of  Vesuvius  remarks  this  fact.  After  a  IrtUe 
practice  it  is  not  difficult  there  to  trace  the  limits  of  certain  lavas 
even  from  a  distance,  in  some  cases  by  their  verdure,  in  others  hj 
their  barrenness.  Five  hundred  years  have  not  sufficed  to  clothe 
with  green  the  still  naked  surface  of  the  Gatanian  lava  of  1381 ; 
while  some  of  the  lavas  of  the  present  century  have  long  given 
footing  to  bushes  of  furze.  Some  of  the  younger  lavas  of  Auva*giie, 
which  certainly  flowed  in  times  anterior  to  those  of  history,  are  still 
singularly  bare  and  rugged.  Yet,  on  the  whole,  where  lava  is 
directly  exposed  to  the  atmosphere,  without  receiving  protection  from 
occasional  showers  of  volcanic  ash,  or  where  liable  to  oe  washed  bare 
by  heavy  torrents  of  rain,  its  surface  decays  in  a  few  vears 
sufficiently  to  afford  soil  fon  stray  plants  in  the  crevices.  When 
these  have  taken  root  they  help  to  increase  the  disintegration ;  at 
last,  as  the  rock  is  overspread,  the  traces  of  its  volcanic  origin  hde 
away  from  its  surface.  Some  of  the  Yesuvian  lavas  of  the  preoeot 
century  already  support  vineyards. 

Sabsidence  and  Elevation. — ^Proofis  of  elevation  are  frequent 
among  volcanic  vents  which,  lying  near  the  sea  and  containing  marine 
sediments  among  their  older  erupted  materials,  supply  in  the  enclosed 
marine  organisms  evidence  of  the  movement.  In  this  way  it  is 
known  that  Etna,  Vesuvius  and  other  Mediterranean  volcanoes,  began 
their  history  as  submarine  vents,  and  that  they  owe  their  present 
dimensions  not  only  to  the  accumulation  of  ejected  materials,  bnt  also 
to  some  extent  to  an  elevation  of  the  sea-bottom.  Proof  of  sobsidenoa 
IS  less  easily  traced,  but  indications  have  been  observed  of  a  sinkine 
of  the  ground  beneath  a  volcanic  vent,  as  if  the  crust  had  settled 
down  upon  the  cavity  made  by  the  discharge  of  so  much  volcanic 
material.  During  the  recent  eruption  of  Santorin,  very  decided  bat 
extremely  local  subsidence  took  place  near  the  vent  in  the  centre  of 
the  old  crater. 

Torrents  of  Water  and  Mud. — ^We  have  seen  that  large 
quantities  of  water  accompanv  many  volcanic  erupticMis.  In  some 
cases,  where  ancient  crater-lakes  or  internal  reservoirs,  shaken  by 
repeated  detonations,  have  been  finally  disrupted,  the  mod  whidi  has 
therebv  been  liberated  issues  at  once  from  the  mountain.  Such 
*'  mud-lava,"  (lava  cT  aqua\  on  account  of  its  liquidity  and  swiftness 
of  motion,  is  more  dreaded  for  destructiveness  than  even  the  tms 
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I        melted  layas.      On  the  other  hand^  rain   or  melted  snow  or  ice, 

j        nuhing  down  the  cone  and  taking  up  loose  volcanic  dust,  is  con- 

'        Terted  into  a  kind  of  mud  that  grows  more  and  more  pasty  as  it 

descends.    The  mere  sudden  rush  of  such  large  bodies  of  water  down 

I        the  steep  declivity  of  a  volcanic  cone  cannot  fail  to  effect  much 

geological  change.    Deep  trenches  are  cut  out  of  the  loose  volcanic 

I       slopeB,  and  sometimes  larfi;e  areas  of  woodland  are  swept  away,  the 

debris  being  strewn  over  me  plains  below. 

It  was  one  of  these  mud-lavas  which  invaded  Herculaneum  during 
the  great  eruption  of  79,  and  which,  quickly  enveloping  the  houses 
and  their  contents,  has  preserved  for  us  so  many  precious  and  perish* 
Me  monuments  of  antiquity.  In  the  same  district  during  the 
!  eroption  of  1622  a  torrent  of  this  kind  poured  down  upon  the 
I  villages  of  Ottajano  and  Massa,  overthrowing  walls,  filling  up  streets, 
and  even  burying  houses  with  their  inhabitants.  During  tke  great 
I  eniption  of  Uotopaxi  in  Jane  1877  enormous  torrents  of  water 
and  mod,  produced  by  the  melting  of  the  snow  and  ice  of  the  cone, 
poured  down  from  the  mountain.  Among  the  d6bris  hurried  along  wei*e 
vast  numbers  of  large  blocks  of  ice.  The  villages  all  round  the 
mountain  to  a  distance  of  sometimes  more  than  ten  geographical 
miles  were  left  deeply  buried  under  a  deposit  of  mud  mixed  with 
blocks  of  lava,  ashes,  pieces  of  wood,  &c.^  Many  of  the  volcanoes  of 
Cmtral  and  South  America  discharge  large  quantities  of  mud  directly 
from  their  craters.  Thus  in  the  year  1691  Imbaburu,  one  of  the 
Andes  of  Quito,  emitted  floods  of  mud  so  largely  charged  with  dead 
fish  that  pestilential  fevers  arose  from  the  subsequent  effluvia. 
Seven  years  later  (1698),  during  an  explosion  of  another  of  the  same 
range  of  lofty  mountains,  Carguairazo  (14,706  feet),  the  summit  of 
the  cone  is  said  to  have  fietllen  in,  while  torrents  of  mud,  containing 
immense  numbers  of  the  fish  Pymdodus  Otfclopum,  poured  forth  and 
corered  the  ground  over  a  space  of  four  square  leagues.  The  carbon- 
aceous mud  (locallv  called  moya)  emitted  by  the  Quito  volcanoes 
■ometimes  escapes  from  lateral  fissures,  sometimes  from  the  craters. 
Its  organic  contents,  and  notably  its  siluroid  fish,  which  are  the 
same  as  those  found  living  in  the  streams  above  ground,  prove  that 
the  water  is  derived  from  the  surface,  and  accumulates  in  craters  or 
onderground  cavities  until  discharged  by  volcanic  action.  Similar 
but  even  more  stupendous  and  destructive  outpourings  have  taken 
place  from  the  volcanoes  of  Java,  where  wide  tracts  of  luxuriant 
vegetation  have  at  different  times  been  buried  under  masses  of  dark 
ney  mud,  sometimes  100  feet  thick,  with  a  rough  hillocky  surface  « 
nwn  which  the  top  of  a  submerged  palm-tree  occasionally  protruded. 
Between  the  destructive  effects  of  mere  water-torrents  and  that 
of  these  mud-floods  there  is,  of  course,  the  notable  difference  that» 
whereas  in  the  former  case  a  portion  of  the  surface  is  swept  away, 
in  the  latter,  while  sometimes  considerable  demolition  of  the  surface 
takes  place  at  first,  the  main  result  is  the  burying  of  the  ground 

*  Wolf;  Neum  Jahfh,  1S78,  p.  188. 
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under  a  new  tumultaous  deposit  by  which  the  surface  is  greatlj 
changed,  not  only  as  regards  its  temporary  aspect,  bat  in  its  more 
permanent  features,  such  as  the  position  and  form  of  its  wate> 
courses. 

Mad-Voloanoes. — ^These  are  of  two  kinds :  1st,  where  the  chief 
source  of  movement  is  the  escape  of  gaseous  dischai^es ;  2nd,  where 
the  active  agent  is  steam. 

(1)  Although  not  volcanic  in  the  proper  sense  of  the  term,oertam 
remarkable  orifices  of  eruption  mav  be  noticed  here,  to  wUch  the 
names  of  rnvd-volcanoes,  sdlseSy  air-vdeanoes^  and  maealvbaM  have  been 
applied.  These  are  conical  hills  formed  by  the  accumulation  of  fine 
and  usually  saline  mud,  which,  with  various  gases,  is  continuoody 
or  intermittently  given  out  from  the  orifice  or  crater  in  the  centre. 
They  occur  in  groups,  each  hillock  being  sometimes  less  than  a  yard 
ill  height,  but  ranging  up  to  elevations  of  100  feet  or  more.  Like  true 
volcanoes,  they  have  their  periods  of  repose,  when  either  no  discharge 
takes  place  at  all,  or  mud  oozes  out  tranquilly  from  the  crat^,  and 
their  epochs  of  activitv,  when  large  volumes  of  gas,  and  sometimes 
columns  of  flame,  rush  out  with  considerable  violence  and  explosioD, 
and  throw  up  mud  and  stones  to  a  height  of  sevend  hundred  feet 
The  gases  play  much  the  same  part,  therefore,  in  these  phemwieDi 
that  steam  does  in  those  of  true  volcanoes.  They  consist  of  csrbon 
dioxide,  carburetted  hydrogen,  sulphuretted  hydrogen,  and  nitrogen. 
The  mud  is  usually  cold.  In  the  water  occur  various  saline  in- 
gredients,  among  which  common  salt  generally  appears ;  hence  the 
name,  Salses.  Is^apbtha  is  likewise  frequently  present.  Large  pieoei 
of  stone,  differing  from  those  in  the  neighbourhood,  have  been 
observed  among  the  ejections,  indicative  doubtless  of  a  someiriuit 
deeper  source  than  in  ordinary  cases.  Heavy  rains  may  wash  down 
the  minor  mud-cones  and  spread  out  the  material  over  the  groimd, 
but  gas*bubbles  again  appear  through  the  sheet  of  mod,  and  by 
degrees  a  new  series  of  mounds  is  once  more  thrown  up. 

There  can  be  little  doubt  that  this  type  of  mud-volcano  is  to  be 
traced  to  chemical  changes  in  progress  underneath.  Dr.  Daubenj 
explained  them  in  Sicily  by  the  slow  combustion  of  beds  of  sulphur. 
The  frequent  occurrence  of  naphtha  and  of  imflammiU>le  gas  paints, 
in  other  cases,  to  the  disengagement  of  hydrocarbons  from  8abte^ 
ranean  strata. 

(2)  The  second  class  of  mud-volcano  presents  itaelf  in  true  volcaoie 
regions,  and  is  due  to  the  escape  of  hot  water  and  steam  through 
beds  of  tuff  or  some  other  friable  kind  of  rock.  The  mud  is  kept  io 
ebullition  by  the  rise  of  steam  through  it.  As  it  becomes  more 
pasty  and  the  steam  meets  with  greater  resistance,  large  bubbles  are 
formed,  which  burst,  and  the  more  liquid  mud  from  below  ooies  out 
from  the  vent.  In  this  way  small  cones  are  built  up,  manv  of 
which  have  perfect  craters  atop.  In  the  Geyser  tracts  of  the  Yellow* 
stone  region  there  are  several  instructive  examples  of  such  active 
and  extinct  mud-vents.    Some  of  the  extinct  cones  there  are  not 
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more  than  a  foot  high,  and  might  be  carefully  removed  as  museum 
qiecimens. 

Hod-volcanoes  occur  in  Iceland,  Sicily  (Macaluba),  in  many 
districts  of  northern  Italy,  at  Tamar  and  Eertch,  at  Baku  on  the 
Gaspian,  near  the  mouth  of  the  Indus,  and  in  other  parts  of  the 
globe.^ 

Bxhftlations  of  Vapours  and  Gases. — In  volcanic  districts, 
sometimes  from  the  craters  and  sides  of  dormant  or  extinct  cones,  some- 
times at  a  distance  from  them,  heated  vapoucs  and  gases  are  ^ven  off 
from  orifices  continuously  and  without  eruptive  discharges.  luimerous 
examples  occur  among  the  volcanic  tracts  of  Italy,  where  they  have 
been  termed  iuffioni.  Steam,  sulphuretted  hydrogen,  hydrochloric 
add,  and  carbonic  acid  are  particularlv  noticeable  at  these  orifices. 
The  vapours  in  rising  condense.  The  salphuretted  hydrogen  becomes 
tolphuric  acid,  which  powerfully  corrodes  the  surrounding  rocks. 
The  lava  or  tuff  through  which  the  hot  vapours  rise  is  bleached  into 
a  white  or  vellowish  crumbling  clay,  in  which,  however,  the  less 
easily  corroaed  crystals  may  still  be  recc^ised  in  situ.  At  the  same 
time,  sublimates  of  sulphur  or  of  chlondes  may  be  formed,  or  the 
solpharic  add  attacking  the  lime  of  the  silicates  gives  rise  to  gypsum, 
which  spreads  in  a  network  of  threads  and  veins  through  the  hot^ 
steaming,  and  decomposed  mass.  In  this  way  at  the  island  of 
Volcano,  obddian  is  converted  into  a  snow-white,  dull,  clay-stone- 
like substance,  with  crystals  of  sulphur  and  gypsum  in  its  crevices. 
Silica  is  likewise  deposited  from  solution  at  many  orifices,  and  coats 
the  altered  rock  with  a  crust  of  calcedony,  hyalite,  or  some  form  of 
siliceous  sinter.  As  the  result  of  this  action  masses  of  rock  are 
deeompoeed  below  the  surface,  and  new  deposits  of  alum,  sulphur, 
Bolphides  of  iron  and  copper,  &c.,  are  formed  above  them.  Examples 
have  been  described  from  Iceland,  Lipari,  Hungary,  Terceira, 
Teneriffe,  St  Helena,  and  many  other  localities.^ 

Another  class  of  gaseous  emanations  betokens  a  condition  of 
volcanic  activity  further  advanced  towards  final  extinction.  In 
these  the  gas  is  carbon  dioxide,  either  issuing  directly  from  the  rock 
or  bubbling  up  with  water  which  is  often  quite  cold.  The  old 
volcanic  districts  of  Europe  furnish  many  examples.  Thus  on  the 
shores  of  the  Laacher  See — an  ancient  crater  lake  of  the  Eifel — 
the  gas  issues  from  numerous  openings  called  moffette^  round  which 
dead  insects,  and  occasionally  mice  and  birds,  may  be  found.  In 
the  same  region  occur  hundreds  of  springs  more  or  less  charged 
with  this  gas.    The  famous  Valley  of  jDeath  in  Java  contains  one  of 

*  On  mnd-Toloanoet,  lee  BuxMeii,  Liebi^a  AmuU,  ixiii.  (1847),  p.  1 ;  Abioh,  Mem, 
Mad.  8L  Peienburg,  T  wit.  t  vi  No.  5,  ix.  Na  4 ;  Daubeny's  V6lcanoe$,  pp.  264.  589 ; 
Bokt,  TVoAf.  Bombay  Oeograph.  &te,  x.  p.  154 ;  Roberto,  Joum.  Roy.  ABtatio  Soe., 
1860 ;  De  Vernaiiil,  Jfom.  8oe.  GeoL  France,  iii.  (1838),  p.  4 ;  Stiffe,  Q,  /.  Qeol.  Soo.  xxx. 
pL  50 ;  VoD  LmmxIz,  Z  DeuUeh.  ChoL  Gee,  xxxi  p.  457 ;  Qfimbel,  Sitzb.  Akad.  MUnoh. 
1879. 

»  Voo  Buch,  ••  (5snar.  Iiwclo,"  232.  Hoffman,  Pogg.  Ann.  1832.  pp.  38,  40,  60. 
Bmueo,  Ann.  Chetn.  Pharm,  1847  0^^.),  p.  10.    Darwin,  «*  Volcanic  Islands,"  p.  29. 
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the  most  remarkable  gas  springs  in  the  world.  It  is  a  deep,  bofiky 
hollow,  from  one  small  space  on  the  bottom  of  which  carbon  dioxide 
issues  so  copiously  as  to  form  the  lower  stratum  of  the  atmosphere. 
Timers,  deer,  and  wild-boar,  enticed  by  the  shelter  of  the  spot,  descend 
and  are  speedily  suffocated.  Many  of  their  skeletons,  together  with 
those  of  man  himself,  have  been  observed. 

As  a  distinct  class  of  gas-springs  we  may  group  and  describe  here 
the  emanations  of  volatile  hydrocarbons,  which,  when  they  take  fire, 
are  known  as  Fire-wells.  These  are  not  of  volcanic  origin,  bat  arise 
from  changes  within  the  solid  rocks  underneath.  They  oocur  in 
many  of  the  districts  where  mud-volcanoes  appear,  as  in  northern 
Italy,  on  the  Caspian,  in  Mesopotamia,  in  southern  Kurdistan,  and 
in  many  parts  of  the  United  States.  It  has  been  observed  that  they 
frequently  rise  in  regions  where  beds  of  rock-salt  lie  underneath,  and 
as  that  rock  has  been  ascertained  often  to  contain  compresHsed 
gaseous  hydrocarbons,  the  solution  of  the  rock  by  subterranean 
water,  and  the  consequent  liberation  of  the  gas,  has  been  offered  as 
an  explanation  of  these  fire-wella 

In  the  oil  regions  of  Pennsylvania  certain  sandy  strata  occur  at 
various  geological  horizons  whence  lar^e  quantities  of  petroleum  and 
gas  are  obtained.  In  making  the  bonn^  for  oil-wells,  reservoirs  of 
gas  as  well  as  subterranean  courses  or  sprmgs  of  water  are  met  with. 
When  the  sapplv  of  oil  is  limited  but  that  of  gas  is  large,  a  contest 
for  possession  of  the  bore-hole  sometimes  takes  place  between  the 
^  and  water.  When  the  machinery  is  removed  and  the  boring 
IS  abandoned,  the  contest  is  allowed  to  proceed  unimpeded  and 
results  in  the  intermittent  discharge  of  columns  of  water  and  gas 
to  heights  of  130  feet  or  more.  At  night,  when  the  gas  has  been 
lighted,  ihe  spectacle  of  one  of  these  "  fire-geysers  "  is  inconceivably 
grand.^ 

Geysers. — In  some  regions  where  volcanic  action  still  continues, 
and  in  others  where  it  has  long  been  dormant,  there  occur  eruptive 
fountains  of  hot  water  and  steam,  to  which  the  general  name  of 
Geysers  {i.e.  gushers)  is  given,  from  the  exmnples  in  Iceland,  which 
were  the  first  to  he  seen  and  described.  The  Great  and  Littie 
Geysers,  the  Strokkr,  and  other  minor  springs  of  hot  water  in 
Iceland,  have  long  been  celebrated.  More  recentlv  another  series 
.has  been  discovered  in  New  Zealand.  But  probably  the  most 
remarkable  and  numerous  assemblage  is  that  wnich  within  the  last 
decade  has  been  brought  to  li^ht  in  the  north-west  part  of  the 
territory  of  Wyoming,  and  which  has  been  included  within  the 
**  Yellowstone  National  Park  '* — a  region  set  apart  by  the  Oongress  of 
the  United  States  to  be  for  ever  exempt  from  settlement,  and  td  be 
retained  for  the  instruction  of  the  people.    In  this  singular  region 

>  AfhbarDer,  Proc.  Amer.  FhiL  8oe,y  xvii.  (1877).  p.  127.  8tawelF$  Petrcimm  B0- 
poiier.  15ih  Sept.  1879.  Second  OecL  Survey  of  Penneylvama.  Beports  bj  J.  Otrll, 
1877, 1880.  On  the  naphtha  districts  of  the  Caspian  S^  Abioh,  Jahrb.  OtoL  ReieU 
uiz.  (IS79\  p.  165 ;  see  also  for  phenomena  in  Galiicia  the  same  work,  zy.  pp.  199, 851 ; 
xvii.  p.  291 ;  xviii.  p.  311. 
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the'gioimd  in  certain  tracts  is  honeycombed  with  passages  which 
commonicate  ¥nth  the  surface  by  hundreds  of  openings,  whence 
boiling  water  and  steam  are  emitted*  In  most  cases,  tne  water  remains 
dear,  tranquil,  and  of  a  deep  green-blue  tint,  though  many  of  the 
otherwise  quiet  pools  are  marked  by  patches  of  rapid  ebullition. 
These  pools  lie  on  mounds  or  sheets  of  sinter,  and  are  usually  edged 
rovmd  with  a  raised  rim  of  the  same  substance,  often  beautifully  fretted 
and  streaked  with  brilliant  colours.  The  eruptive  openings  usually 
appear  on  small,  low,  conical  elevations  of  sinter,  from  each  of  whicn 
ODe  or  more  tubular  projections  rise.  It  is  from  these  irregular  tube- 
like excreeoences  that  the  eruptions  take  place. 

The  term  geyser  is  restricted  to  actiye  openings  whence  columns 
of  hot  water  and  steam  are  from  time  to  time  ejected ;  the  non- 
eroptiye  pools  are  only  hot  springs.  A  true  geyser  should  thus 
possess  an  underground  pipe  or  passage,  terminating  at  the  surface  in 
an  opening  built  round  with  deposits  of  sinter.  At  more  or  less 
re£^ular  inteirals  rumblings  and  sharp  detonations  in  the  pipe  are 
followed  hy  an  agitation  of  the  water  in  the  basin,  and  then  by  the 
violent  expulsion  of  a  column  of  water  and  steam  to  a  consideraUe 
height  in  the  air.  In  the  upper  Fire-hole  basin  of  the  Yellowstone 
Park  one  of  the  geysers,  named  **  Old  Faithful "  (Fig.  45),  has  ever 


Fko.  45. — ^ViKw  or  Old  Faithful  Getser,  and  othkes  in  the  distance, 
FntB  Hole  Biteb,  Yellowstone  Pabk. 

since  the  discovery  of  the  region,  sent  out  a  column  of  mingled  water 
snd  steam  every  sixty-three  minutes  or  thereabouts.  The  column  rushes 
np  with  a  loud  roar  to  a  height  of  more  than  100  feet,  the  whole  eruption 
not  occupying  more  than  about  five  or  six  minutes.  The  other  geysers 
of  the  same  district  are  more  capricious  in  their  movements,  and 
some  of  them  more  stupendous  in  tne  volume  of  their  discharge.   The 
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ernptions  of  the  CasUe,  Giant,  and  BeehiYO  vents  are  marrelloiiBly 
impressive.^ 

In  examining  the  Yellowstone  geyser  regicm  in  1879  the  aothor 
was  specially  strack  by  the  evident  independence  of  the  venta.  This 
was  shown  by  their  very  different  levels,  as  well  as  by  their  cfl^ridons 
and  unsympathetic  eruptions.  On  the  same  hill-slope  dozens  of  quiet 
pools,  as  well  as  some  troe  geysers,  w^re  noticed  at  different  levels, 
m>m  the  edge  of  the  Fire  Hole  Biver  up  to  a  height  of  at  least  80  feet 
above  it.  xet  the  lower  pools,  from  which,  of  course,  had  tiiere  been 
nnders^round  connection  between  the  different  vents,  the  drainage 
should  have  principally  discharged  itself^  were  often  found  to  be  qui^ 
steaming  pools  without  outlet,  while  those  at  higher  points  were 
occasionally  in  active  eruption.  It  seemed  also  to  make  no  difference 
in  the  height  or  tranquillity  of  one  of  the  quietly  boiling  cauldrons, 
when  an  active  projection  of  steam  and  water  was  going  on  from  a 
neighbouring  vent  on  the  same  gentle  slope. 

Bunsen  and  Descloiseaux  spent  some  days  experimenting  at  the 
Icelandic  geysers,  and  ascertained  that  in  the  Great  Geyser,  while  the 
surface  temperature  is  about  212°  Fahr.,  that  of  lower  portions  of  the 
tube  is  much  higher — ^a  thermometer  giving  as  high  a  reading  as  266^ 
Fahr.^  The  water  at  a  little  depth  must  consequentlv  be  54°  above  the 
normal  boiling-point,  but  it  is  kept  in  the  fluid  state \)y  the  pressure  of 
the  overlying  column.  At  the  basin,  however,  the  water  cools  quickly. 
After  an  explosion  it  accumulates  there,  and  eventually  begins  to  boiL 
The  pressure  on  the  column  below  being  thus  relieved,  a  portion  of 
the  superheated  water  flashes  into  steam,  and  as  the  change  passes 
down  the  pipe,  the  whole  column  of  water  and  steam  rushes  out  with 
great  violence.  The  water  thereafter  gradually  collects  again  in  the 
pipe,  and  after  an  interval  of  some  hours  the  operation  is  renewed. 
The  experiments  made  by  Bunsen  proved  the  source  of  the  eruptive 
action  to  lie  in  the  hot  part  of  the  pipe.  He  hung  stones  by  strings 
to  different  depths  in  the  funnel  of  the  geyser,  and  found  that  (mly 
those  in  the  higher  part  were  cast  out  by  the  msh  of  water, 
sometimes  to  a  neight  of  100  feet,  while  at  the  same  time  the 
water  at  the  bottom  was  hardly  disturbed  at  all.  These  observa- 
tions give  much  interest  and  importance  to  the  phenomena  of 
geysers  in  relation  to  volcanic  action.  They  show  that  the  eruptive 
force  is  steam;  that  the  water  column,  even  at  a  comparatively 
small  depth,  may  have  a  temperature  considerably  above  212^; 
that  this  high  temperature  is  local ;  and  that  the  eruptions  of  steam 
and  water  take  place  periodically,  and  with  such  vigour  as  to  eject 
large  stones  to  a  height  of  100  feet 

The  hot  water  comes  up  with  a  considerable  percentage  of  mineral 
matter  in  solation.     According  to  the  analysis  of  Sandberger,  water 

>  See  Hayden's  Beport  for  1870 ;  Comatook'a  Bepori  in  Joneses  Beoonnaiasiuioe  of 
N.  W.  Wyoming,  &o.,  1874. 

'  Comptes  Benduif  zxiii  (1846),  p.  934;  Pogg,  Annal,  Ixxii  (1847),  p.  159;  Izxziii. 
(1851)^  p.  197.    Ann.  Chimie,  xxxyIu.  (1853),  pp.  215,  885, 
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bom  the  Great  Geyser  of  Iceland  contains  in  10,000  parts  the 
following  proportions  of  ingredients :  silica  5097,  sodium  car- 
bonate 1*939,  ammoniam  carbonate  0*083,  sodium  sulphate  1*07, 
potassiam  sulphate  0*475,  magnesium  sulphate  0*042,  sodium 
chloride  2*521,  sodium  sulphide  0*088,  carbonic  acid  0*557, 
=  11 872.* 

As  soon  as  the  water  reaches  the  surface  and  begins  both  to  cool 
and  to  evaporate  it  deposits  the  silica  as  a  sinter  on  the  surfaces  over 
which  it  flows  or  on  which  it  rests.  The  deposit  naturally  takes  place 
fiMlest  along  the  margins  of  the  pools.  Hence  the  curiously  fretted 
rims  by  which  these  »ieets  of  water  are  surrounded,  and  the  tubular 
or  cylindrical  protuberances  wbiob  rise  from  the  growing  domes. 

In  coQise  of  time  the  network  of  unde]^;round  passages  undergoes 
Alteration.  Orifices  that  were  once  active  oease  to  erupt,  and  even  the 
water  bils  to  overflow  them.  Sinter  is  no  longer  formed  round  them, 
and  their  surfaces,  exposed  to  the  weather,  crack  into  fine  shaly  rubbish 
like  comminuted  oyster^shells.  Or  the  cylinder  of  sinter  grows  up- 
ward until,  by  the  continued  deposit  of  sinter  and  the  failing  force  of 
the  geyser,  the  tube  is  finally  filled  up»  and  then  a  dry  and  crumbling 
white  piUar  is  left  to  mark  the  site  of  the  extinct  geyser. 

§  3.  Structure  of  Volcanoea 

We  haTe  now  to  consider  the  manner  in  which  the  various  solid 
materials  ejected  by  volcanic  action  are  built  up  at  the  surface.  This 
JDqwy  will  be  restricted  here  to  the  phenomena  of  modem  volcanoes, 
moludmg  the  active  and  dormant  or  recently  extinct  phases. 
Obviowy,  however,  in  a  modem  volcano  we  can  study  only  the  upper 
and  external  portions,  the  deeper  and  fundamental  parts  being  still 
concealed  from  view.  The  interior  stracture  has  been  in  many  cases 
laid  open  among  the  volcanic  products  of  ancient  vents.  As  these 
belong  to  the  architecture  of  the  terrestrial  crust  they  are  described 
in  Book  IV.  The  student  is  therefore  requested  to  take  the  de- 
scriptions there  given  in  connection  with  the  foregoing  and  present 
sections  as  relatra  chapters  of  the  study  of  vuleanism. 

Confining  attention  at  present  to  modem  volcanic  action,  we 
find  that  the  solid  materials  emitted  from  the  earth's  interior  are 
arranged  in  two  distinct  types  of  stracture,  according  as  the  emptions 
proceed  from  local  orifices  or  from  an  extensive  system  of  fissures.  In 
the  former  case  volcanic  cones  are  produced ;  in  the  latter  volcanic 
plateaux  or  plains.  The  type  of  the  volcanic  cone  or  ordinary  volcano 
IS  now  the  most  abundant  and  best  known. 

1.  Voleante  Cones. 

From  some  weaker  point  of  a  fissure,  or  from  a  vent  opened 
directly  by  explosion,  voicamc  discharges  of  gases  and  vapours  with 
>  Aniial.  Ghem.  und  Pharm.  1847,  p.  49. 
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their  liquid  and  solid  accompaniments  make  their  way  to  the  sarfaoe 
and  gradually  baild  up  a  volcanic  hill  or  mountain.  Occasionally 
eruptions  have  proceeded  no  further  than  the  first  sU^e  of  gaseons 
explosion.  A  cauldron-like  cavity  has  been  torn  open  in  the  ground, 
and  ejected  fragments  of  the  solid  rocks  through  which  the  explosion 
has  emerged  have  fallen  back  into  and  round  the  vent.  Sabse- 
quently,  after  possible  subsidence  of  the  fragmentary  materials  in  the 
vent,  and  even  of  the  sides  of  the  orifice,  water  suppb'ed  by  rain  and 
filtering  from  the  neighbouring  ground  has  partially,  or  wholly,  filled 
up  the  cavitv.  In  this  way  a  lake  has  arisen  either  with  or  without 
a  su^rficial  outlet.  Under  favourable  circumstances,  vegetation 
creeping  over  bare  earth  and  stone,  may  so  conceal  all  evidence  of 
the  original  volcanic  action  as  to  make  the  quiet  sheet  of  water  look 
as  if  it  had  always  been  an  essential  part  of  tue  landscape.  Explosion 
lakes  of  this  kind  occur  in  districts  of  extinct  volcanoes  as  in  the  Eifel 
(inaare)^  central  Italy,  and  Auvergne.  A  remarkable  example  is 
supplied  by  the  Lonar  Lake  in  the  Indian  peninsula,  hau-way 
between  Bombay  and  Nagpiir.  It  lies  in  the  midst  of  the  volcanic 
plateau  of  the  Deccan  traps,  which  extend  around  it  for  hundreds  of 
miles  in  nearly  flat  beds  that  slightly  dip  away  from  the  lake.  An 
almost  circular  depression,  rather  more  than  a  mile  in  diameter,  and 
from  300  to  400  feet  deep,  contains  at  the  bottom  a  shallow  lake  of 
bitter  saline  water,  depositing  crystals  of  trona  (sesquicarbonate  of 
soda).  Except  to  the  north  and  north-east^  it  is  encircled  with  a  raised 
rim  of  irregularly  piled  blocks  of  basalt,  identical  with  that  of  the  beds 
through  which  the  cavity  has  been  opened.  The  rim  never  exceeds 
100  feet,  and  is  often  not  more  than  40  or  50  feet  in  height,  and 
cannot  contain  a  thousandth  part  of  the  material  which  once  filled 
the  crater.  No  other  evidence  of  volcanic  discharge  from  this  vent 
is  to  be  seen.  Some  of  the  contents  of  the  cavity  may  have  been 
ejected  in  finer  particles,  which  have  subsequently  been  removed  by 
denudation ;  but  it  seems  more  probable  that  the  existence  of  tl^ 
cavity  is  mainly  due  to  subsidence  after  the  original  explosion.^ 

In  most  cases  explosions  are  accompanied  by  the  expulsion  of  so 
much  solid  material  that  a  cone  gathers  round  the  point  of  emiHwon. 
As  the  cone  increases  in  height  by  successive  additions  of  ashes  or 
lava  to  its  surface,  these  volcanic  sheets  are  laid  down  upon  pro- 
gressively steeper  slopes.  The  inclination  of  beds  of  lava,  which 
must  have  originally  issued  in  a  more  or  less  L'quid  condition,  offered 
formerly  a  diflSculty  to  observers,  and  suggested  the  famous  theory  of 
Elevation-craters  (Erhebwhffskratere)  of  L.  von  Buch,'  K  de  Beaumont,' 
and  other  geologista  According  to  this  theory  the  ccmical  shape  of 
a  volcanic  cone  arises  mainly  fi^m  an  upheaval  or  swelling  of  the 

>  On  exploeion-craten  and  lakes,  see  8crope*8  Voleanoeg,  Leooq,  Epoqmm  CMpgiff^ 
de  VAuvergnej  tome  iv.;  compare  also  Vogelsang,  Vuieane  der  Ei/ei,  and  in  Nemm 
Jakrh.  1870,  pp.  199,  326,  460.  On  Lonar  Lake,  see  Malcdmson,  IVaiM.  ChoL  Sot. 
2nd  ser.,  t.  p.  562.    Medlicott  and  Blaodfbid'a  "^  Geology  of  India,**  p.  379. 

«  rogg.  Ann,  ix.,  x.,  xxxvii  p.  169. 

*  B^M.  Soe,  C^.  France,  It.  p.  357.    Anm.  de$  Jfinet,  ix.  and  x. 
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gromid  round  the  Tent  from  which  the  materials  are  finally  expelled. 
A  portion  of  the  earth's  crust  (repr^ented  in  Fig.  46  as  composed  of 
stratified  deposits,  ah  g  h)  was  belieyed  to  have  been  pushed  up  like 
a  huge  blister,  by  forces  acting  from  below  (at  e)  until  the  summit 
of  the  dome  gave  way  and  Tolcanic  materials  were  emitted.  At 
first  these  might  only  particJly  fill  the  cavity  (as  at/),  but  subsequent 
eruptions,  if  sufficiently  copious,  would  cover  over  the  truncated  edges 
of  toe  pre-volcanio  rocks  (as  at  ff  aild  A),  and  would  be  liable  to  further 
opheaval  by  a  renewal  of  the  original  upward  swelling  of  iJie  site. 


,.^-^.  '-^' . /T- 


:^i^?:^^-- 


Pio.  46.— SBcnoir  iLLrnBATivx  of  the  Eletation-cbateb  Theobt. 

It  was  a  matter  of  prime  importance  in  the  interpretation  of 
volcanic  action  to  have  this  question  settled.  To  Poulett  Scrope, 
LyelJ,  and  Constant  Prevo&t  belongs  the  merit  of  disproving  the 
Crater-elevation  theory.  Prevost  pointed  out  that  there  was  no  more 
reason  why  lava  should  not  consolidate  on  steep  slopes  than  that 
tears  or  drops  of  wax  should  not  do  so.^  Scrope  also  showed  con- 
clusively that  the  steep  slope  of  the  lava-beds  of  a  volcanic  cone  was 
original.'  Lyell,  in  successive  editions  of  his  works,  and  subsequently 
by  an  examination  of  the  Canary  Islands  with  Hartung,  brought 
forward  cogent  arguments  against  the  Elevation-crater  theonr.'  A 
comparison  of  Fig.  46  with  Fig.  47  will  show  at  a  glance  the  difi^rence 
between  this  theory  and  the  views  of  volcanic  structure  now 
umversally  accepted.  The  steep  declivities  on  which  lava  can 
actually  consolidate  have  been  referred  to  on  p.  228. 

The  cone  grows  by  additions  made  to  its  surface  during  successive 
emptionB.  Its  angle  of  slope  depends  mainly  upon  the  angle  of 
repose  of  the  erupted  materials,  out  is  apt  to  be  modified  by  the 
effect  of  rain  and  torrents,  in  sweeping  down  the  loose  detritus  and 
excavating  ravines  on  the  sides  of  the  cone.^ 

«  CompUt  RenduB,  I  (ISSS)  460;  zli.  (1855)  p.  919.  O^d.  8oe,  France:  M^moiret, 
ii.  p.  105,  ukd  BmH  xIt.  217.    Soettt^  PhUom.  Paris,  Proe.  Verb.  1848,  p.  13. 

*  Cmdderaiumt  on  VoUsanoe$,  1825.     Quart.  Joum.  Oeol  8oe,  zii  p.  326. 
■  Pka.  Trans,  1858,  p.  703. 

*  Od  the  dopes  of  Tolcaulo  cones,  see  J.  Hilne,  Geol.  Mag.  1878.  p.  339;  1879, 
p.  50S. 
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The  crater  doubtless  owes  its  geoerally  circalar  form  to  the  equal 
expansion  in  all  directions  of  the  explosiye  yaponrs  from  below.  In 
some  of  the  mud-cones  already  noticed  the  crater  is  not  more  than  a 
few  inches  in  diameter  and  depth.  From  this  minimum  eyery 
gradation  of  size  may  be  met  with,  up  to  huge  precipitous  depres- 
sions, a  mile  or  more  in  diameter^and  several  tnousand  feet  in  depth. 
In  the  crater  of  an  active  volcano,  emitting  lava  and  scoriae,  like 
Vesuvius,  the  walls  are  steep,  rugged  cliSs  of  scorched  and  blasted 
rock — ^red,  yellow,  and  black.    Where  the  material  erupted  is  only 


K^> 


FlQ.  47.— DlAOBAM-BBCmON  OF  A  NORMAL  VoLOAKO. 

X  Xf  Pro-voloanio  platform,  suppoBed  herd  to  consist  of  upraised  stratified  rocks,  broken 
tbrough  by  the  fumel  /,  from  'which  the  cone  of  volcanic  materials  e  e  haa  been 
erupted.  Inside  the  crater  v,  preyionslv  cleared  by  some  great  ezploeion,  a 
minor  cone  may  be  formed  dunlig  feebler  phases  of  volcanic  action,  and  this 
inner  cone  may  increase  in  size  until  the  original  cone  is  built  up  again,  as 
shown  by  the  dotted  lines. 

loose  dust  and  lapilli,  the  sides  of  the  crater  are  slopes,  like  those  of 
the  outside  of  the  cone. 

The  crater  bottom  of  an  active  volcano  of  the  first  class  forms  a 
rough  plain  dotted  over  with  hillocks  or  cones,  from  many  of  which 
steam  and  hot  vapours  are  ever  rising.  At  night  the  glowing  lava 
may  be  seen  lying  in  these  vents,  or  m  fissures,  at  a  depth  of  only  a 
few  feet  from  the  surface.  Occasional  intermittent  eruptions  take 
place  and  miniature  cones  of  slag  and  scorisB  are  thrown  up.  In  some 
instances,  as  in  the  vast  crater  of  Gurung  Tengger,  in  Java,  the 
crater  bottom  stretches  out  into  a  wide  level  waste  of  volcanic  sand, 
driven  by  the  wind  into  dunes  like  those  of  the  African  deserts. 

A  volcano  commonly  possesses  one  chief  crater,  often  also  many 
minor  ones,  of  varying  or  of  nearly  eaual  size.  The  volcano  of  the 
Isle  of  Bourbon  has  tnree  craters.  Is  ot  infrequently  craters  appear 
successive! jr,  owing  to  the  blocking  up  of  the  pipe  below.  Thus  in  the 
accompanying  plan  of  the  volcanic  coue  of  the  island  of  Yolcanello 
(l^i^.  48),  one  of  the  Lipari  group,  the  volcanic  funnel  has  shifted  its 
position  twice,  so  that  three  craters  have  successively  appeared  upon 
the  oone,  and  partially  overlap  each  other.  It  may  oe  from  this 
cause  that  some  volcanic  mountains  are  now  destitute  of  craters^  or 
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in  other  cases,  because  the  lava  has  welled  out  in  dome  form  without 
the  productioii  of  scorisB.  Mount  Ararat,  for  example,  is  said  to 
haye  no  crater;  bat  so  late  as  the  year  1840  a  fissure  opened  on 
its  side  whence  a  considerable  eruption  took 
place. 

Though  the  interior  of  modem  volcanic 
OQDes  can  be  at  the  best  but  very  partially 
examined,  the  study  of  the  sites  of  long- 
extinct  cones  laid  bare  after  denudation  shows 
that  subsidence  of  the  ground  has  commonly 
taken  place  at  and  round  a  vent.  Evidence 
of  subsidence  has  also  been  observed  at  some 
modem  volcanoes  {ante  p.  232).  Theoretically 

two  causes  may  be  assigned  for  this  structure.  ^'<*-  *8.— Plah  of  Volga- 
In  the  first  place  the  mere  piling  up  of  a  SS^eiyToISL.™^ 
huge  mass  of  material  round  a  given  centre 

tends  to  press  down  the  rock  underneath,  as  some  railway  embank- 
ments may  be  observed  to  have  done.  This  pressure  must  often 
amount  to  several  hundred  tons  on  the  square  foot.  In  the  second 
place  the  expulsion  of  volcanic  material  to  the  surface  must  leave 
cavities  underneath  into  which  the  overlying  crust  will  naturally 
gravitate.  These  two  causes  combined,  as  suggested  by  Mr.  Mallet, 
afford  a  probable  explanation  of  the  saucer-shaped  depressions  in 
which  many  ancient  and  some  modem  vents  appear  to  lie.^ 

The  following  are  the  more  important  types  of  volcanic  cones  :^ — 

1.  Cones  of  Non-volcanic  Materials. — These  are  due  to  the 
discharge  of  steam  or  other  aeriform  product  through  the  solid 
ernst  without  the  emission  of  any  tme  ashes  or  lava.  The  materials 
ejected  from  the  cavity  are  wholly,  or  almost  wholly,  parts  of  the 
sarrounding  rocks  through  which  tue  volcanic  pipe  has  oeen  drilled. 
Some  of  the  cones  surrounding  the  crater-lakes  (maare)  of  the  Eifel 
consist  chiefly  of  fragments  of  the  underlying  Devonian  slates. 

2.  Tuff-ConeB,  Cinder-Cones. — Successive  emptions  of  fine 
dust  and  stones,  often  rendered  pasty  by  mixture  witn  the  water  so 
copiously  condensed  during  an  eruption,  form  a  cone  in  which  the 
materials  are  solidified  by  pressure  into  tuff.  Cones  made  up  only 
of  loose  cinders,  like  Monte  Nuovo  in  the  Bay  of  Baisa,  often  arise 
on  the  flanks  or  round  the  roots  of  a  great  volcano,  as  happens  to  a 
small  extent  on  Vesuvius,  and  on  a  hirger  scale  upon  Etna.    They 

1  Mhllet,  Q.  /.  Otci.  8oe.  xxxiii.  p.  740.  See  also  the  acoonnt  of  **  Yolcanio  Necks," 
in  Bonk  lY.  Part  tiL 

'  Yon  Seebcujh  (Z.  Deuttch.  Oeol,  Ges,  xviii.  644)  disiingniahed  two  volcanic  types. 
1ft,  Bedded  Volcanoes  (Btrato-YulkaDe),  composed  of  snoceasiTe  sheets  of  lavas  and  tufiBs, 
and  emhndng  the  great  majority  of  yolcanoes.  2nd,  Dome  Volcanoea,  forming  hills 
eomposed  of  homogeneous  protroaions  of  lava,  with  little  or  no  accompanying  fragmentary 
dittDargefl.  without  craters  or  chimneys,  or  at  least  with  only  minor  examples  of  these 
▼oleasic  fflatnree.  He  believed  that  the  same  Tolcano  might  at  different  periods  in  its 
iiirtory  belong  to  one  or  other  of  these  types — the  determining  canse  being  the  nature 
of  the  eraptea  lava,  which,  in  the  case  of  the  dome  volcanoes,  is  less  fnsible  and  more 
viadd  than  in  that  of  the  bedded  volcanoes. 
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likewise  occar  by  themselyes  apart  from  any  laya-producing  volcano, 
though  usually  they  afford  indic^ations  that  columns  of  utva  have 
risen  in  their  funnels,  and  even  now  and  then  that  this  lava  has 
reached  the  surfece. 

The  cones  of  the  Eifel  district  have  long  been  celebrated  for  thdr 


wonderful  perfection.  Though  small  in  size  they  exhibit  with 
singular  clearness  many  of  the  leading  features  of  volcanic  stractnre. 
Those  of  Auvergne  are  likewise  exceedingly  instructive.^  The  high 
plateaux  of  Utah  are  dotted  with  hundreds  of  small  volcanic  cinder^ 
ooneSy  the  singular  positions  of  which,  close  to  the  edge  of  profound 


*  Scrope,  <*  Geology  and  Exiinot  Volcanoes  of  Central  France/'  2nd  edit,  1858 
Hibbert,  *•  History  of  the  Extinct  Volcanoes  of  the  Basin  of  Neuwied  oo  the  Lowei 
Rhine,"  Edin.  1832.  Von  Dechen,  *' Qeognostisoher  FOhrer  za  dem  Laacber  See," 
13oun,  1864.    **  Oeognostischer  Fiihrer  in  das  8iebcngebirge  am  Rhein/*  Bonn,  1861. 
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ri?er-gor;^  and  on  the  upthrow  side  of  faults,  have  already  (p.  210) 
been  noticed.  Among  the  Carboniferous  Tolcanic  rooks  of  central 
Sootland  the  stamps  of  ancient  tuff-cones,  frequently  with  a  central 
core  of  basalt,  or  with  dykes  and  veins  of  that  rock,  are  of  common 

OOdUTBDCe.^ 

The  materials  of  a  taff-cone  are  arranged  in  more  or  less  re- 
gularly stratified  beds.  On  the  outer  side  tney  dip  down  the  slopes 
of  the  cone  at  the  average  angle  of  repose,  whicn  may  range  between 
3(f  and  40^.  From  the  summit  of  the  crater  lip  they  likewise  dip 
inward  toward  the  crater-bottom  at  similar  angles  of  inclination 
(Kg.  50). 

'6.  Mad-cones  resemble  tuff-cones  in  form,  but  are  usaally 
nnaller  in  size  and  less  steep.    They  are  produced  by  the  hardening 


^::^  '^^ 


Fig.  50. — BccnoN  or  the  Gbateb*bim  of  ths  Islavp  of  Yoloano. 
Oj  Older  tuff ;  hb,  younger  ashes ;  the  crater  Uee  to  the  right. 

of  sacoeasive  outpourings  of  mud  from  the  orifices  already  described 
(p.  234).  In  the  region  of  the  Lower  Indus,  where  they  are  abun- 
oantly  distributed  over  an  area  of  1000  square  miles,  some  of  them 
attain  a  height  of  400  feet,  with  craters  30  yards  across.' 

4.  Lava-coxiea. — ^Volcanic  cones  composed  entirely  of  lava  are 
comparatively  rare,  but  occur  in  some  younger  tertiary  and  modem 
volcanoes.  Fouqu6  describes  the  lava  of  1866  at  Santorin  as  having 
formed  a  dome-shaped  elevation,  fiowing  out  quietly  and  rapidly 
without  explosions.  After  several  days,  however,  its  emission  was 
accompanied  with  copious  discbarges  of  fragmentary  materials  and 
the  formation  of  several  crateriform  mouths  on  the  top  of  the  dome. 
Dome-shaped  protrusions  of  trachyte  occur  in  the  Auvergne  and 
Eifel  distncts,  where  their  existence  hats  been  referred  to  the  more 
infusible  and  viscid  character  of  their  component  lavas,  and  to  the 
absence  of  scoriae  and  ashes.^  Where,  however,  the  melted  rock 
possesses  extreme  liquidity,  and  gives  rise  to  little  or  no  fragmentary 
matter  it  may  also  build  up  a  low  cone  as  in  the  remarkable  examples 
described  by  Dana  from  the  Hawaii  Islands.^    On  the  summit  of 

'  Trtau.  Bay.  800.  Edin,  xxix.  p.  455.    Bee  podea.  Book  IV.  Part  VU. 

•  LyeU,  Prineiplesy  ii.  p.  77. 

'  See  auto,  pp.  224, 243,  note ;  also  the  remarks  upon  *«  Yulkanische  Koppon,"  poHsa, 
p.2i)6. 

*  In  Wflkea'a  BepoH  of  V.  8.  Exphring  Expedition,  1838-42. 
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Ifauna  Loa  (Fig.  51),  a  flat  lava-cone  13,760  feet  above  the  sea, 
lies  a  crater,  which  in  its  deepest  part  is  about  8000  feet  broad,  with 
vertical  walls  of  stratified  lava  rising  on  one  side  to  a  height 
of  784  feet  above  the  black  lava-plain  of  the  crater-bottom. 
From  the  edges  of  this  elevated  cauldron  the  mountain 
slopes  outward  at  an  angle  of  not  more  them  6^  until  at  a 
level  of  about  10,000  feet  lower,  its  surfiEtce  is  indented  by 
the  vast  pit-crater,  Kilauea,  about  two  miles  long,  and 
nearly  a  mile  broad.     So  low  are  the  surroundijig  slopes 
that  diese  vast  craters  have  been  compared  to  open  quarries 
on  a  hill  or  moor.     The  bottom  of  Kilauea  is  a  lava-plain, 
dotted  with  lakes  of  extremely  fluid  lava  in  constant  eoulli- 
^       tion.    The  level  of  the  lava  has  varied,  for  the  walls  sor- 
I       rounding  the  fiery  flood  consist  of  beds  of  similar  lava,  and 
I       are  marked  by  ledges  or  platforms  (Fig.  52),  indicative  of 
^   .   former  successive  heights  of  lava,  as  lake-terraces  show 
^  ^   former  levels  of  water.^     In  the  accompanying  section 

I  ^ 


^1 


Fio.  52.— Plan  of  LAVA-CAtLDBOir,  Kilauba,  Hawau  (Dava). 

(Fig.  53)  the  walls  rising  above  the  lower  pit  (p  p")  were 
found  to  be  342  feet  high,  tliose  bounding  the  higher 
terrace  (p  n  rt!  o')  were  650  feet  high,  all  bemg  composed 
of  innumerable  beds  of  lava,  as  in  cliffs  of  stratified  rock& 


Fio.  63.— Section  of  Lava  Tebbaces  m  Kllalka  (Daka). 

Much  of  the  bottom  of  the  lower  lava-plain  has  been 
crusted  over  bv  the  solidification  of  the  molten  rock.    Bat 
large  areas  which  shift  their  position  from  time  to  time 
remain  in  perpetual  rapid  ebullition.    The  glowing  flood,  as  it  boils 

'  EUis,  Polynesian  Researches. 
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Dp  with  a  flaiditj  more  like  that  of  water  than  what  is  commonly 
shown  by  molten  rock,  surges  against  the  surrounding  terrace  walls. 
Large  segments  of  the  cliffs  undermined  by  the  fusion  of  their  base, 
£dl  at  intervals  into  the  fiery  waves  and  are  soon  melted. 

5.  Cones  of  Tuff  and  Lava. — This  is  by  far  the  most  abundant 
type  of  volcanic  structure,  and  includes  the  great  volcanoes  of  the 
globe.  Beginning,  perhaps,  as  mere  tuff-cones,  these  eminences  have 
giadually  been  buUt  up  by  successive  outpourings  of  lava  from 
oifferent  sides,  and  by  showers  of  dust  and  scoriad.  At  first  the  lava, 
if  the  sides  of  the  cone  are  strong  enough  to  resist  its  pressure,  may 
rise  mitil  it  overflows  from  the  crater.  Subsequently,  as  the  Amnel 
becomes  choked  up,  and  the  cone  is  shattered  by  repeated  explosions, 
the  lava  finds  egress  from  different  fissures  and  openings  on  tne  cone. 
As  the  mountain  increases  in  height^  the  number  of  lavarcurrents 
from  its  summit  will  usually  decrease.  Indeed,  the  taller  a  volcanic 
cone  grows  the  less  frequently  as  a  rule  does  it  erupt.  The  lofty 
volcanoes  of  the  Andes  have  each  seldom  been  more  than  once  in 
ernption  during  a  century.    The  peak  of  Teneriffe  (Fig.  54)  was  three 


Fio.  54.— Plah  of  thx  Suipcit  of  thb  Peak  of  Tshbbiffb,  bhowimo  the  labge 

GEATEB  ASD   MINOB  00NE8. 

times  active  during  370  years  prior  to  1798.  The  earlier  efforts  of  a 
volcano  tend  to  increase  its  height,  as  well  as  its  breadth ;  the  later 
eroptions  chiefly  augment  the  breadth,  and  are  often  apt  to  diminish 
tbe  height  by  blowiDg  away  the  upper  part  of  the  cone.  The  forma- 
tion of  fiisures  and  tne  consequent  intrusion  of  a  network  of  lava- 
dykes,  tend  to  bind  the  framework  of  the  volcano  and  strengthen  it 
against  subsequent  explosions.  In  this  way  a  kind  of  oscillation  is 
established  in  the  form  of  the  cone,  periods  of  crater  eruptions  being 
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succeeded  by  others  when  the  emissions  take  place  only  laterally 
{ante,  p.  214). 

One  consequence  of  lateral  eruption  is  the  formation  of  minor 
parasitic  cones  on  the  flanks  of  the  parent  volcano  (p.  198).  Those 
on  Etna,  more  than  200  in  number,  are  really  miniature  volcanoes, 
some  of  them  reaching  a  height  of  700  feet.  As  the  lateral  vents 
successively  become  extinct,  the  cones  are  buried  under  sheets  of 


EUa  I^Z]   G-3 

Fig.  55.— Map  of  Etna,  after  S.  von  Waltebshaubkn. 
1,  LftTft  of  1879;   2,  Lavas  of  1865  and  1852;  3,  Laya  of  1669;  4,  Recent  LaTts; 
5,  Lavas  of  the  Middle  Ages;  6,  Ancient  Lavas  of  unknown  date;  7.  Cones  and 
Craters ;  8,  Non-volcanic  B^ks. 

lava  and  showers  of  debris  thrown  out  from  younger  openings  or  finom 
the  parent  cone.  It  sometimes  happens  that  the  original  funnel  is 
disused,  and  that  the  eruptions  of  the  volcano  take  place  from  h 
newer  main  vent.  Vesuvius,  for  example  (as  shown  in  Fig.  56), 
stands  on  the  site  of  a  portion  of  the  rim  of  the  more  ancient  and 
much  larger  vent  of  Monte  Somma.  The  pretty  little  example  of 
this  shifting  furnished  by  Yolcanello  has  been  already  noticed  (p.  243). 
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While,  therefore,  a  volcano,  and  more  particularly  one  of  ^great 
size,  throwing  oat  both  lava  and  frs^mentary  ^        4  o  _, 

materials,  is  liable  to  continual  modincation  of 
its  external  form  as  the  result  of  snooessiye 
eraptions,  its  contour  is  likewise  usually  ex-' 
posed  to  extensive  alteration  by  the  effects  of 
ordinary  atmospheric  erosion  as  well  as  from 
the  condensation  of  the  volcanic  vapours. 
Heayy  and  sudden  floods  produced  by  the 
rapid  rainfall  consequent  upon  a  copious  dis- 
duuge  of  steam,  rush  down  the  flanks  of  a 
Tolcano  with  such  volume  and  force  as  to  cut 
deep  gullies  in  the  loose  or  only  partially  con- 
solioated  tu£b  and  scoriae.  Ordinary  rain  con- 
tinues the  erosion  ipitil  the  oater  slopes,  unless 
oocasionally  renewed  bv  fresh  showers  of  de- 
tritos,  assume  a  curiously  furrowed  aspect,  like 
a  half-opened  umbrella,  the  furrows  being 
separatea  by  ridges  that  narrow  upwards  t(^ 
wards  the  summit  of  the  cone.  The  outer 
dedirities  of  Monte  Somma  afibrd  an  excel- 
l^t  illastration  of  this  form  of  surface,  the 
nomerous  ravines  on  that  side  of  the  mountain 
presenting  instructive  sections  of  the  prehis- 
toric lavas  and  tuffs  of  the  earlier  and  more 
important  period  in  the  history  of  this  volcano. 
Similar  trenches  have  been  eroded  on  the 
southern  or  Vesuvian  side  of  the  original  cone, 
but  these  have  in  great  measure  been  filled 
up  by  the  lavas  of  the  younger  mountain.  ^  ^  ^  , 

Tne  ravines  in  fact  form  natural  channels  for  \  ^   ^^1 

the  lava,  as  may  unfortunatelv  be  seen  round 
the  Vesuvian  observatory.  The  building  was 
placed  on  one  of  the  ridges  between  two  deep 
ravines ;  but  the  lava  streams  of  recent  years 
have  poured  into  these  ravines  on  either  side 
and  are  rapidly  filling  them  up» 

6.  Sabmajrine  Volcanoes. — ^It  is  not  only 
on  the  surface  of  the  land  that  volcanic 
action  shows  itself.  It  takes  place  likewise 
uoder  the  sea,  and  as  the  geological  records  of 
the  earth's  past  history  are  chiefly  marine  for- 
mations, the  characteristics  of  submarine  vol- 
canic action  have  no  small  interest  for  the 
geologist.  In  a  few  instances  the  actual  out- 
break of  a  submarine  eruption  has  been  wit- 
nessed. Thus  in  the  early  summer  of  1783  a 
volcanic  eruption  took  place  about  thirty  miles  from  Cape  Beykjanaes 
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on  the  west  coast  of  Iceland.  An  island  was  built  np,  from  which  fire 
and  smoke  continued  to  issae,  bat  in  less  than  a  year  the  wayes  had 
washed  the  loose  pamice  away,  leaving  a  submerged  reef  from  fiye 
to  thirty  fathoms  telow  sea-leyel.  About  a  month  after  this  eruption 
the  frightful  outbreak  of  Skaptar  JokuU  already  (p.  224)  refiscred  to 
began,  the  distance  of  this  mountain  from  the  submarine  Tent  being 
nearly  200  miles.^  Again  in  the  year  1831,  a  new  Tolcanic  island 
(Graham's  Island,  He  Julia)  was  thrown  up,  with  abundant  discharge 
of  steam  and  showers  of  scoriie,  between  Sicnly  and  the  coast  of  Africa. 
It  reached  an  extreme  height  of  200  feet  or  more  aboye  the  Bea-le?el 
(800  feet  aboye  sea-bottom)  with  a  circumference  of  3  miles,  but  <m 
the  cessation  of  the  eruptions  was  attacked  by  the  waves  and  soon 
demolished,  leaving  only  a  shoal  to  mark  its  site.'  In  the  year  1811 
another  island  was  formed  by  submarine  eruption  off  the  coast  of 
St.  Michaers  in  the  Azores.     Ccmsisting,  like  the  Mediterranean 


Fio.  57.— 43KKTCH  or  SiBiiABoni  VoLCAVfo  Ebuttiov  (Sabbdia  l8LAjn>)  on 
8t.  Mighakl'8,  Juvb,  1811. 

example,  of  loose  cinders,  it  rose  to  a  height  of  about  300  feet  with  a 
circumference  of  about  a  mile,  but  sub^uentl^r  disappeared'  In 
the  year  1796  the  island  of  Johanna  Bogoslawa  in  Alasfca  appeared 
above  the  water  and  in  four  years  had  grown  into  a  large  volcanic 
cone,  the  summit  of  which  was  3,000  feet  above  sea-leveL^ 

Unfortunately,  the  phenomena  of  recent  volcanic  eruptions  under 

>  LyeU,  Principle$,  iL  p.  49. 

*  PhU.  IVaiu.  1832.    Conitant  PieTOsi,  Anm.  de$  SeL  NaL  xxiy.    M^wl  Soe.  CM. 
FranMf  ii.  p.  91. 

*  I>e  la  Beohe,  CM.  OU,  p.  70. 

«  D.  Forbee,  QeoL  Mag.  vii  p.  333. 
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tbe  aea  are  for  the  most  part  inaccessible.  Here  and  there,  as  among 
the  islands  of  the  Greek  Archipelago  and  at  Tahiti,  elevation  of  the 
aeikbed  has  taken  place,  and  brought  to  the  surface  beds  of  lava 
which  had  been  erupted  and  had  consolidated  under  water.  It 
will  be  seen  from  the  accompanying  chart  (Fig.  58),  that  the  islands 
of  Santorin  and  Therasia  form  the  unsubmerged  portions  of  a  great 
erateiwrim  rising  round  a  crater  which  descends  1278  feet  below  sea- 
level.  The  materials  of  these  islands  consist  of  a  nucleus  of  marbles 
and  schists  nearly  buried  under  a  pile  of  tufis  (trass),  scorisB  and 


FiQ.  5S.— Map  or  PABTULLT-suBiaBOED  Volcano  of  Samtobin. 

«.  Then,  or  Santorin ;  b,  Therasia ;  0,  Mikro  Kaimeni ;  d,  Neo  KaimenL     The  figaree 
denote  eonndingB  in  &thomB,  the  doited  line  inorks  the  100  fathome  line, 

sheets  of  lava,  the  bedded  character  of  which  is  well  shown  in  the 
acoompanying  sketch  by  Admiral  Spratt  (Fig.  59),  who  with  the  late 
Professor  £dward  Forl)es  examined  the  geology  of  this  interesting 
district  in  1841.  They  found  some  of  the  tuffs  to  contain  marine 
shells  and  thus  to  bear  witness  to  an  elevation  of  the  sea-floor  since 
Tolcanic  action  began«  More  recently  the  islands  have  been  carefully 
stadied  by  various  observers.  E.  von  Fritsoh  has  found  recent 
aarioe  shells  in  many  places  up  to  heights  of  nearly  600  feet  above 
the  sea.  The  strata  containing  these  remains  he  estimates  to  be  at 
least  100  to  120  metres  thick,  and  he  remarks  that  in  every  case  he 
found  them  to  consist  essentially  of  volcanic  debris  and  to  rest  upon 
volcanic  rocks.  It  is  evident  therefore  that  these  shell-bearing  tuffs 
were  originally  deposited  on  the  sea-floor  after  volcanic  action  had 
begun  here,  and  that  during  later  times  they  were  upraised,  together 
with  the  submarine  lavas  associated  with  them.^    Fouqu6  concludes 

*  8ee  FritMsh,  Z,  DetUmih.  Qtcl  Ge$,  zxUL  (1871)  pp.  125-2ia  The  moet  complete 
•od  ekborate  work  is  Fonqo^B  monogreph  (alreatJy  cited),  **  Santorin  et  sea  Braptiona," 
Ptfia,  4to,  1^0,  where  oopioua  analysee  of  rooks,  minerals,  and  gaseoos  emanations,  with 
Biapi  and  nomerons  admirable  views  and  sections,  are  giyen.  In  this  yolome  a  biblio- 
gnpby  of  the  kioality  will  be  found. 
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that  the  Tolcano  bnned  ftt 
one  time  a  laige  island  with 
wooded  slopes,  and  a  some- 
what ciyilized  human  popu- 
lation, cnltiTating  a  fertQe 
Talley  in  the  soath-westem 
district,  and  that  in  pre-his- 
toric  times  the  tremendous 
explosion  occurred  whereby 
the  centre  of  the  island  was 
blown  ont. 

The  similarity  of  the 
stmctnre  of  Santorin  to  that 
of  Somma  is  obvioos.  Vol- 
canic action  still  oontinQes 
there,  though  on  a  dimin- 
ished scale.  Li  186&-67  an 
eruption  took  place  on  Neo 
Eaimeni,  one  of  the  later- 
formed  islets  in  the  centre  of 
the  old  crater,  and  greatly 
added  to  its  area  and  hei^t 

The  recent  eruptions  of 
Santorin,  which  have  been 
studied  in  great  detail,  are 
specially  interesting  from  the 
additioiud  information  they 
have  supplied  as  to  the 
nature  of  volcanic  Tapoun 
and  gases.  Among  these,  ss 
alre^y  stated  (p.  201),  free 
hydrogen  plays  an  important 
part,  constituting  at  the 
focus  of  discharge  thirty  per 
cent  of  the  whole.  By  their 
eruption  under  water  the 
mingling  of  these  eases  with 
atmospheric  air  and  the  com- 
bustion of  the  inflammaUe 
compounds  is  there  preven- 
ted, 80  that  the  gaseous  dis- 
charges can  be  collected  and 
analysed.  Probably  were 
operations  of  this  kind  more 
practicable  at  terrestrial  vol- 
canoes free  hydrogen  and  its 
compounds  would  be  more 
abundantly  detected  than  has 
hitherto  been  possible. 
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The  naineioQS  volcanoes  which  dot  the  Pacific  Ocean,^  probably 
in  most  cases  be^an  their  career  as  submariDe  vents,  their  eventual 
appeanmoe  as  snbaerial  cones  being  due  to  the  accumulation  of 
empted  material,  and  perhaps,  also,  as  in  the  case  of  Santorin,  to  actual 
npheaval  of  the  sea-bottonu  The  lonely  island  of  St  Paul  *  (Fig.  60), 
lying  in  the  Indian  Ocean  more  than  2000  miles  from  the  nearest 
land,  is  a  notable  example  of  the  summit  of  a  volcanic  mountain 
riaiDg  to  the  sea-level  m  mid-ocean.  Its  circular  crater,  broken 
down  pn  the  north«east  side,  is  filled  with  water,  having  a  depth  of  30 
fathoms. 

fiecent  observations  by  Yon  Drasche  have  shown  that  at  B^union, 
durine  the  early  submarine  eruptions  of  that  volcano  coarsely 
erysttuline  rocks  (gabbro)  were  emitted,  that  these  were  succeeded  by 
andesitic  and  trackytic  lavas :  but  that  when  the  vent  rose  above  the 
sea  basalts  were  poured  ont.^  It  is  interesting  to  find  that  the  order 
of  appearance  of  the  lavas  in  a  submarine  volcano  so  closely  resembles 


Fio.  60. — Volcanic  Ghatkb  or  St.  Paul  Islaiid,  Indian  Ooian. 

that  generally  noticed  in  terrestrial  volcanic  districts.  Fouque 
observes  that  at  Santorin  some  of  the  early  submarine  lavas  are 
identical  ^th  those  of  later  subaerial  origin,  but  that  the  greater 
part  of  them  belong  to  an  entirely  difierent  series,  being  acid  rocks, 
oeloDging  to  the  group  of  homblende-andesites,  while  the  subaerial 
rocks  are  augite-andesites.  The  acidity  of  these  lavas  has  been 
largely  increased  by  the  infusion  into  them  of  much  silica,  chiefly  in 
the  form  of  opal.  They  differ  much  in  aspect,  being  sometimes 
compact,  scoriaceous,  hara  like  roillstoue,  with  perlitic  and  spheru- 
litic  structures,  while  they  frequently  present  the  characters  of  trass 
impregnated  with  opal  and  zeolites.  Among  the  fragmental  ejections 
there  occur  blocks  of  schist  and  granitoid  rocks,  probably  repre- 
senting the  materials  below  the  sea-floor  through  which  the  nrst 

'  See  Darwin's  <<  Yolcantc  lalandfl,''  2nd  edit,  1876. 

*  See  Auoc  Fran^aUe,  It.  p.  581. 

*  TBohemuik's  MineraJogUehe  MiHheil  1876,  pp.  42,  157,  give  an  interesting 
aeemint  of  the  PhiUppine  Toioanoes.  A  similar  stracture  occurs  at  Palma.  Cohen. 
Nemt  Jakrb.  1879,  p.  482. 
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exploBion  took  place  (p.  206).  Doriog  the  ernption  of  1866,  some 
islets  of  laya  rose  above  the  sea  in  the  middle  of  the  bay,  near  the 
actiye  Tent.  The  rock  in  these  cases  was  compact,  Titieoos,  and 
mnch  cracked.^ 


Fio.  61.— View  of  thk  Pkak  of  TnrBBim  avd  Coast  Ebooqv. 

Among  submarine  yoleanic  formations  the  tnffs  differ  from  thoae 
laid  down  on  land  chiefly  in  their  oivanic  contents ;  but  partly  also 
in  their  more  distinct  and  originally  less  inclined  bedding  and  id  their 
tendency  to  the  admixture  of  non-volcanic  or  ordinary  mechanical 
sediment  with  the  volcanic  dust  and  stones.  No  appreciable  differ- 
ence either  in  external  aspect  or  in  internal  stmcture  seems  yet  to 
have  been  established  between  snbaerial  and  submarine  lavaa. 
Some  undoubtedly  submarine  lavas  are  highly  scoriaceous.  There 
is  no  reason  indeed  why  slagCT  lava  and  loose,  non-buoyant  soorie 
should  not  accumulate  under  the  pressure  of  a  deep  column  of  the 
ocean.  At  the  Hawaii  Islands,  on  25th  February  1877,  masses  of 
pumice,  during  a  submarine  volcanic  explosion,  were  ejected  to  the 
surface,  one  of  which  struck  the  bottom  of  a  boat  with  considerable 
violence  and  then  floated.  When  we  reflect,  indeed,  to  what  a  con- 
siderable extent  the  bottom  of  the  great  ocean  basins  is  dotted  over 
with  volcanic  cones,  rising  often  solitary  from  profound  depths,  we  can 
believe  that  a  hirge  proportion  of  the  actual  eruptions  in  oceanic  areas 
roav  take  place  under  the  sea.  The  immense  abundance  and  wide 
diffusion  of  volcanic  detritus  over  the  bottom  of  the  Pacific  and 
Atlantic  oceans,  even  at  distances  remote  from  land,  as  made  known 
by  the  voyage  of  the  **  Challenger,"  doubtless  indicate  the  prevalence 
and  persistence  of  submarine  volcanic  action,  even  though,  at  the 
same  time,  an  extensive  diffusion  of  volcanic  debris  from  tne  islands 
is  admitted  to  be  effected  by  winds  and  ocean-currents. 

>  Fooqn^  Op.  HL 
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Volcanic  islands,  unless  continually  augmented  by  renewed 
enmtionSy  aro  attacked  by  the  waves  and  cut  down.  The  examples 
of  Graham's  Island  and  Sabrina  above  cited  show  how  rapid  this 


/  «•  d  c  la 

Fia.  62.  YiKW  of  St.  Paul  Island,  Indian  Ooean,  from  thi  East  (Capt. 
Blackwood  in  Abmibai/it  Ghabt). 

«,  Nine-pin  Bock,  a  stack  of  harder  rook  left  by  the  sea ;  h,  entrance  to  crater  lagoon 
(see  Fig.  €0) ;  c,  d,  e,  cUfEs  composed  of  bedded  yolcanio  materials  dipping  toiwds 
the  scmth,  and  much  eroded  at  the  higher  end  (e)  by  waves  and  subaerial  waste ; 
/,  sonthem  point  of  the  island,  likewise  oat  away  into  a  difll 

disappearance  may  be.  The  Island  of  Volcano  has  the  base  of  its 
dopes  truncated  by  a  line  of  cliff  due  to  marine  erosion.  The 
island  of  Teneriffe  shows  in  the  same  way  that  the  sea  is  cutting 
bsck  the  land  towards  the  great  cone  (Fig.  61).  The  island  of  St. 
Paul  (Figs.  60,  62)  brings  before  us  in  a  more  impressive  way  the 
tendency  of  volcanic  islands  to  be  destroyed  unless  replenished  by 
continual  additions  to  their  surface.  At  St.  Helena  lofty  cliffs  of 
volcimic  rocks  1000  to  2000  feet  high  bear  witness  to  the  enormous 
denudation  whereby  masses  of  basalt  two  or  three  miles  long,  one  or 
two  nules  broad,  and  1000  to  2000  feet  thick,  have  been  entirely 
removed.* 

iL    Fissure  (Massive)  Eruptions, 

Under  the  head  of  massive  or  homogeneous  volcanoes  some 
geologists  have  included  a  great  number  of  bosses  or  dome-like 
projections  of  once-melted  rock  which,  in  regions  of  extinct  volcanoes, 
rise  conspicuously  above  the  surface  without  any  visible  trace  of 
cones  or  craters  erf  fragmentary  material.  They  are  usually  re- 
garded as  protrusions  of  lava,  which,  like  the  ruy  de  Dome  in 
Auvergne,  assumed  a  dome-form  at  the  surface  without  spreading 
out  m  sheets  over  the  surrounding  country,  and  with  no  accompanying 
fragmentanr  discharges.  But  the  mere  absence  of  ashes  and  scoria? 
is  no  proof  that  these  did  not  once  exist,  or  that  the  present  knob 
or  boss  of  lava  may  not  originally  have  solidified  within  a  cone 
of  tuff  which  has  been  subsequently  removed  in  denudation. 
The  extent  to  which  the  surface  of  the  ground  has  been  changed 
by  ordinary  atmospheric  waste,  and  the  comparative  ease  with  which 
loose  volcanic  dust  and  cinders  might  have  been  entirely  removed 
require  to  be  considered.  Hence,  though  the  ordinary  explanation 
is  no  doubt  in  some  cases  correct,  it  mav  be  doubted  whether  a  large 
proportion  of  the  examples  cited  from  tne  Bhine,  Bohemia,  Hungary, 

»  Darwin,  **  Volcanic  Islands,**  p.  104. 
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and  other  regions,  ought  not  rather  to  be  regarded  as  the  remaimng 
roots  of  tme  volcanic  cones,  like  the  ^  necks  **  so  abundant  in  the 
ancient  volcanic  districts  of  Britain  (Book  lY.  Part  YII.).  Lf  the  toff 
of  a  cone  up  the  fnnnel  of  which  lava  rose  and  solidified  were  swept 
away,  we  should  find  a  central  lava  plu^  or  core  resembling  the 
volcanic  ^  heads  **  {vulkanisehe  Kuppm)  of  Grermany.  Unquestion- 
ably, lava  has  in  innumerable  instances  risen  in  this  way  within 
cones  of  tuff  or  cinders,  partially  filling  them  without  flowing  oot 
into  the  surrounding  country.^ 

But  while,  on  either  explanation  of  their  origin,  these  volcanic 
''heads"  find  their  analogues  in  the  emissions  of  lava  in  modem 
volcanoes,  there  are  numerous  cases  in  old  volcanic  areas  where  the 
eruptions,  so  far  as  can  now  be  judged,  were  not  attended  with  the 
production  of  any  dome,  cone  or  crater.  Li  former  geological  ages, 
and  perhaps  even  in  the  existing  j>eriod,  extensive  eruptions  of  lava 
without  the  accompaniment  of  scoriae  or  with  hardly  any  fragmentary 
materials,  have  taken  place  over  wide  areas  from  scattered  vents,  but 
more  usually  it  would  seem  from  lines  or  systems  of  fissures.  Yast 
bheets  of  lava  have  in  this  manner  been  poured  out  to  a  depth  of 
many  hundred  feet,  completely  burying  the  previous  surface  of  the 
land  and  forming  wide  plains  or  plateaux.  These  truly  **  maanve 
eruptions  ^  have  been  held  by  Bicnthofen '  and  others  to  repreaent 
the  grand  fundamental  character  of  vulcanism,  modem  volcanic 
cones  being  regarded  merely  as  parasitic  excrescences  on  the  6ub» 
terranean  hva^reservoirs,  very  much  in  the  relation  of  minor  cinder 
cones  to  their  parent  volcano.' 

Though  a  description  of  these  old  fissure-  or  massive-eruptions 
ought  properly  to  be  included  in  Book  lY.,  the  subject  is  so  closely 
connected  with  the  dynamics  of  existing  active  voleanoes  that  an 
account  of  the  subject  may  be  given  here.  Some  of  the  moe^t  re- 
markable examples  of  this  type  of  volcanic  structure  occur  in  western 
North  America.  Among  these  that  of  the  Snake  River  plain  in  Idaho 
mav  be  briefly  describea  (Fig.  63).  Surrounded  on  the  north  and  east 
by  lofty  mountains,  it  stretches  westward  as  an  apparentlv  boundless 
desert  of  sand  and  bare  sheets  of  black  basalt.  A  lew  streams 
descending  into  the  plain  from  the  hills  are  soon  swallowed  up 
and  lost.  The  Snake  Biver,  however,  flows  across  it  and  has  cut  out 
of  its  lava-beds  a  series  of  picturesque  gorges  and  rapids.  Tbe 
extent  of  country  which  has  been  flooded  with  basalt  in  this 
and  adjoining  regions  of  Oregon  and  \N'ashington  has  not  yet  been 
accurately  surveyed,  but  has  been  estimated  to  cover  a  larger  area 
than  France  and  Oreat  Britain  combined.  Looked  at  from  any 
point  on  its  surface,  one  of  these  lava-plains  appears  as  a  vast 
level  suifEu^e  like  that  of  a  lake-bottom.    This  uniformity  has  been 

*  Yon  Beebach,  Z,  Ikuiteh.  Oeol,  Ge$,  itUL  p.  648.  F.  von  HochdctUr,  Ntmm  Jakr^ 
1871,  p.  469.    Beyer.  Jahrh.  K.  K.  Geoi.  Beicluantiali,  1878,  p.  81 ;  1879,  p.  46S. 

*  Trafu.  Acad,  ScL  California,  1868. 

»  Proe,  Jloy.  Phy*,  Srr.  Edin.  T.  236.    Nature^  xxiii  p.  a 
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pTX)daced  either  by  the  lava  rolling  over  a  plain  or  lake-bottom,  or 
ov  the  complete  effacement  of  an  original  undulating  contour  of 
tne  ground  under  hundreds  of  feet  of  lava  in  successive  sheets. 
The  lava  rolling  up  to  the  base  of  the  mountains  has  followed 
the  sinuosities  of  their  margin,  as  the  waters  of  a  lake  follow 
its  promontories  and  bays.  The  author  crossed  the  Snake  Biver 
plain  in  J  879,  and  likewise  rode  for  many  miles  along  its  northern 
edge.  He  found  the  surface  to  be  everywhere  marked  with  low 
hummocks  or  ridges  of  bare  black  basalt,  the  surfaces  of  which 


Fl&   63. — ^YlEW  OF  TBB  GREAT  BaSALT  PLAIK  OF  THE  SnAKE  BiVBB,   IdAHO, 
WITH  BECENT  C0NE9. 

exhibited  a  reticulated  pavement  of  the  ends  of  columns.  In  some 
places,  there  was  a  perceptible  tendency  in  these  ridges  to  ran^e 
themselves  in  one  general  north-easterly  direction,  when  they  might 
be  likened  to  a  series  of  long,  low  waves  or  ground-swells.  In 
many  instances  the  crest  of  each  ridge  had  cracked  open  into  a  long 
fissure  which  presented  along  its  walls  a  series  of  tolerably  symme- 
trical columns  (Fig.  63).  That  these  ridges  were  original  undulations 
of  the  lava,  and  had  not  been  produced  by  erosion  was  indicated  by 
the  bet  that  the  columns  were  perpendicular  to  them  and  changed  in 
direction  according  to  the  form  of  the  ground  which  was  the  original 
cooling  surface  of  the  lava.  Though  the  basalt  was  sometimes 
vesicular,  no  layers  of  slag  or  scoriae  were  anywhere  observed,  nor 
did  the  surfaces  of  the  ridges  exhibit  any  specially  scoriibrm 
character. 

There  are  no  visible  cones  whence,  this  enormous  flood  of  basalt 
could  have  flowed.  It  probably  escaped  from  many  fissures  still 
concealed  under  the  sheets  which  issued  from  them.  That  it  wais 
not  the  result  of  one  sudden  outpouring  of  rock  is  shown  by  the 
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distinct  bedding  along  the  Snake  Biver  ravines.  It  arose  from 
what  may  have  been  on  the  whole  a  continuous  though  locally 
intermittent  welling  out  of  lava,  probably  from  many  fissures  ex- 
tending over  a  wide  tract  of  Western  America  during  a  late  Tertiary 
period,  if,  indeed,  the  eruptions  did  not  partly  come  vdthin  the  time 
of  the  human  occupation  of  the  continent. 

At  a  few  points  on  the  plain  and  on  its  northern  margin  the  author 
observed  some  small  cinder  cones  (Fig.  63).  These  were  evidently 
formed  during  the  closing  stages  of  volcanic  action,  and  may  be 
compared  to  tne  minor  cones  on  a  modem  volcano,  or  better,  to  those 
on  the  surface  of  a  recent  lava-stream. 

In  Europe  during  Miocene  times  similar  enormous  outpourings  of 
basalt  covered  many  hundreds  of  square  miles.  The  most  important 
of  these  is  that  which  occupies  a  large  part  of  the  north-east  of 
Ireland,  and  in  disconnected  areas  extends  through  the  Inner 
Hebrides  and  the  Faroe  Islands  into  Iceland.  Throughout  that 
reffion  the  paucity  of  evidence  of  volcanic  vents  is  truly  remark- 
able. So  extensive  has  been  the  denudation  that  the  inner  structure 
of  the  volcanic  plateaux  has  been  admirably  revealed.  The 
ground  beneath  and  around  the  basalt  sheets  has  been  rent  into 
innumerable  fissures  which  have  been  filled  by  the  rise  of  basalt  into 
them.  A  vast  number  of  basalt-dykes  ranges  from  the  volcanic 
area  eastwards  across  Scotland  and  the  north  of  England.  Towards 
the  west  the  molten  rock  reached  the  surface  and  was  poured  out 
there,  while  to  the  eastward  it  does  not  appear  to  have  overflowed,  or 
at  least,  all  evidence  of  the  out-flow  has  been  removed  in  denudation. 
When  we  reflect  that  this  system  of  dykes  can  be  traced  from  the 
Orkney  Islands  southwards  into  Yorkshire  and  across  Britain  from 
sea  to  sea,  over  a  total  area  of  probably  not  less  than  100,000  square 
miles,  we  can  in  some  measure  appreciate  the  volume  of  molten 
basalt  which  in  Miocene  times  underlay  large  tracts  of  the  site  of 
the  British  Islands,  rose  up  in  so  many  thousands  of  fissures,  and 
poured  forth  at  the  surface  over  so  wide  an  area  in  the  north-west 

In  Africa  vast  basaltic  plateaux  occur  in  Abvssinia,  where  by 
the  denuding  effect  of  heavy  rains  they  have  oeen  carved  into 
picturesque  hills,  valleys,  and  ravines.^  In  India  an  area  of  at  least 
200,000  square  miles  is  covered  by  the  singularly  horizontd  volcanic 
plateaux  of  the  ^'Deccan  Traps"  (lavas  and  tuffs),  which  belong  to 
the  Cretaceous  period  and  attain  a  thickness  of  6000  feet  or  mora' 
The  underlying  platform  of  older  rock,  where  it  emerges  from 
beneath  the  edges  of  the  basalt  tableland,  is  found  to  be  in  many 
places  traversed  by  dykes ;  but  no  cones  and  craters  are  anywhere 
visible.  In  these,  and  probably  in  many  other  examples  still  on- 
described,  the  formation  of  great  plains  or  plateaux  of  level  sheets 
of  lava  is  to  be  explained  by  ''fissure-eruptions "  rather  than  by  the 
operations  of  volcanoes  of  the  familiar  **  cone  and  crater  **  type. 

>  BlaBford'fi  Ahymnia,  1870,  p.  181. 

'  Otology  of  India^  Medlicott  and  Blanford,  p.  299. 
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§.  4.  Geographical    and    geological    distribution  of 
Tolcanoes. 

Adequately  to  trace  the  distribution  of  volcanic  action  oyer  the 
globe  account  ought  to  be  taken  of  dormant  and  extinct  Tolcanoeg, 
BkewiBe  of  the  proo&  of  volcanic  outbreaks  during  earlier  geological 
periods.  When  this  is  done  we  learn  on  the  one  hand  that  in- 
numerable districts  have  been  the  scene  of  prolonged  volcanic 
activity,  where  there  is  now  no  token  of  underground  commotion,  and 
on  the  other  that  volcanic  outbursts  have  been  apt  to  take  place 
again  and  again  after  wide  intervals  on  the  same  ground,  some 
modem  active  volcanoes  being  thus  the  descendants  and  repre« 
sentatives  of  older  ones.  Some  of  the  {acta  regarding  former  volcanic 
action  have  been  idready  stated.  Others  wiU  be  given  in  Book  lY. 
Part  VII. 

Confining  attention  to  vents  now  active,  the  chief  &cis  re- 
garding their  distribution  over  the  globe  may  be  thus  summarised. 
(1.)  Volcanoes  occur  along  the  margins  of  the  ocean  basins, 
particularly  along  lines  of  dominant  mountain  ranges,  which  either 
form  part  of  the  nudnland  of  the  continents  or  extend  as 
adjacent  lines  of  islands.  The  vast  hollow  of  the  Pacific  is  girdled 
with  a  wide  ring  of  volcanic  focL  (2.)  Volcanoes  rise  as  a  striking 
feature  in  the  heart  of  the  ocean  oasins.  Most  of  the  oceanic 
islands  are  volcanic.  The  scattered  coral  islands  have  in  all  likeli- 
hood  been  built  upon  the  tops  of  submarine  volcanic  cones.  (3.)  Vol- 
canoes are  situated,  as  a  rule,  close  to  the  sea*  When  they  occur 
inland  they  sometimes  appear  in  the  neighbourhood  of  a  lake.  Yet 
as  instances  have  been  observed  where  volcanoes  have  appeared  at 
great  distances  from  any  sheet  of  water,  the  proximity  of  a  lake  or 
of  the  sea  cannot  be  regarded  as  always  necessary  for  the  evolution 
of  volcanic  phenomena.  (4.)  The  dominant  arrangement  of  volcanoes 
is  in  series  along  subterranean  lines  of  weakness,  as  in  the  chain  of 
ihe  Andes,  the  Aleutian  Islands,  and  the  Mali^  Archipelam.  A 
remarkable  zone  of  volcanic  vents  girdles  the  globe  from  Central 
America  eastward  by  the  Azores  and  Canarv  Islands  to  the 
Mediterranean,  thence  to  the  Bed  Sea,  and  tnrough  the  chains 
of  islands  from  the  south  of  Asia  to  New  Zealand  and  the  heart  of 
the  Pacific  (5.)  On  a  smaller  scale  the  linear  arrangement  gives 
place  to  one  in  groups,  as  in  Italy,  Iceland,  and  the  volcanic  islands 
of  the  great  oceans. 

Besides  the  existence  of  what  are  called  extinct  volcanoes,  the 
geologist  can  adduce  proofs  of  the  former  presence  of  active  volcanoes 
in  many  countries  where  cones,  craters  and  all  the  ordinary  aspects 
of  volcanic  mountains,  have  long  disappeared.  Sheets  of  lava,  beds 
of  tufi^  dykes,  and  necks  representing  the  sites  of  volcanic  vents 
have  bee«i  recognized  abundantly  (Book  IV.  Part  VU.^.  These  mani-> 
festations  of  volcanic  action,  moreover,  have  as  wide  a  range  in 
geologiod  time  as  they  have  in  geographical  area.    Every  great 
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geological  period,  back  at  least  as  far  as  the  Lower  Silurian,  has 
had  its  volcanoes.*  In  Britain,  for  instance,  there  were  active  volcanic 
vents  in  the  Lower  Silurian  period,  whence  the  lavas  and  tufis  of 
Snowdon,  Aran  Mowddwy,  and  Cader  Idris  were  ejected.  The  Lower 
Old  Red  Sandstone  epoch  was  one  of  prolonged  activity  in  central 
Scotland.  The  earlier  half  of  the  Carbonfferous  period  likewise 
witnessed  the  outburst  of  innumerable  small  volcanoes  over  the 
same  region.  During  Permian  time  a  few  scattered  veuf  s  existed  in 
the  south-west  of  Scotland,  and  in  the  epoch  of  the  New  Bed  Sand- 
stone some  similar  points  of  eruption  appeared  in  the  south  of 
England.  The  older  Tertiary  a^es  were  distinguished  by  the 
outpouring  of  the  enormous  basaltic  plateaux  of  Antrim  and  the 
Inner  Hebrides. 

In  France  and  Germany  likewise  palaeozoic  time  was  marked  by 
the  eruption  of  many  diabase  and  porphyrite  lavas,  followed  in  the 
Permian  epoch  by  a  great  outburst  of  porphyries,  while  on  the 
other  hand  the  late  Tertiary  volcanoes  of  Auvergne,  the  Eifel, 
^Bohemia  and  Hungary  belong  almost  to  the  existing  period. 
Beeent  research  has  brought  to  light  evidence  of  a  long  succes- 
sion of  Tertiary  and  post-tertiary  volcanic  outbursts  in  Western 
America  (Nevada,  Oregon,  Idaho,  Utah,  &cJ).  Contemporaneous 
Tolcanic  rocks  are  associated  with  Palaeozoic,  Secondarv  and 
Tertiary  formations  in  New  Zealand,  and  volcanic  action  tnere  is 
not  yet  extinct 

Thus  it  can  be  shown  that,  within  the  same  comparatively 
limited  geographical  space,  volcanic  action  has  been  rife  at  intervals 
during  a  long  succession  of  geological  ages.  Even  round  the  sites  of 
still  active  vents  traces  of  far  older  eruptions  may  be  detected,  as  in 
the  case  of  the  existing  active  volcanoes  of  Iceland  which  rise  from 
amid  Tertiary  lavas  and  tu£Es.  Volcanic  action,  which  now  mani* 
fests  itself  so  conspicuously  along  certain  lines,  seems  to  have  con- 
tinued in  that  linear  development  for  protracted  periods  of  time. 
The  actual  vents  have  changed,  dying  in  one  place  and  breaking 
out  in  another,  yet  keeping  on  the  whole  along  tne  same  tracts. 

§  5.  Causes  of  Volcanic  Action. 

'^     The  modus  operandi  whereby  the  internal  heat  of  the  globe 

manifests  itself  in  volcanic  action  is  a  problem  to  which  as  yet  no 

satisfactory  solution  has  been  found.     Were  this  action  merelv  an 

expression  of  the  intensity  of  the  heat,  we  might  expect  it  to  nave 

manifested  itseK  in  a  far  more  powerful  manner  in  former  periodfl^ 

and  to  exhibit  a  regularity  and  continuity  commensurate  with  the 

exceedingly  slow  diminution  of  the  earth's  temperature.    But  there 

U  no  geological  evidence  in  favour  of  greater  yolcanic  intensity  in 

ancient  than  in  more  recent  periods;  on  the  contrary, it  may  be 

>  The  existence  of  pre-Ganbrian  lavas  has  been  cited  from  leyeral  parts  of  Engkad 
and  Wales  (see  the  Kction  on  Archnan  Bocks  in  Book  vL). 
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doabted  whf'ther  any  of  the  PalsBozoio  yolcanoes  equalled  in 
magnitude  those  of  Tertiary  and  perhaps  even  post-tertiary  times.  On 
the  other  hand,  no  feature  of  yolcanic  action  is  more  conspicuous  than 
its  spasmodic  fitful ness. 

As  physical  considerations  negative  the  idea  of  a  comparatiyely 
thin  crust  surmouuting  a  molten  interior  whence  volcanic  energy 
might  be  derived  (anl0,p.  49),  geologists  have  found  themselves 
involved  in  great  perplexity  to  explain  volcanic  phenomena,  for  the 
production  of  which  a  source  of  no  great  depth  would  seem  to  be 
necessary.  They  have  supposed  the  existence  of  pools  or  lakes  of 
liquid  lava  lying  beneath  the  crust,  and  at  an  inconsiderable  depth 
from  the  surface.  Some  have  appealed  to  the  influence  of  the  con* 
traction  of  the  earth'is  mass,  erroneously  assuming  the  contraction  to 
be  now  CTeater  in  the  outer  than  in  the  inner  portions,  and  that  the 
effect  of  this  external  contraction  must  be  to  squeeze  out  some  of 
the  internal  molten  matter  through  weak  parts  of  tlie  crust.  Cordier, 
for  example,  calculated  that  a  contraction  of  only  a  single  millimetre 
(about  -^ih  of  an  inch)  would  suflSce  to  force  out  to  the  surface  lava 
enough  for  500  eruptions,  allowing  1  cubic  kilometre  (about  1300 
million  cubic  yards)  tor  each  eruption. 

That  volcanic  action  is  one  of  the  results  of  terrestrial  contraction 
can  hardly  be  doubted,  though  we  are  still  without  satisfactory  data 
as  to  the  connection  between  the  cause  and  the  effect.  It  will  be 
observed  that  volcanoes  occur  chiefly  in  lines  along  the  crests  of 
terrestrial  ridges.  There  is  evidently  therefore  a  connection  between 
the  elevation  of  these  ridges  and  the  extravasation  of  molten  rock  at 
the  surface.  The  formation  of  continents  and  mountain  chains  has 
already  been  referred  to  as  probably  conseouent  on  the  subsidence 
and  readjustment  of  the  cool  outer  shell  of  tne  planet  upon  the  hotter 
and  more  rapidly  contracting  nucleus.  Every  such  movement,  by 
relieving  pressure  on  regions  below  the  axis  of  elevation,  will  tend  to 
bring  up  molten  rock  nearer  the  surface,  and  thus  to  promote  the 
formation  and  continued  activity  of  volcanoes. 

The  fissure  eruptions  wherein  lava  has  risen  through  innumerable 
rents  in  the  grouna  across  the  whole  breadth  of  a  country,  and  has 
been  poured  out  at  the  surface  over  areas  of  many  thousand  square 
milee,  flooding  them  sometimes  to  a  depth  of  several  thousand 
feet,  undoubtraly  prove  that  molten  rock  existed  at  some  depth 
over  a  large  extent  of  territory,  and  that  by  some  means  still 
unknown,  it  was  forced  out  to  the  surface  (ante  p.  255).  In  inves- 
tigating this  subject  it  would  be  important  to  discover  whether  any 
evidence  of  great  terrestrial  crumpling  or  other  movement  of  the 
crust  can  be  ascertained  to  have  taken  place  about  the  same  geo- 
logical period  as  a  stupendous  outpouring  of  lava — whether,  for  ex- 
ample, &e  great  lava  fields  of  Idaho  may  have  had  any  connection 
witn  contemporaneous  flexure  of  the  North  American  mountain 
system,  or  whether  the  basalt  plateaux  of  Antrim,  Scotland,  Faroe 
and  Iceland  may  possibly  have  been  in  their  origin  sympathetic  with 
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the  Miocene  npheayal  of  the  Alps  and  other  middle  Tertiarj 
movementB  in  Europe. 

But  in  the  ordinary  phase  of  volcanic  action,  marked  by  the 
copious  evolution  of  steam  and  the  abundant  production  of  dust»  slags 
and  cinders,  from  one  or  more  local  vents,  it  is  manifest  that  one 
main  cause  of  volcanic  excitement  is  the  expansive  force  exerted  by 
vapours  present  in  the  molten  magma  from  which  lavas  proceed.^ 
Whether  and  to  what  extent  these  vapours  are  parts  of  the  aooriginal 
constitution  of  the  earth's  interior,  or  are  derived  by  descent  from 
the  surface,  is  still  an  unsolved  problem.  So  large  a  proportion 
being  steam,  much  of  the  superheated  vapours  of  volcanic  vents 
may  have  been  supplied  by  the  descent  of  water  from  above  ground. 
The  floor  of  the  sea  and  the  beds  of  rivers  and  lakes  are  all  leaky. 
Bain  sinking  beneath  the  surface  of  the  land,  percolates  down  cracks 
and  joints,  and  infiltrates  through  the  very  pores  of  the  rocks. 
The  presence  of  nitrogen  among^  the  gaseous  dischar^  of  volcanoes 
indicates  no  doubt  the  decomposition  of  water  containing  atmospheric 
gases.  The  abundant  volcanic  sublimations  of  chlorides  are  such  as 
might  probably  result  from  the  decomposition  of  sea  water. 

Accordingly,  there  has  arisen  a  prevalent  belief  among  geolo- 
gists, that  it  is  to  the  enormous  expansive  force  of  perhaps 
white-hot  water  imprisoned  in  the  molten  magma  at  the  roots  ct 
volcanoes  that  the  explosions  of  a  crater  and  the  subsequent  rise  of  a 
lava-column  are  due.  It  has  been  supposed  that,  somewhat  like  the 
reservoirs  in  which  hot  water  and  steam  accumulate  under  geysers, 
reservoirs  of  molten  rock  receive  a  constant  influx  of  water  m)m  the 
surface,  which  cannot  escape  by  other  channels,  but  is  absorbed  by 
the  internal  magma  at  au  enormously  high  temperature  and  under 
vast  pressure.  In  the  course  of  time  the  materials  filling  up  the 
chimney  are  unable  to  withstand  the  upward  expansion  of  this  im- 
prisoned vapour  and  water,  so  that,  after  some  premonitory  rumbling 
the  whole  opposing  mass  is  blown  out,  and  the  vapour  escapes  in  tne 
well-known  masses  of  cloud.  Meanwhile,  the  removal  of  the  over- 
lying column  relieves  the  pressure  on  the  lava  underneath,  saturated 
Mith  vapours  or  superheated  water.  This  lava  therefore  begins  to 
rise  in  tiie  funnel  until  it  forces  its  way  through  some  weak  part  of  the 
cone,  or  pours  over  the  top  of  the  crater.  Mtet  a  time,  the  vapour 
being  expended,  the  energy  of  the  volcano  ceases,  and  there  comes  a 
variable  period  of  repose,  until  a  renewal  of  the  same  phenomena 
brings  on  another  eruption.  By  such  successive  paroxysms  it  is 
supposed  that  the  forms  of  the  internal  reservoirs  and  tunnels  are 
changed ;  new  spaces  for  the  accumulation  of  superheated  water  are 
opened,  whence  m  time  fresh  volcanic  vents  issue,  while  the  old  ones 
gradually  die  out. 

An  obvious  objection  to  this  explanation  is  the  difficulty  of 
conceiving  that  water  should  descena  at  all  against  the  expansive 

>  See  Beyer's  Beilrag  zur  Phynk  der  Erupiumen,  YienDa,  1877,  wbere  the  part  takes 
by  absorbed  gases  and  vapours  is  cogently  adyocaUd. 
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fivoe  withiiL  But  Danbr^'u  experiments  have  shown  that,  owing  to 
capillarity,  water  may  permeate  rocks  against  a  high  counter-pressnre 
of  steam  on  the  further  side,  and  that  so  long  as  the  water  is  supplied, 
whether  by  minute  fissures  or  through  pores  of  the  rocks,  it  may, 
under  pr^sure  of  its  own  superincumbent  column,  make  its  way  into 
highly  heated  regions.^  Experieuce  in  deep  miues,  however,  rather 
goes  to  show  that  the  permeation  of  water  through  the  pores  of  rocks 
gets  feebler  as  we  descend. 

Beference  may  be  made  here  to  a  theory  of  volcanic  action  in 
which  the  influence  of  terrestrial  contraction  as  the  grand  source  of 
volcanic  energy  has  recently  been  insisted  upon  by  Mr.  Mallet^  He 
maintains  that  all  the  present  manifestations  of  hypogene  action  are 
due  directly  to  the  more  rapid  contraction  of  the  hotter  internal  mass 
of  the  earth  and  the  consequent  crushing  in  of  the  outer  cooler  shell. 
He  points  to  the  admitted  difficulties  in  the  way  of  connecting 
volcanic  phenomena  with  the  existence  of  internal  lakes  of  liquid 
matter,  or  of  a  central  ocean  of  molten  rock.  Observations  made  by 
him,  on  the  effects  of  the  earthquake  shocks  accompanying  the 
folcanic  eruptions  of  Vesuvius  and  of  Etna,  showed  that  the  focus  of 
disturbance  could  not  be  more  than  a  few  miles  deep;  that,  in 
relation  to  the  general  mass  of  the  globe,  it  was  quite  superficial,  and 
could  not  possibly  have  lain  under  a  crust  of  800  miles  or  upwards  in 
thickness.  The  occurrence  of  volcanoes  in  lines,  and  especially  along 
some  of  the  great  mountain-chains  of  the  planet,  is  likewise  dwelt 
upon  by  him  as  a  fact  not  satisfactorily  explicable  on  any  previous 
hypothesis  of  volcanic  energy.  But  he  contends  that  all  these 
difiBculties  disappear  when  once  the  simple  idea  of  cooling  and 
contraction  is  adequately  realized.  ''The  secular  cooling  of  the 
globe,"  he  remarks,  **  is  always  going  on,  though  in  a  very  slowly 
^cending  ratia  Contraction  is  therefore  constantly  providing  a 
store  of  energy  to  be  expended  in  crushing  parts  of  the  crust,  and 
through  that  providing  for  the  volcanic  neat.  But  the  crushing 
itself  does  not  take  place  with  uniformity ;  it  necessarily  acts  per 
iaUum  after  accumulated  pressure  has  reached  the  necessary  amount 
at  a  giren  point,  where  some  of  the  pressed  mass,  unequally  pressed 
as  we  must  assume  it,  gives  way,  and  is  succeeded  perhans  by  a  time 
of  repose,  or  by  the  transfer  of  the  crushing  action  elsewhere  to  some 
weaker  point.  Hence,  though  the  magazine  of  volcanic  energy  is 
being  constantly  and  steadily  replenished  by  secular  cooling,  the 
effects  are  intermittent."  He  offers  an  experimental  proof  of  the 
sofiiciency  of  the  store  of  heat  product  by  this  internal  crushing  to 
cause  all  the  phenomena  of  existing  volcanoes.*    The  slight  compar- 

'  Daabr^,  O^ogie  Expirimentale,  p.  274.  See  also  Tsohennak,  Sitzber,  Ahad,  Wien 
Match  1877.     Beyer,  Beitrag  zur  Phyiik  der  Erupiioneny  §  I. 

*  Phil.  Tran§,,  1873.  See  also  Daubree's  experimental  deterroinatiou  of  the  quantity 
of  heat  eTolTed  by  the  intenial  cmshing  of  rockis.     Giclogie  Ezperimentalej  p.  448. 

'  The  elaborate  and  careful  experimental  reBearciies  of  this  observer  will  reward 
attentiTe  penual.  Mallet  estimates  from  experiment  the  amount  of  heat  given  out  by 
the  crashing  of  different  rocks  (syenite,  granite,  sandstone,  slut^,  limestone),  and  con* 
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ative  depth  of  the  volcanic  foci,  their  linear  arrangement,  and  their 
occurrence  along  lines  of  dominant  elevation  become,  he  contends, 
intelligible  under  this  hypothesis.  For  since  the  crushing  in  of  the 
crust  may  occur  at  any  depth,  the  volcanic  sources  may  vary  in 
depth  indefinitely ;  and  as  the  crushing  will  take  place  chiefly  alono^ 
lines  of  weakness  in  the  crust,  it  is  precisely  in  such  lines  that 
crumpled  mountain-ridges  and  volcanic  funnels  should  appear. 
Moreover,  by  this  explanation  its  author  seeks  to  harmonize 
the  discordant  observations  regarding  variations  in  the  rate  of 
increase  of  temperature  downward  within  the  earth,  which  have 
already  been  cited  and  referred  to  unequal  conductivity  in  the 
crust  (p.  47).  He  points  out  that  in  some  parts  of  the  crust  the 
crushing  must  be  much  greater  than  in  other  parts ;  and  since  the 
heat  ^  is  directly  proportionate  to  the  local  tangential  pressure  which 
produces  the  crushing  and  the  resistance  thereto,"  it  may  varv 
mdefinitely  up  to  actual  fusion.  So  long  as  the  crushed  tock 
remains  out  of  reach  of  a  sufficient  access  of  subterranean  water,  there 
would,  of  course,  be  no  disturbance.  But  if,  through  the  weaker 
parte,  water  enough  should  descend  and  be  absorbed  by  the  intensely 
not  crushed  mass,  it  would  be  raised  to  a  very  high  temperature,  and, 
on  sufficient  diminution  of  pressure,  would  flash  into  steam  and 
produce  the  commotion  of  a  volcanic  eruption. 

This  ingenious  theory  requires  the  operation  of  sudden  and  violent 
movements,  or  at  least  that  the  heat  generated  by  the  crushing 
should  be  more  than  can  be  immediately  conducted  away  through 
the  crust.  Were  the  crushing  slow  Mid  equable,  the  heat  developed 
by  it  might  be  so  tranquilly  dissipated  that  the  temperature  of  the 
crust  might  not  be  sensibly  affected  in  the  process,  or  not  to  such  an 
extent  as  to  cause  any  appreciable  molecular  rearrangement  of  the 

J  articles  of  the  rock,  but  an  amount  of  internal  crushing  insuf- 
cient  to  generate  volcanic  action  may  have  been  accompanied  by 
such  an  elevation  of  temperature  as  to  induce  important  changes  in 
the  structure  of  rocks. 

There  is,  indeed,  strong  evidence  that,  among  the  consequences 
arising  from  the  secular  contraction  of  the  globe,  masses  of  sedimen- 
tary strata,  many  thousands  of  feet  in  thickness,  have  been  crumpled 
and  crushed,  and  that  the  crumpling  has  often  been  accompaniea  by 
such  an  amount  of  heat  and  evolution  of  chemical  activity  as  to 
produce  an  interchange  and  rearrangement  of  the  elements  of  the 
rocks, — this  change  sometimes  advancing  to  the  point  of  actual 
fusion.  (iSee  postea  p.  308,  and  Book  IV.  Part  VIII.)  There  is  reason 
to  believe  that  some  at  least  of  these  periods  of  intense  terrestrial 
disturbance  have  been  followed  by  periods  of  prolonged  volcanic  action 
in  the  disturbed  areas.    Mr.  Mallet's  theory  is  thus,  to  some  extent^ 


dudes  that  a  enbio  mile  of  the  orost  taken  at  the  mean  densi^  wonld,  if  crushed  into 
powder,  give  out  heat  enough  to  melt  nearly  8}  cubic  miles  of  fiimUar  rook,  assuming 
the  meiung  point  to  be  2000°  Fahr. 
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supported  by  independent  geological  testimony.  The  existence, 
however,  of  large  reservoirs  of  fu^  rock,  at  a  comparatively  small 
depth  beneath  the  surface,  may  be  conceived  as  probable,  apart 
from  the  effects  of  crashing.  The  connection  of  volcanoes  with  lines 
of  elevation,  and  consequent  weakness  in  the  earth's  crust,  is  precisely 
what  might  have  been  anticipated  on  the  view  that  the  nucleufi, 
though  practically  solid,  is  at  such  a  temperatore  and  pressure  that 
any  diminution  of  the  pressure,  by  corrugation  of  the  crust  or  other- 
wise, will  cause  the  subjacent  portion  of  the  nucleus  to  melt. 
Along  lines  of  elevation  the  pressure  is  relieved,  and  consequent 
melting  may  take  place.  On  these  lines  of  weakness  and  fracture, 
therefore,  the  conditions  for  volcanic  excitement  may  be  conceived  to 
be  best  developed.  Water,  able  soonest  to  reach  there  the  intensely 
heated  materials  underneath  the  crust,  may  give  rise  to  volcanic 
explosions.  The  periodicity  of  eruptions  may  thus  depend  upon  the 
length  of  time  required  for  the  storing  up  of  sufficient  steam,  ana  on  the 
amount  of  resistance  in  the  crust  to  be  overcome.  In  some  volcanoes 
the  intervals  of  activity,  like  those  of  many  geysers,  return  with 
considerable  regularity.  In  other  cases,  the  shattering  of  the  crust, 
or  the  upweUing  of  vast  masses  of  lava,  or  the  closing  of  subterranean 
passages  for  the  descending  water,  or  other  causes  may  vary  the 
conditions  so  much,  from  time  to  time,  that  the  eruptions  follow  each 
other  at  very  unequal  periods,  and  with  very  discrepant  energy. 
Each  great  outburst  exhausts  for  a  while  the  vigour  of  the  volcano, 
and  an  interval  is  needed  for  the  renewed  accumulation  of  vapour. 

Bat  beside  the  mechanism  by  which  volcanic  eruptions  are 
produced,  a  further  problem  is  presented  by  the  varieties  of  materials 
ejected  and  the  differences  which  these  exhibit  at  neighbouring  vents, 
and  even  sometimes  at  successive  eruptions  from  the  same  vent.  It 
is  common  to  find  that  the  earlier  lavas  of  a  volcano  have  been  acid 
(traf'hyt^  liparites,  obsidians,  &c.),  while  the  later  are  basic 
(andesites,  iMtsalts,  &c\  Bichthofen  has  deduced  from  observations 
m  Europe  and  North  America  a  general  order  of  volcanic  succession 
which  nas  been  well  sustained  by  subse<|uent  investigation.  He 
states  that  volcanic  rocks  may  be  arranged  m  five  ^at  groups,  and 
that  all  over  the  world  these  groups  have  appeared  in  the  following 
sequence.  1.  Propylite;  2.  Andesite;  3.  Trachyte;  4.  Bhyolite; 
5.  Basalt^  The  sequence  is  seldom  or  never  complete  in  any  one 
locality ;  sometimes  only  one  member  of  the  series  may  be  found,  but 
when  two  or  more  occur  they  take,  it  is  affirmed,  this  order,  basalt 
being  everywhere  the  latest  of  the  series.  Instances  have  been 
noti^  of  apparent  or  real  exceptions  to  Bichthofen*s  law.  But  the 
continued  study  of  the  great  volcanic  plateaux  of  Western  America  has 
supplied  many  new  examples  of  its  wide  application.' 

'  *•  The  Natural  Sjsteni  of  Yoloanio  Books."  F.  Biohihofen.  California  Acad.  8ei. 
186S. 

'  See  in  jMrtioalar  Captain  Datton's  Taluabie  Bejport  on  the  Geology  of  the  High 
PlaUmmx  of  Utah,  Waahin;^tOD,  IS30,  p.  6t 


Digitized  by 


Google 


266  DYNAMICAL  GEOLOGY.  [Book  ILL 

Beference  has  already  (p.  58^  been  made  to  the  speculation  d 
Darocber  as  to  the  existence  witnin  the  crost  of  an  npper  siliceous 
la^er  with  a  mean  of  71  per  cent,  of  silica  and  a  lower  basic  layer 
with  about  51  per  cent,  of  silica.  Bunsen  also  came  to  the  condu* 
sion  that  volcanic  rocks  are  mixtures  of  two  original  normal  magmas 
— the  normal  trachytic  (with  67 — 76  silica,  and  a  ratio  of  acid  to 
base  of  5  to  1),  and  the  normal  pyroxenic  (with  47 — 48  silica  and  a 
ratio  of  3  to  2  between  acid  ana  base).  The  varying  proportions  in 
which  these  two  original  extreme  magmas  have  been  comoined  are, 
in  Bonsen's  view,  the  cause  of  the  differences  of  volcanic  rocks.  We 
may  conceive  these  two  layers  to  be  superposed  upon  each  other, 
according  to  relative  densities,  and  the  composition  of  the  last  erupted 
at  the  surface  to  depend  upon  the  depth  from  which  it  has  been 
derived.^  The  earlier  explosions  of  a  volcano  may  be  supposed  to 
take  place  usually  from  the  upper  lighter  and  more  siliceous  layer, 
and  the  lavas  ejected  should  be  consequently  acid,  as  in  fact  they  are, 
while  the  later  eruptions,  reaching  down  to  deeper  and  lieavier  zones 
of  the  magma,  would  bring  up  such  basic  lavas  as  basalt.  Certainly 
the  gener^  similarity  of  the  volcanic  rocks  all  over  the  globe  woold 
appear  to  prove  that  there  must  be  considerable  uniformity  of  com- 
position in  the  zones  of  intensely  hot  material  from  which  volcanic 
rocks  are  derived,  and  the  general  order  of  succession  in  the  appear- 
ance of  lavas,  shows  that  some  arrangement  in  relation  to  density 
probably  exists  within  the  crust.^ 

Many  difiBculties,  however,  remain  yet  to  be  explained  before  our 
knowledlge  of  volcanic  action  can  be  regarded  as  more  than  rudi- 
mentary. For  example  why  should  two  adjoining  vents,  like  Uauna 
Loa  and  Ealauea,  have  their  lava  column  at  such  widely  different 
levels  as  to  show  that  there  can  be  no  real  connection  between  them  ? 
Why  should  two  neighbouring  vents  sometimes  eject,  the  one  acid, 
the  other  basic  lavas  ?  Why  should  even  the  same  vent  occasionally 
exhibit  an  alternation  of  acid  and  basic  eruptions?  To  these  and 
other  questions  in  the  mechanism  of  volcanoes  no  satisfactory  answers 
have  yet  been  given.  Li  Book  IV.,  Part  VIL,  a  description  is  given 
of  the  part  volcanic  rocks  have  played  in  building  up  what  we  see 
of  the  earth's  crust,  and  the  student  will  there  find  other  illustrations 
of  facts  and  deductions  which  have  been  given  in  the  previous  pages. 

Section  IL — Earthquakes.^ 

The  term  Earthquake  denotes  any  natural  subterranean  con- 
cussion, varying  from  such  slight  tremors  as  to  be  hardly  perceptible 

'  See  S.  voQ  Waltershatisen,  Si  Alien  und  Island^  p.  416.  Beyer,  Beitrag  xwr  Phjf$ik 
der  Eruptionen,  iii. 

*  Id  the  memoir  by  Captain  DuttoD,  cited  in  a  previons  note,  the  hypothesis  is  msin- 
tained  that  the  enter  of  appearance  of  the  lavas  is  determined  by  their  relative  density 
and  fusibility,  the  most  basio  and  heaviest,  though  must  easily  fused,  requiring  tbe 
higliest  temperature  to  diminish  their  density  to  such  an  extent  as  to  permit  them  to  be 
erupto<i. 

'  On  the  phenomena  of  earthquakes  consult  Malkt,  BrU,  A$$oc,  1847,  part  iL  p.  30 ; 
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np  to  gevere  shocks,  by  which  houses  are  levelled,  rocks  dislocated, 
limdslips  precipitated,  and  many  human  lives  destroyed.  The 
pheDomena  are  analogous  to  the  shock  communicated  to  the  ground 
by  explosicms  of  mines  or  powder-works.  They  may  be  most 
intelli^bly  considered  as  wave-like  undulations  propagated  through 
the  solid  crust  of  the  earth.  In  Mr.  Mallet's  language  an  earm- 
quake  may  be  defined  as  "*  the  transit  of  a  wave  of  elastic  compres8ion, 
or  of  a  snooession  of  these,  in  parallel  or  intersecting  lines  through 
the  solid  substance  and  surface  of  the  disturbed  country.'*  The 
passage  of  this  wave  of  shock  constitutes  the  real  earthquake. 

Besides  the  wave  of  shock  transmitted  through  the  solid  crust. 
Hives  are  also  propagated  through  the  air,  and,  where  the  site  of 
the  impulse  is  not  too  remote,  through  the  ocean.  Earthquakes 
originating  under  the  sea,  but  not  far  from  land,  are  sometimes 
specially  destructive  in  their  effects.  They  illustrate  well  the  three 
kinds  of  waves  associated  with  the  progress  of  an  earthquake.  These 
are,  1st,  The  true  earth-wave  through  the  earth's  crust ;  2nd,  a  wave 
propagated  through  the  air  to  which  the  characteristic  sounds  of 
rolling  waggons,  (ustant  thunder,  bellowing  oxen,  &o.,  are  due ;  3rd, 
Two  sea-waves,  one  of  which  travels  on  iSte  back  of  the  earth-wave 
and  r^ushes  the  land  with  it,  producing  no  sensible  efiect  on  shore ; 
the  other  an  enormous  low  swell,  causea  by  the  first  sudden  blow  of 
the  earth-wave,  but  travelling  at  a  much  slower  rate,  and  reaching 
land  often  several  hours  after  the  earthquake  has  arrived. 

Velocity. — ^Experiments  have  been  made  to  determine  the 
velocity  of  the  earth-wave,  and  its  variation  with  the  nature  of  the 
material  through  which  it  is  propagated.  Mr.  Mallet  found  that  the 
shock  produced  by  the  explosion  of  gunpowder  at  Holyhead  travelled 
at  the  rate  per  second  of  951  feet  m  wet  sand,  1283  feet  in  friable 
granite,  and  1640  feet  in  solid  granite.  Observations  of  the  time  at 
which  an  earthquake  has  successively  visited  the  different  places  on 
its  track  have  shown  similar  variations  in  the  rate  of  movement. 
Thus  in  the  Calabrian  earthquake  of  1857,  the  wave  of  shock  varied 
from  658  to  989  feet  per  second,  the  mean  rate  being  789  feet  The 
earthquake  at  Yiege  in  1855  was  estimated  to  have  travelled 
northwards  towards  Strasburg  at  a  rate  of  2861  feet  per  second,  and 
southwards  towards  Turin  at  a  rate  of  1398  feet,  or  less  than  half  the 
northern  speed.    The  rate  of  the  central  European  earthquake  of 

1850,  p.  1 ;  1S51,  p.  272 ;  1852,  p.  1 ;  1858,  p.  1 ;  1861,  p.  201.  «  The  Great  Neapolitan 
Earthquake  of  1857,"  2  toIs.,  1862.  D.  Milne,  Edin.  ^ew  Phil.  Joum.  xxxi.-xxxTi.  A. 
Pfrrey,  Jfrtn.  Cuuronn,  BmxeUes,  xriii.  (1844)  Comptes  rendus^  lii.  p.  146.  Otto  Ynlger, 
*-  Untersnchnngen  iiber  die  PhEnoniene  der  Erdbeben  in  der  Schweiz,"  Gotba,  1857-8 : 
Z  DewUeh.  GtoL  Get,  xiiL  p.  667.  K.  von  Seebaoh,  "*■  Dad  Mitteldeutsche  Erdbeben 
TOD  6  Harz,  1872,**  Leipzig,  1873.  B.  Falb,  **  Grondzuge  eiuer  Theorie  der  £rdbeben 
QiidYiilkaDenflanBbrttohe/'  Graz,187l;  *'Godanken  and  Studien  iiber  den  Yulkani^muB, 
U^"  1874.  Pfaff,  *'AUgenieiDe  Geologie  ala  ezaote  WiBsen&chaft,"  Leipzig,  1873,  p.  224. 
Beoocdf  of  obaerred  earthquakes  will  be  found  in  the  memoirs  of  Mallet  and  Perrey ; 
•lao  in  papers  by  Fochs  in  Neues  Jahrb,  1865-1871  and  in  Tschermak's  Mineralig, 
MiUkeUungen^  1^  and  subsequent  years.    Other  papers  are  quoted  in  the  following 
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1872  was  estimated  to  have  been  2483  feet  in  a  second,  that  of  an  earth- 
quake at  Travancore  in  Southern  Hindostan  656  feet  in  a  second. 

Duration.^The  number  of  shocks  in  an  earthquake  yaries 
indefinitely,  as  well  as  the  length  of  the  intervals  between  them. 
Sometimes  the  whole  earthquake  only  lasts  a  few  seconds ;  thus  the 
city  of  Caracas,  with  its  fine  churches  and  10,000  of  its  inhabitants, 
was  destroyed  in  about  half-a-minute ;  Lisbon  was  oyerthrown  in 
five  minutes.  But  a  succession  of  shocks  of  varying  intensity  may 
continue  for  days,  weeks,  or  months.  The  Calabrian  earthquake 
which  began  in  February,  1783,  was  continued  by  repeated  shocKs  for 
nearly  four  years  until  the  end  of  1786. 

Modifying  influence  of  geological  structure. — ^In  its 
passage  through  the  solid  terrestrial  crust  from  the  focus  of  origin 
the  earth-wave  must  be  liable  to  continual  deflections  and  delays, 
from  the  varying  geological  structure  of  the  rocks.  To  this  canse, 
no  doubt,  must  DC  ascribed  the  marked  differences  in  the  rate  of 
propagation  of  the  same  earthquake  in  different  directions.  The 
wave  of  disturbance,  as  it  passes  from  one  kind  of  rock  to  another  and 
encounters  materials  of  very  different  elasticity,  or,  as  it  meets  with 
joints,  dislocations,  and  curvatures  in  the  same  rock,  must  be  liable 
to  manifold  changes  alike  in  rate  and  in  direction  of  movement 
Even  at  the  surface  one  effect  of  differences  of  material  may  be  seen 
in  the  apparently  capricious  demolition  of  certain  quarters  of  s  city, 
while  others  are  left  comparatively  scatheless.  In  such  cases  it  is 
usually  found  that  buildings  erected  on  loose  inelastic  foundations, 
such  as  sand  and  clay,  are  more  liable  to  destruction  than  those 
placed  upon  solid  rock.  In  illustmtion  of  this  statement  the  accom- 
panying plan  (Fig.  64)  of  Port  Royal,  Jamaica,  was  given  by  De  b 


FiQ.  64.— Plan  of  Pobt  Rotal,  Jamaica,  showing  ths  Eftiots  or  tbi 
Eaethquak^  of  1692  (B.). 

P  C,  PoriioiiB  of  the  Town  built  on  Limestone  and  left  standing  after  the  Earthquake; 
a  o,  L,  the  Boundary  of  tlie  Town  prior  to  the  Earthquake ;  N  N,  Ground  gained 
by  the  drifting  of  sand  up  to  the  end  of  last  Oentury ;  I  L  H,  Additions  from  the 
same  cause  during  the  firbt  quarter  of  the  present  Century. 

Beche  *  to  show  that  the  portions  of  the  town  which  did  not  disappear 

>  "  Geological  Observer,"  p.  426. 
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daring  the  earthquake  of  1692  were  bnilt  upon  solid  white  limestone, 
while  the  parts  built  on  sand  were  shaken  to  piece& 

It  has  been  observed  that  an  earthquake  shock  will  pass  under 
a  limited  area  without  disturbing  it,  while  the  region  all  round  has 
been  affected,  as  if  there  were  there  some  supet^cial  stratum  pro- 
tected from  the  earth-wave.  Humboldt  cited  a  case  where  miners 
were  driven  up  from  below-ground  by  earthquake  shocks  not 
perceptible  at  the  surface,  and  on  the  other  band,  an  instance  where 
they  experienced  no  sensation  of  an  earthquake  which  shook  the 
BQiiace  with  considerable  violence.^  Such  facts  bring  impressively 
before  the  mind  the  extent  to  which  the  course  of  the  earth- wave 
most  be  modified  by  geological  structure.  In  some  instances  the 
riiock  extends  outwaros  from  a  common  centre,  so  that  a  series  of 
concentric  circles  may  be  drawn  round  the  focus,  each  of  which 
will  denote  a  certain  approximately  uniform  intensity  of  shock 
('^  ooseismic  lines  '*  of  Mallet),  this  intensity  of  course  diminishing 
with  distance  from  the  focus.  The  Calabnan  earthq^uake  of  1857 
and  that  of  Central  Europe  in  1872  may  be  taken  in  illustration 
of  this  central  type.    In  other  cases,  however,  the  earthquake  travels 


the  line  of  the  Andes  and  the  Pacific  Coast. 

Extent  of  country  affected. — ^The  area  shaken  by  an  earth- 
quake varies  with  the  intensity  of  the  shock,  from  a  mere  local  tract 
where  a  slight  tremor  has  been  experienced,  up  to  such  catastrophes 
as  that  of  Lisbon  in  1755,  which,  besides  convulsing  the  Portuguese 
coasts,  extended  into  the  north ^of  Africa  on  the  one  hand  and  to 
Sciuidinavia  on  the  other,  and  was  even  felt  as  far  as  the  east  of 
North  America.  Humboldt  computed  that  the  area  shaken  by  this 
great  earthquake  was  four  times  greater  than  that  of  the  whole  of 
Europe.  The  South  American  earthquakes  are  remarkable  for  the 
great  distances  to  which  their  effects  extend  in  a  linear  direction. 
Thus  the  strip  of  country  in  Peru  and  Ecuador  severely  shaken 
by  the  earthquake  of  1868,  had  a  length  of  2000  miles. 

Depth  of  source. — Over  the  centre  of  origin  the  shock  is  felt 
as  a  vertical  up-and-down  movement  {Seismic  vertical  of  Mallet). 
Beceding  from  it  in  any  direction  this  shock  is  felt  as  an  imdulatory 
movement  and  comes  up  more  and  more  obliquely.  The  angle  of 
emergence^  as  Mallet  showed,  may  be  obtained  by  taking  the  mean 
of  oliservations  of  the  rents  and  displacements  of  walls  and  buildings. 
In  Fig.  65,  for  example,  the  wall  there  represented  has  been  rent 
by  an  earthquake  which  emerged  to  the  sunace  in  the  path  marked 
by  the  arrow. 

By  observations  of  this  nature  Mr.  Mallet  has  shown  how  it  may  be 
possible  to  estimate  approximately  the  depth  of  origin  of  an  earth- 
quake. Let  Fig.  66,  lor  example,  represent  a  portion  of  the  earth's 
>  "  Oumos"  Art  Earihqnahe9, 
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crogt  in  which  at  a  an  earthquake  arises.  The  wave  of  shock  will 
travel  outwards  in  successive  spherical  shells.  At  the  point  e  it  will 
be  felt  as  a  vertical  movement^  and  loose  objects,  such  as  paving-stones, 


Fig.  65. — ^Wall  shattebkd  bt  an  Earthquake,  of  which  the  Path  of  Ennoraci 

HAS  BEEN  IN  THE  DlREOTION  SHOWN  BT  THE  AbBOW.     (AfTEB  MaLLET.) 

may  be  jerked  up  into  the  air,  and  descend  bottom  uppermost  on 
their  previous  sites.  At  d,  however,  the  wave  will  emerge  at  a 
lower  angle,  and  will  give  rise  to  an  nndulation  of  the  ground, 
and  the  oscillation  of  objects  projecting  above  the  surface.  In  rent 
buildings  the  fissures  will  be  on  the  whole  perpendicular  to  the 
path  of  emergence.  By  a  series  of  observations  made  at  different 
points,  as  at  ^  and/,  a  number  of  angles  are  obtained,  and  the  point 
where  the  various  lines  cut  the  vertical  (a)  will  mark  the  area  of 


FiQ.  66. — ^Estimation  of  Souboe  of  Eabthquake  Moyeicents. 

origin  of  the  shock.  By  this  means  Mallet  determined  that  the  depth 
at  which  the  impulse  of  the  Calabrian  earthquake  of  1857  was  given 
was  about  five  miles.  As  the  general  result  of  his  enquiries  he  con- 
cludes that,  on  the  whole,  the  origin  of  earthquakes  must  be  sought  in 
comparatively  superficial  parts  of  the  crust,  probably  never  exceeding 
a  depth  of  30  geographical  mile&  Yon  8eebach  calculated  that  the 
earthquake  which  affected  Central  Europe  in  1872  originated  at  a 
depth  of  9*6  geographical  miles;  that  of  ^Uuno  in  the  same  year 
was  estimatea  by  Hofer  to  have  had  its  source  rather  more  than  4 
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miles  deep;  while  that  of  Herzc^nrath  in  1873  was  placed  by  Yon 
Lasaulx  at  a  depth  of  abont  14^  miles.^ 

Geological  Effects. — ^These  are  dependent  not  only  on  the 
strength  of  the  concussion  but  on  the  structure  of  the  ground,  and  on 
the  site  of  the  disturbance,  whether  underneath  land  or  sea.  They 
include  changes  superinduced  on  the  surface  of  the  land,  on  terrestrid 
and  oceanic  waters,  and  on  the  relative  levels  of  land  and  sea. 

1.  Effects  upon  the  Soil  and  General  Surface  of  a 
Country. — ^The  earth-wave  or  wave  of  shock  underneath  a  country 
may  traverse  a  wide  region  and  affect  it  violently  at  the  time  without 
leaving  permanent  traces  of  its  passage.  BlocKS  of  rock,  however, 
already  disengaged  from  their  parent  masses,  may  be  rolled  down 
into  the  valleys  below.  Landslips  are  produced,  which  may  give 
rise  to  consiaerable  subseouent  changes  of  drainage.  In  some 
instances  ihe  surfaces  of  solid  rocks  are  shattered  as  if  bv  gunpowder, 
as  was  particularly  noticed  in  the  Concepcion  earthquake  of  1835  to 
have  taken  place  among  the  Primary  rocks  of  that  district^  It 
has  often  been  observed  also  that  the  soil  is  rent  by  fissures  which 
Tary  in  size  from  mere  cracks,  like  those  due  to  desiccation,  up  to 
dec^  and  wide  chasms.  Permanent  modifications  of  the  landscape 
ma^  thus  be  produced.  Trees  are  thrown  down  and  buried,  wholly 
or  m  part,  in  the  rents.  These  superficial  effects  may,  indeed,  be  soon 
e&ced  by  the  levelling  power  of  the  atmosphere.  Where,  however, 
the  chasms  are  wide  and  deep  enough  to  intercept  rivulets,  or  to 
senre  as  channels  for  heavy  rain-torrents,  they  are  sometimes  further 
excavated,  so  as  to  become  gradually  enlarged  into  ravines  and  valleys, 
as  has  happened  in  the  case  of  rents  caused  by  the  earthquakes  of 
1811-12,  in  the  Mississippi  valley.  As  a  rule,  each  rent  is  only  a  few 
yards  long.  Sometimes  it  may  extend  for  half  a  mile  or  even  more. 
In  the  earthquake  which  shook  the  South  Island  of  New  Zealand  in 
1848,  a  fissure  was  formed,  avera^ug  18  inches  in  width  and  traceable 
for  a  distance  of  60  miles  parallel  to  the  axis  of  the  adjacent  moun- 
tain-chain. The  subsequent  earthquake  of  1855,  in  the  same  region, 
gave  rise  to  a  fracture  which  could  be  traced  along  the  base  of  a 
hue  of  cliff  for  a  distance  of  about  90  miles.  Dr.  Oldham  has 
described  a  remarkable  series  of  fissurings  which  ran  parallel  with 
the  river  of  Calhar,  Eastern  British  India,  varying  with  it  to  every 
{KHnt  of  the  compass  and  traceable  for  100  miles.^ 

Bemarkable  circular  cavities  have  been  noticed  in  Calabria  and 
elsewhere,  formed  in  the  ground  during  the  passage  of  the  earth- 
ware.  In  many  cases  these  holes  serve  as  funnels  of  escape  for 
an  abundant  discbarge  of  water,  so  that  when  the  disturbance  ceases 
tbey  appear  as  pools.  They  are  believed  to  be  caused  by  the  sudden 
collapse  of  subterranean  water-channels  and  the  consequent  forcible 
ejecticm  of  the  water  to  the  sur&ce. 

*  Hof<jr,  8Uj^  Ahad.  Wien,  Deoember  1876.     Yon  Losanlx,  Da$  Erdbeben  von 
Benoaaurafh  am  22  October^  1878,  Bonn,  1874. 

'  Darwin,  Jowmal  of  Be$earcheSj  1845,  p.  303. 

*  Q.  J,  OeoL  Boe.  uyIH.  p.  257. 
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2.  Effects  UDon  Terrestrial  Waters.^ — Springs  are  tem- 
porarily affected  oy  earthquake  moyementSy  becoming  greater  or 
smaller  in  Yolume,  sometimes  muddy  or  discoloured,  and  sometimes 
increasing  in  temperature.  Brooks  and  rivers  have  been  observed  to 
flow  with  an  interrupted  course,  increasing  or  diminishing  in  size, 
stopping  in  their  flow  so  as  to  leave  their  channels  dry,  and  then 
rolling  forward  with  increased  rapidity.  Lakes  are  still  more 
sensitive.  Their  waters  occasionally  rise  and  fall  for  several  hoars, 
even  at  a  distance  of  many  hundred  miles  from  the  centre  of  disturb- 
ance. Thus,  on  the  day  of  the  great  lisbon  earthquake,  many  of  the 
lakes  of  central  and  north-western  Europe  were  so  affected  as  to  main- 
tain a  succession  of  waves  rising  to  a  height  of  2  or  3  feet  above  their 
usual  level.  Cases,  however,  have  been  observed  where,  owing  to 
excessive  subterranean  movement^  lakes  have  been  emptied  of  their 
contents  and  their  beds  have  been  left  permanently  dry.  On  the 
other  hand,  areas  of  dry  ground  have  oeen  depressed,  and  have 
become  the  sites  of  new  lakes. ; 

Some  of  the  most  important  changes  in  the  fresh  water  of  a 
region,  however,  are  produced  by  the  fall  of  masses  of  rock  and  earth, 
which,  by  damming  up  a  stream,  meLj  so  arrest  its  water  as  to  form 
a  lake.  If  the  barrier  be  of  sufficient  strength,  the  lake  will  be 
permanent ;  though  from  the  usually  loose,  incoherent  character  of 
its  materials,  the  dam  thrown  across  the  pathway  of  a  stream  runs  a 
great  risk  of  being  undermined  by  the  percolating  water.  A  sudden 
giving  way  of  tlie  barrier  allows  the  confined  water  to  rush  with 
great  violence  down  the  valley  and  to  produce  perhaps  tenfold  more 
navoc  there  than  may  have  been  caused  by  the  original  earthquake. 
When  a  landslip  is  of  sufficient  dimensions  to  divert  a  stream  from 
its  previous  course,  the  new  channel  thus  taken  may  become 
permanent,  and  a  valley  may  be  cut  out  or  widened. 

3.  Effects  upon  the  Sea. — The  great  sea-wave  propagated 
outward  from  the  centre  of  a  sub-oceanic  earthquake,  and  reaching 
the  land  after  the  earth-wave  has  arrived  there,  gives  rise  to  maen 
destruction  along  the  maritime  parts  of  the  disturbed  region.  As  it 
approaches  the  shore,  the  littoral  waters  retreat  seawards,  sucked  np, 
as  it  were,  by  the  advancing  wall  of  water,  which,  reaching  a  height 
of  sometimes  60  feet,  rushes  over  the  bare  beach  and  sweeps  inland, 
carrying  with  it  everything  which  it  can  dislodge  and  bear  away. 
Loose  blocks  of  rock  are  thus  lifted  to  a  considerable  distance  from 
their  former  position,  and  left  at  a  higher  level.  Deposits  of  sand, 
gravel,  and  other  superficial  accumulations  are  torn  up  and  swept 
away,  while  the  surface  of  the  country,  as  far  as  the  limit  reached  by 
the  wave,  is  strewn  with  debris.  If  the  district  has  been  already 
shattered  by  the  passage  of  the  earth-wave,  the  advent  of  the  great 
sea-wave  augments  and  completes  the  devastation.  The  havoc 
caused  by  the  Lisbon  earthquake  of  1755,  and  by  that  of  Peru  and 
Ecuador  in  1868,  was  much  aggravated  by  the  co-operation  of  the 
oceanic  wave. 

>  King©,  Neue$  Jahth.^  1861,  p.  777. 
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4.  Permanent  Changes  of  Level. — ^It  hajs  been  observed, 
aAer  the  passage  of  an  earthquake,  that  the  level  of  the  disturbed 
country  has  sometimes  been  changed.  Thus  after  the  terrible 
earthquake  of  19th  November  1822,  the  coast  of  Ohili  for  a  long 
distance  was  found  to  have  risen  from  3  to  4  feet,  so  that  along 
diore  littoral  shells  were  exposed  adhering  still  to  the  rocks  amid 
multitudes  of  dead  fish.  The  same  coast-line  has  been  further 
upraised  by  subsequent  earthquake  shocks.  On  the  other  hand, 
many  instances  have  been  observed  where  the  effect  of  the  earth* 
quake  has  been  to  depress  permanently  the  disturbed  ground.  For 
example,  bv  the  Bengal  earthquake  of  1762,  an  area  of  60  square 
miles  on  the  coast,  near  Chittagong,  suddenly  went  down  beneath 
the  sea,  leaving  only  the  tops  of  the  higher  eminences  above  water. 
The  succession  of  earthquaKcs  which  in  the  years  1811  and  1812 
devastated  the  basin  of  the  Mississippi,  gave  rise  to  widespread 
depressions  of  the  ground,  over  some  of  which,  aboye  alluded  to, 
the  river  spread  so  as  to  form  new  lakes,  with  the  tops  of  the  trees 
itill  standing  above  the  surface  of  the  water. 

Distribution  of  Earthquakes. — While  no  large  space  of  the 
earth's  surface  seems  to  be  free  from  at  least  some  deffree  of  earth- 
quake-movement,  there  are  regions  more  especially  liable  to  the 
visitation.  As  a  rule,  earthqtuikes  are  most  frequent  in  volcanic 
districts,  the  explosions  of  a  volcano  being  generally  preceded  or 
accompanied  by  tremors  of  greater  or  less  intensity.  In  the  Old 
WorM  a  great  belt  of  earthquake  disturbance  stretches  in  an  east 
and  west  direction,  along  that  tract  of  remarkable  depressions  and 
elevations  lying  between  the  Alps  and  the  mountains  of  northern 
Africa,  and  spreading  eastward  so  as  to  enclose  the  basins  of  ihe 
Mediterranean,  Black  Sea,  Caspian,  and  Sea  of  Aral,  and  to  rise 
bto  the  great  mountain-ridges  of  Central  Asia.  In  this  zone  lie 
numerous  volcam'c  vents,  both  active  and  extinct  or  dormant,  from 
the  Azores  on  the  west  to  the  basaltic  plateaux  of  India  on  the  east. 
The  Pacific  Ocean  is  surrounded  with  a  vast  ring  of  volcanic  vents, 
and  its  borders  are  likewise  subject  to  frequent  earthquake  shocks. 
Some  of  the  most  terrible  earthquakes  within  human  experience 
have  been  those  which  have  affected  the  western  seaboard  of  South 
America. 

Origin  of  Sarthquakes. — ^Though  the  phenomena  of  an  earthquake 
become  intelligible  as  the  results  of  the  transmission  of  waves  of 
shock  arising  from  a  centre  where  some  sudden  and  violent  impulse 
has  been  given  within  the  terrestrial  crust,  the  origin  of  this 
sodden  blow  can  only  be  conjectured.  Various  conceivable  causes 
may  at  different  times  and  under  different  conditions,  communicate  a 
shock  to  the  subterranean  regions.  Such  are  the  sudden  flashing 
into  steam  of  water  in  the  spheroidal  state,  the  sudden  condensation 
of  steam,  the  explosions  of  a  volcanic  orifice,  the  faUing  in  of  the 
roof  of  a  subterranean  cavity,  or  the  sudden  snap  of  deep-seated  rocks 
subjected  to  prolonged  and  intense  strain. 
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Li  Tolcanio  regions  the  frequent  earthquakes  which  precede 
or  accompany  eruptions  are  doubtless  traceable  to  explosions  of 
elastic  vapours  and  notably  of  steam.  As  earthqui&es  originate 
also  in  districts  remote  from  any  active  volcano,  and,  so  utr  as 
observation  showsy  at  comparatively  shallow  depths,  these  cannot 
be  connected  with  ordinary  volcanic  action,  thougn  it  is  possible  that 
by  movements  of  molten  or  highly-heated  matter  within  the  crust 
and  its  invasion  of  the  upper  layer,  to  which  meteoric  water  in  con- 
siderable quan^tities  descends,  sudden  and  extensive  generation  of 
steam  may  occasi<mally  take  place.^  Li  minor  cases  where  the 
tremor  is  slight  and  local,  we  may  conceive  that  the  collapse  of  the 
roof  or  sides  of  aome  of  the  numerous  tunnels  and  caverns  dissolved 
out  of  undem*ound  rocks  by  permeating  water  may  sufBce  to 
produce  the  observed  shocks.  Where,  however,  the  area  convulsed 
IS  large,  some  more  potent  cause  must  be  sought.  One  of  the  most 
abvious  of  these  is  the  rupture  of  rocks  within  the  crust  under  the 
intense  strain  produced  by  subsidence  upon  the  more  rapidly  c(Ui- 
tracting  inner  hot  nucleus.  In  mountainous  districts  many  dinereot 
degrees  of  shock  from  mere  trenK>r8  up  to  important  earthquakes 
have  been  observed,  and  these  are  not  improbably  due  to  sudden 
more  or  less  extensive  fractures  of  rocks  which  are  still  under  great 
strain.'  Hoemes,  from  a  study  of  earthquake  phenomena,  concmdes 
that  though  some  minor  earth-tremors  may  be  due  to  the  collapse  of 
underground  caverns,  and  others  of  local  character  to  volcanic  action, 
the  greatest  and  most  important  earthquakes  are  the  immediate  con- 
seouences  of  the  formation  of  monntams,  and  he  connects  the  lines 
followed  by  earthquakes  with  the  structural  lines  ot  mountain-axes.' 

A  comparison  of  the  dates  of  recorded  earthquakes  shows  that 
they  have  occurred  more  frequently  in  the  winter  half  than  in  the 
summer  half  of  the  year.  Out  of  656  earthquakes  chronicled  in 
France  up  to  the  year  1845,  three-fifths  took  place  in  the  winter, 
and  two-mths  in  the  summer  montha  In  Switsserland  also  they  haye 
been  observed  to  be  about  three  times  more  numerous  in  winter  than 
in  summer.^  The  same  fieu^t  is  remarked  in  the  history  of  earthquakes 
in  Britain.  The  general  concurrence  of  testimcaiy  would  seem  to 
show  that  this  cannot  be  an  accidental  circumstance,  though  it  is 
not  easy  to  explain  how  mere  differences  of  atmospheric  pressure  can 
affect  tiie  staoility  of  the  interior  of  the  crust  (See  the  remarb 
already  made  in  regard  to  Stromboli,  p.  210.) 

Section  UL — Secular  Upheaval  and  Depression. 

Besides  sudden  movements  due  to  earthquake-shocks,  the  cmst 
of  the  earth  undergoes  in  many  places  oscillations  of  an  extremely 

>  PAif,  AUgemekie  CMogie  dU  exaeU  Wittemehaft,  p-  280. 

'  See  posUa,  p.  809.    Saeee,  EniiUhung  der  Alpen,  Vienna,  1875. 

•  **  Eidbeben  Btudien.''  Jahfh.  Geol.  Beiehi,  xxnii.  (1878)  p.  448. 

*  Perrey,  op.  eii.  Penej  and  IXAbbadie  haTe  likewiae  tried  to  trace  a  oonnectioa 
between  the  greater  frequency  of  earthqnakee  and  the  moon's  neame«  to  the  earth. 
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quiet  and  nnifonn  character^  sometimes  of  an  eleyatory,  sometimes 
ot  a  subsiding  natnre.  So  tranquil  may  these  changes  be  as  to 
produce  fit>m  day  to  day  no  appreciable  alteration  in  tne  aspect  of 
the  gnmnd  affected,  so  that  only  after  the  lapse  of  several  genera- 
ikms,  and  by  means  of  careful  measurements,  can  they  really  be 
proved.  Indeed,  in  the  interior  of  a  country  nothing  but  a  series 
of  accurate  levellings  from  some  unmoved  datun>-line  might  detect 
the  cban^  of  leve^  unless  the  effects  of  this  terrestrial  disturl^mce 
•bowed  themselves  in  altering  the  drainage.  It  is  only  along  the 
KBrcoaei  that  a  ready  measure  is  afforded  of  any  such  movement. 

It  is  customary  in  popular  language  to  speak  of  the  sea  rising  or 
filing  redatively  to  the  land.  We  cannot  conceive  of  any  possible 
augmentation  of  the  oceanic  waters,  nor  of  any  diminution  save  what 
may  be  due  to  the  extremely  slow  processes  of  abstraction  by  the 
hydration  of  minerals  and  absorption  into  the  earth's  interior. 
Any  changes,  therefore,  in  the  relative  levels  of  sea  and  land  must 
be  doe  to  some  readjustment  in  the  form  either  of  the  solid  globe  or 
of  its  watery  envelope  or  of  both.  Playfair  pointed  out  at  the  be- 
ginning of  this  century  that  no  subsidence  of  the  sea-level  could 
be  loc^  but  must  extend  over  the  globe. 

Various  suggestions  have  been  made  regarding  possible  causes 
of  alteration  ot  the  sei^level.  Thus  a  shifting  of  the  present  dis- 
txibution  of  density  within  the  nucleus  of  the  planet  would  affect  the 
positi<m  and  level  of  the  oceans  ^ante,  p.  44).  A  change  in  the 
earth's  centre  of  gravity,  such  as  might  result  from  the  accumulation 
of  large  masses  of  snow  and  ice  as  an  ice-cap  at  one  of  the  poles, 
has  been  already  (p.  18])  referred  to  as  tending  to  raise  the  level  of 
the  ocean  in  tne  hemiaphere  so  affected,  and  to  diminish  it  in  a 
corresponding  measure  elsewhere.  The  return  of  the  ice  into  the 
state  of  water  would  produce  an  opposite  effect  A  still  further 
conceivable  source  of  geogn^ieal  disturbance  is  to  be  found  in  the 
fact  that,  as  a  con8e<]^uence  of  the  diminution  of  centrifugal  force 
owing  to  the  retardation  of  the  earth's  rotation  caused  by  the  tidal 
wave,  the  sea-level  must  have  a  tendency  to  subside  at  the  equator 
and  rise  at  the  poles.^  A  larger  amount  of  land,  however,  need  not 
ultimately  be  laid  bare  at  the  equator,  for  the  change  of  level 
resulting  from  this  cause  would  be  so  ^w  that  as  Dr.  GroU  has 
pointed  out,  the  general  degradation  of  the  surface  ot  the  land  might 
keep  pace  with  it,  and  dimmish  the  terrestrial  area  as  much  as  the 
retreat  of  the  ocean  tended  to  increase  it  The  same  writer  has 
forther  suggested  that  the  waste  of  the  equatorial  land,  and  the 
deposition  of  the  detritus  in  higher  latitudes,  may  still  further 
counteract  the  effects  of  retardation  and  the  consequent  change  of 
ooean-Ievel.* 

■  OoO.  Pkd.  Uag.  1S68,  p.  882.    Sir  W.  ThomiOD,  Tran$.  Otci.  8oc.  CfUugow,  iil 

*  Id  »  teont  QODunirofoRtioQ  to  the  *  Geologiiche  Rdohaanttalt'  of  Vienna,  Herr 
Edvud  Boeet  bM  itAted  hit  oooTiotion  that  the  limiti  of  the  dry  land  depend  upon 
Mrtaia  large  iDdelermi&ate  OKiUatkmf  of  the  ttatioal  figure  of  the  ooeanic  enTelopo ; 
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The  balance  of  eyidence  at  present  available  seems  decidedly 
adverse  to  any  .theory  which  would  account  for  ancient  and  modem 
changes  in  the  relative  level  of  sea  and  land  by  variations  in  the 
figure  of  the  oceanic  envelope,  but  to  be  in  favour  of  regarding  snch 
changes  as  due  to  movements  of  the  solid  crust.  The  proofs  of  up- 
heaval and  subsidence,  though  sometimes  obtainable  from  wide  areas, 
are  marked  by  a  want  of  uniformity  and  a  local  and  variable  char- 
acter indicative  of  an  action  local  and  variable  in  its  operations,  such 
as  the  folding  of  the  terrestrial  crust,  and  not  uniform  and  wide- 
spread, such  as  might  be  predicated  of  any  alteration  of  sea-leveL 
While  admitting  therefore  that  to  a  certain  extent  oscillations  of  the 
relative  level  of  sea  and  land  may  have  arisen  from  some  of  the 
causes  above  enumerated,  we  must  hold  that  on  the  whole  it  is  the 
land  which  rises  and  sinks  rather  than  the  sea.^ 

§  i.  UpheavaL — ^Various  maritime  tracts  of  land  have  been  ascer- 
tained to  have  undergone  in  recent  times,  or  to  be  still  undergoing, 
a  gradual  elevation  alx)ve  the  sea.  Thus,  the  coast  of  Siberia,  for 
600  miles  to  the  east  of  the  river  Lena,  the  islands  of  Spitzbergen 
and  Novaja  Zemlja,  the  Scandinavian  peninsula  with  the  exception 
of  a  small  area  at  its  southern  apex,  and  a  maritime  strip  of  w^tera 
South  America,  have  been  proved  to  have  been  recently  upheaved. 
In  searching  for  proofs  of  such  movements  the  student  must  be  on 
his  guard  against  oeing  deceived  by  any  apparent  retreat  of  the  sea, 
which  may  be  due  merely  to  the  deposit  of  gravel,  sand,  or  mud 
along  the  shore,  and  the  consequent  gain  of  land.  Local  accumula- 
tions of  gravel  or  "  storm  beaches  "  are  often  thrown  up  by  storms, 
even  above  the  level  of  ordinary  high-tide  mark.  In  estuaries,  also, 
considerable  tracts  of  low  ground  are  gradually  raised  above  the  tide 
level  by  the  slow  deposit  of  mud.  The  following  proofs  of  actual  rise 
of  the  land  are  chiefly  to  be  relied  on.* 

Evidence  from  dead  organisms. — ^Bocks  covered  with 
barnacles  or  other  littoral  adherent  animals,  or  pierced  by  lithodom- 
ous  shells,  afford  presumptive  proof  of  the  presence  of  the  sea.  A 
single  stone  with  these  creatures  on  its  suriace  would  not  be  satis- 
factory evidence,  for  it  might  be  cast  up  by  a  storm ;  but  a  Une  of 
large  boulders,  which  had  evidently  not  been  moved  since  the  dni- 
pedes  and  molluscs  lived  upon  them,  and  still  more  a  solid  cliff  with 
these  marks  of  littoral  or  sub-littoral  life  upon  its  base,  now  raised 

that  not  only  aie  **  raised  beaohes  "  to  be  thus  explained,  bat  that  there  are  ahxkhitely 
no  Tertical  movements  of  the  craat  save  saoh  as  may  foim  part  of  the  plication  arioDg 
from  secular  contraction ;  and  that  the  doctrine  of  secular  fluctuatioDs  in  the  krel  of  ths 
oontioents  is  merely  a  remnant  of  the  old  **  Erhebungstheorie,"  destined  to  soeedy 
extinction.  He  is  preparing  a  separate  work  on  the  subject,  in  which  he  wiU  prootbfy 
explain  how  he  supposes  the  oscillations  in  the  equilibriam  of  the  oceans  to  bars  been 
caused.    iSee  Verhand,  OeoL  Re%eh$.  1880,  No.  11. 

>  The  arguments  which  can  "be  brought  forward  against  the  view  above  adopted  and  in 
fikvour  of  the  doctrine  that  the  increase  of  the  land  above  sea-level  is  due  to  the  retire- 
ment of  the  sea,  will  be  found  in  an  essay  by  H.  Tiautsohold  in  the  BmUdin  SocUti  Imf> 
de$  Naturalittes  de  Motcou,  xlii.  (1809)  part  L  p.  1. 

t  See  *•  Earthquakes  and  Volcanoes  "  (A.  G.),  Chambers's  MUodlan^  qf  TmdU. 
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above  hi^h-water  mark,  would  be  Bufficient  to  demonstrate  a  rise  of 
land.  The  amount  of  the  upheaval  might  be  pretty  accurately 
determined  by  measuring  the  vertical  distance  between  the  upper 
edge  of  the  barnacle  zone  upon  the  upraised  rock,  and  the  limit  of 
the  same  zone  on  the  present  shore.  By  this  kind  of  evidence  the 
recent  uprise  of  the  coast  of  Scandinavia  has  been  proved.  The  shell 
borings  on  the  pillars  of  the  temple  of  Jupiter  Serapis  in  the  Bay 
of  Naples  prove  first  a  depression  and  then  an  elevation  of  the 
groond  to  the  extent  of  more  than  twenty  feet.* 

Of  similar  import  is  the  evidence  furnished  by  dead  organisms 
fixed  in  their  position  of  growth  beneath  sea-leveL  Thus  dead 
Bpecimens  of  Mya  truneata  occur  on  some  parts  of  the  coast  of  the 
Firth  of  Forth  in  considerable  numbers  still  placed  with  theur 
trphunoulsur  end  uppermost  in  the  stiff  clay  in  which  they  burrowed. 
The  poiition  of  these  shells  is  about  high-water  mark,  but  as  their 
existmg  descendants  do  not  live  above  low-water  mark,  we  may  infer 
that  the  coast  has  been  raised  by  at  least  the  difference  between  high 
and  low-water  mark,  or  eighteen  feet.^  Shells  of  the  large  Phdas 
dadyluB  occur  in  a  similar  position  near  high-water  mark  on  the 
Aynhire  coast  Even  below  low-water  examples  have  been  noted, 
as  in  the  interesting  case  observed  by  Sars  on  the  Drobaksbank  in 
the  Christiania  Fjord,  where  dead  stems  of  OctUinaprolifera  (h.)  occur 
at  depths  of  only  ten  or  fifteen  fathoms.  This  coral  is  really  a  deep- 
sea  form,  living  on  the  western  and  northern  coasts  of  Norway  at 
depths  of  one  hundred  and  fifty  to  three  hundred  fathoms  in  cold 
water.  It  must  have  been  killed  as  the  elevation  of  the  area  brought 
it  up  into  upper  and  warmer  layers  of  water.^  It  has  even  been 
said  that  the  pines  on  the  edges  of  the  Norwedan  snow-fields  are 
dying  in  consequence  of  the  secular  elevation  of  the  land  bringing 
them  up  into  colder  zones  of  the  atmosphere. 

Any  stratum  of  rock  containing  marine  organisms  which  have 
manifestly  lived  and  died  where  their  remains  now  lie,  must  be  held 
to  prove  upheaval  of  the  land.  In  this  way  it  can  be  shown  that 
most  of  the  solid  land  now  visible  to  us  has  once  been  under  the  sea. 
High  on  the  flanks  of  mountain  chains  (as  in  the  Alps  and  Hima- 
layas), undoubted  marine  shells  occur  in  the  solid  rocks. 

Sea-worn  Caves. — ^A  line  of  sea-worn  caves,  now  standing  at  a 
distance  above  high-water  mark  beyond  the  reach  of  the  sea,  affords 
evidence  of  recent  uprise.  In  the  accompanying  diagram  (Fig.  67) 
examples  of  such  caves  are  seen  at  the  base  of  the  cliff,  once  the 
tea-margin,  now  separated  from  the  tide  by  a  platform  of  meadow- 
land. 

Raised  Beaches  furnish  one  of  the  most  striking  proofs  of 
upheaval.    A  beach,  or  space  between  tide-marks,  where  the  sea  is 

*  B»Hl»gtt.  Edin,  Phil  Joum,  xi  (1S24)»  91.  J.  D.  Forbes,  Edin.  Joum.  8cL  i.  (1S29). 
pu  WO.  Lyefl,  -  PriDdplM,"  ii.  p.  16*. 

'  Hugh  Miller'8  Edinburgh  and  iU  Neighbourhood,  p.  110. 

*  Qo^wd  by  Vom  Bath  in  a  paper  cDtiUed  ^  Axu  Norwegen,**  Neu«$  Jahrb,  1869, 
p.  422.    For  aDotber  example  tee  Gwyn  Jeffirejs,  BriL  A$»oe^  1867,  p.  431. 
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constantly  grinding  down  sand  and  gravel,  mingling  with  tbem  the 
remains  of  shells  and  other  organisms,  sometimes  piung  the  deposits 
up,  sometimes  sweeping  them  away  oat  into  opener  water,  formfl  a 


Via.  67« — Ydbw  of  a  Line  of  ancient  Ska-cliff  pubcid  at  tbb  BAa  with  8ka- 

WORN  Ca7£B  and  FBOHTBD  BT  A  BAIBBD  BbaCB. 


familiar  terrace  or  platform  on  coast-lines  skirting  tidal  seas.  When 
land  is  upraised,  and  this  margin  of  littoral  denosits  is  carried 
above  the  reach  of  the  waves,  the  flat  terrace  thus  elevated  is  known 
as  a  *'  raised  beach "  (Figs.  67,  68).  The  former  high-water  mark 
then  lies  inland,  and  while  its  sea-worn  caves  are  in  time  hung  with 
ferns  and  mosses,  the  beach  across  which  the  tides  once  flowed 
fmiiishes  a  platform,  on  which  meadows,  fields,  eardene^  roads^ 
houses,  villages,  and  towns  sjpring  up,  while  a  new  beach  is  made 
below  the  margin  of  the  uplifted  one. 


.  _^ V 
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Via,  68. — Bbctiov  of  a  Ramkd  Beach,  Composbd  of  Gbavbl  ahd  Saitd  (h  ^  d) 

BBTINO  OH  UPTUIUrSD  8LATU  (a).     FUTSTBALL  BaT,  COBBWALL  (B>. 

Eaised  beaches  abound  in  the  higher  latitudes  of  the  northern 
and  southern  hemispheres.  They  are  found,  for  example,  round 
many  parts  of  the  coast  line  of  Britain.    De  la  Beche  gives  the 
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gnbjoined  view  (Fig.  69)  of  a  Oomish  locality  where  the  existing 
beach  is  flanked  by  a  cliff  of  slate,  b,  continually  cut  away  by  the 
sea  BO  that  the  overlying  raised  beach^  a,  e^  will  ere  long  disappear. 


Fio.  69. — ^YiEW  or  Raised  Bbach,  Nellt'b  Gatb,  Cobnwall  (B). 

The  ooast-line  on  both  sides  of  Scotland  is  Kkewise  fringed  with 
laised  beaches,  sometimes  four  or  five  occurring  above  each  other 
at  heights  of  25,  40,  50,  60,  75  and  100  feet  above  the  present 
high-water  mark.^  The  sides  of  the  mountainous  Qords  of  Northern 
Norway,  up  to  more  than  600  feet  above  sea-level,  are  marked 
with  eonspicuous  lines  of  terraces  (Pig.  70),  some  of  which  are 


Fia.  70.~Vnw  of  Tkbbacts,  Alten  Fjobd,  Nobwat. 

remarkable  for  showing  an  increase  in  their  height  at  a  distfitnce  of 
fifty  miles  inland,  and  thus  indicating  a  greater  upward  movement 
towards  the  interior  than  seawards.      These    terraces  aire  partly 

*  For  Mooonto  of  some  British  raised  beaches  see  De  hi  Beolie,  Memoir  on  Qeology  of 
Bevm  athd  CornvfoU ;  B.  Chambers,  "  Ancient  Sea  Margins; "  Prestwich,  Q.  J,  Oeol  Soc^ 
xxfiii.  p.  38 ;  xxxL  p.  29.    Usher,  Oeol  Mag,  1879,  p.  166. 
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ordinary  beach  deposits,  partly  notches  cnt  out  of  rock.^  Each 
terrace  marks  a  former  lower  level  of  the  land  with  regard  to  the 
sea,  and  probably  a  lengthened  stay  of  the  land  at  that  leyely  while 
the  intervals  between  them  represent  the  vertical  amount  of  each 
successive  uplift,  and  show  that  the  land  in  its  upward  moyement 
did  not  remain  long  enough  at  intermediate  points  for  the  formation 
of  terraces.  A  succession  of  raised  beaches,  rising  above  the  present 
sea-leyel,  may  therefore  be  taken  as  pointing  to  a  former  intermittent 
upheaval  of  the  country,  interrupted  by  long  pauses  during  which 
the  general  level  did  not  materially  change. 

On  the  west  coast  of  South  America  lines  of  raised  terrace 
containing  recent  shells  have  been  traced  by  Darwin,  which  prove  a 

freat  upheaval  of  that  part  of  the  globe  in  modem  geological  time, 
he  terraces  are  not  quite  horizontal  but  rise  towards  the  south.  On 
the  frontier  of  Bolivia  they  occur  at  from  65  to  80  feet  above  the 
existing  sea-level,  but  nearer  the  higher  mass  of  the  Chilian  Andes 
they  are  found  at  1000,  and  near  Valparaiso  at  1300  feet  That 
some  of  these  ancient  sea  margins  belong  to  the  human  period,  was 
shown  by  Mr.  Darwin's  discovery  of  shells  with  bones  of  birds,  ean 
of  maize,  plaited  reeds  and  cotton  thread  in  one  of  the  terraces 
opposite  Callao  at  a  height  of  85  feet'  Baised  beaches  occur  in 
New  Zealand,  and  indicate  a  greater  elevation  of  the  southern  than 
the  northern  part  of  the  country.^  It  should  be  observed  that  this 
increased  rise  of  the  terraces  polewards  occurs  both  in  the  northern 
and  southern  hemisphere,  and  is  one  of  the  facts  insisted  upon  bj 
those  who  would  explain  the  terraces  by  displacements  of  the  sea 
rather  than  of  the  land. 

Human  Becords  and  Traditions. — ^In  countries  which  have 
been  long  settled  by  a  human  population,  it  is  sometimes  possible  to 

Eroye,  or  at  least  to  render  probable,  the  fact  of  recent  uprise  of  the 
ind  by  reference  to  tradition,  to  local  names,  and  to  works  of  homan 
construction.  Piers  and  harbours,  if  now  found  to  stand  above  the 
upper  limit  of  high-water,  furnish  indeed  indisputable  eyidenoe  of  a 
rise  of  land  since  their  erection.  Numerous  proofs  of  a  recent 
upheaval  of  the  coast  line  of  the  Arctic  Ocean  from  Spitxbergeo 
eastward  have  been  observed.  At  Spitzbergen  itself,  besides  iti 
raised  beaches,  bearing  witness  to  previous  elevations,  small  islaodf 
which  existed  two  hundred  years  a£;oare  nowjoined  to  larger  portioM 
of  land.  At  Novaja  Zemlja  since  me  Dutch  expedition  of  1594  there 
seems  to  have  been  a  rising  of  the  sea  bottom  to  the  extent  of  100 
feet  or  more*    On  the  north  coast  of  Siberia  the  island  of  Diomida, 

>  Se6  R,  CJumbere,  '^Tracings  of  the  North  of  Enropo  "  (IS50\  p.  172,  «<  "y 
BraTais,  Voyages  de  la  Commi$$ion  Scieiitifique  du  Nord.  ic..  tnii«latea  in  Q.  J-  0^ 
6oe.  I  p.  534.  Kiepulf,  Z.  VeuUch.  Oeol.  Oes.  xxii  p.  1.  ••  Die  Goolojfio  dt«  M. «»« 
mittL  NoiweKen,'^  1880,  p.  7.  Oeol  Mag.  yiii.  p.  74.  Dakyna,  GeoL  Mng.  1877.  p.  71 
Lehmann,  ••Uebep  ehemalig©  Strandlinien,**  Ac,  Hallo,  1879.  ZeiUeK  ge$.  Sainnfu'- 
1880,  p.  280.    K.  Pettenen,  TVtmwd  Mu$eumt  Aarthe/Ur,  UL  18Sa 

•  *♦  Geologionl  Obterratioiu,"  ohap.  ix. 

•  Uaaat's  "Uei.logy  of  Canterbury/  1879.  p.  rCO. 


Digitized  by 


Google 


Pabt  L  Sect,  iii.]        SUBMERGED  FORESTS. 


281 


obseired  in  1760  by  Chalaourof  to  the  east  of  Cape  Sviatoj,  was  found 
by  Wrangel  sixty  years  afterwards  to  have  been  united  to  the 
mainland.^ 

§  2.  Subsidenoe.  It  is  more  difficult  to  trace  a  downward  move- 
ment of  land,  for  the  evidence  of  each  successive  sea-margin  is  carried 
down  and  washed  away  or  covered  up.  The  student  will  take  care 
to  guard  himself  against  being  misled  by  mere  proofs  of  the 
advance  of  the  sea  on  the  land.  In  the  great  majority  of  cases  where 
such  an  advance  is  taking  place,  it  is  due  not  to  subsidence  of  the 
land,  but  to  erosion  of  the  shores.  It  is  indeed  the  converse  of  the 
deposition  above  mentioned  (p.  276)  as  liable  to  be  mistaken  for 
proof  of  upheaval.  The  results  of  mere  erosion  by  the  sea,  how- 
ever, and  those  of  actual  depression  of  the  level  of  the  land,  cannot 
always  be  distinguished  without  some  care.  The  encroachment  of 
the  sea  upon  the  land  may  involve  the  disappearance  of  successive 
fields,  roads,  houses,  villages,  and  even  whole  parishes,  without  any 
actual  chanfi;e  of  level  of  the  land.  The  foUowmg  kinds  of  evidence 
may  be  held  to  prove  the  fact  of  subsidence. 

Submerged  Forests. — ^As  the  land  is  brought  down  within 
reach  of  the  waves,  and  its  characteristic  surface-features  are  effaced, 


?4i^^id^^^ 


Fig.  71. — SBonoN  of  Submeboed  Forest  (B). 

A  platfonn  of  older  rocks  («  e)  has  been  covered  with  boU  (d  d)  on  which  trees  (a  a  a) 
haye  established  themselves.  In  course  of  time,  after  some  of  ^e  trees  bad  fallen  (b\ 
and  a  quantity  of  vegetable  soU  had  accumulated,  encloeinjc  here  and  there  the 
bones  of  deer  and  oxen  (o  o),  the  area  sank,  and  the  sea  overflowing  it  threw  down 
upon  its  surface  sandy  or  muddy  deposits  (//}. 

the  submerged  area  may  retain  little  or  no  evidence  of  its  having 
been  a  land-surface.  It  will  be  covered,  as  a  rule,  with  sea-worn  sand 
or  silt.  Hence,  no  doubt,  the  reason  why,  among  the  marine  strata 
which  form  so  much  of  the  stratified  portion  of  the  earth's  crust,  and 
coDtain  so  many  proofs  of  depression,  actual  traces  of  land-surfaces 
are  comparatively  rare.  It  is  only  under  very  favourable  circum- 
stances, as,  for  instance,  where  the  area  is  sheltered  from  prevalent 
winds  and  waves,  and  where,  therefore,  the  surface  of  the  land  can 

*  Grad.  BuU.  8oe.  OkiL  France,  3rd  ser.  it  p.  348.  Traces  of  oscillations  of  level 
withm  historic  times  have  been  observed  in  the  Netherlands  and  Upper  Italy.  BuXL 
8oc.  G€cL  France^  2nd  ser.  xix.  p.  536 ;  3rd  ser.  ii  pp.  46,  222. 
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sink  tranqnilly  under  the  sea,  that  fragments  of  that  snrlace  may  be 
preserved  under  overlying  marine  accumulations.  It  is  in  such 
places  that  ^  submergea  forests  "  occur.  These  are  stumps  of  trees 
still  in  their  positions  of  growth  in  their  native  soil,  often  associated 
with  beds  of  peat,  full  of  tree-roots,  hazel-nuts^  branches,  leaves,  and 
other  indications  of  a  terrestrial  surface. 

Do  la  Beche  has  described,  round  the  shores  of  Devon,  Cornwall, 
and  western  Somerset,  a  vegetable  accumulation,  consisting  of  plants 
of  the  same  species  as  those  whidi  now  grow  freely  on  the  adjoining 
land,  and  occurring  as  a  bed  at  the  mouths  of  valleys,  at  the  bottoms 
of  sheltered  bays,  and  in  front  of  and  under  low  tracts  of  land,  of 
which  the  seaward  side  dips  beneath  the  present  level  of  the  sea.^ 
Over  this  submerged  land-surface  sand  ana  silt  containing  estnarine 
shells  have  generally  been  deposited,  whence  we  may  infer  that  in 
the  submergence  the  valleys  lirst  became  estuaries,  and  then  sea- 
bays.  If  now,  in  the  course  of  ages,  a  series  of  such  submerged 
forests  should  be  formed  one  over  the  other,  and  if,  finally,  tBej 
should,  by  upheaval  of  the  sea-bottom,  be  once  more  laid  drv,  so  as 
to  be  capable  of  examination  by  boring,  well-sinking,  or  otherwise, 
they  would  prove  a  former  long-continued  depression,  with  intervals 
of  rest.  These  intervals  would  be  marked  bv  the  buried  forests,  and 
the  progress  of  depression  by  the  strata  of  sand  and  mud  lying  between 
them.  In  short,  the  evidence  would  be  strictly  on  a  parallel  with 
that  furnished  b^  a  succession  of  raised  beaches  as  to  a  former 
protracted  intermittent  elevation. 

Coral-islands. — Evidence  of  wide-spread  depression,  over  the 
area  of  the  Pacific  and  Indian  Oceans,  has  been  adduced  from  the 
structure  and  growth  of  coral  reefs  and  islands.  Mr.  Darwin,  many 
years  ago,  pointed  out  that  as  the  reef-building  corals  do  not  live  at 
depths  of  more  than  20  to  30  fathoms,  and  yet  their  reeCs  rise 
out  of  deep  water,  the  sites  on  which  they  have  formed  thoM 
structures  may  be  conceived  to  have  subsided,  the  rate  of  subsidence 
being  so  slow,  that  the  upward  growth  of  the  reef  has  on  the  whole 
kept  pace  with  it'  The  formation  of  coral-reefs  is  described  in 
Book  IIL  Part  II.  Section  iil,  and  Mr.  Darwin's  theory  is  there 
more  fully  explained. 

Distribution  of  olants  and  animals.— Since  the  appear- 
ance of  Edward  Forbes  s  essay  upon  the  connection  between  the 
distribution  of  the  existing  fauna  and  flora  of  the  British  Isles,  and 
the  geological  changes  which  have  affected  their  area,'  much  atten* 
tion  nas  been  given  to  the  evidence  furnished  by  the  geographioal 
distribution  of  plants  and  animals  as  to  geologioil  revolutions.  In 
some  cases  the  former  existence  of  land  now  submeiged  has  been 
inferred  with  considerable  confidence  from  the  distribution  of  living 

*  **  Geology  of  Devon  and  Cornwall,'*  Mem,  OtoL  Snrveff.  For  further  Meoonls  ef 
BritiBh  enbmerged  forests  see  Q.  /.  OtoL  8oe,  xiU.  p.  1 ;  zulIt.  p.  447.  OrcL  Ma§.  n. 
p,  76:  vil.  p.  04;  iii.  2od  eer.  p.  491 ;  vi.  pp.  80,  251. 

*  See  Darwin's  Coral  Jilands,  also  Dana's  CoraU  and  Coral  Idand$^ 
>  Mwi.  QtoL  Survey,  Tol.  L  1846.  p.  336. 
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oiganisms,  although,  as  Mr.  Wallace  has  shown  in  the  case  of  the 
sapposed  ^'  Lemuria/'  some  of  the  inferences  have  been  unfounded 
9M  unnecessary.^  The  present  distribution  of  plants  and  animals 
is  oqIj  intelligible  in  the  light  of  former  geological  changes.  As  a 
BiDgle  illustration  of  the  kind  of  reasoning  from  present  zoological 
groupings  to  former  geological  suteidence,  reference  may  be  made  to 
the  fact,  that  while  the  fisnes  and  molluscs  living  in  the  seas  on  the 
two  sides  of  the  Isthmus  of  Panama  are  on  the  whole  yery  distinct, 
a  few  shells  and  a  larger  number  of  fishes  are  identical ;  whence  the 
inference  has  been  drawn  that  thou^  a  broad  water^channel  originally 
separated  North  and  South  America  in  Miocene  times,  a  series  of 
eleyations  and  subsidences  has  since  occurred,  the  most  recent  sub- 
mersion having  lasted  but  a  short  time,  allowing  the  passage  of 
locomotive  fishes,  yet  not  admitting  of  much  change  in  the  com- 
paratively stationary  molluscs.* 

Fjords. — An  interesting  proof  of  an  extensive  depression  of  the 
north-west  of  Europe  is  furnished  by  the  Qords  or  sea-lochs  by  which 
that  region  is  indented.  A  iQord  is  a  long,  narrow,  and  often 
angalarly  deep  inlet  of  the  sea,  which  terminates  inland  at  the 
month  of  a  glen  or  valley.  The  word  is  Norwegian,  and  in  Norway 
fjords  are  characteristically  developed.  The  English  word  **  firth, 
nowever,  is  the  same,  and  the  western  coasts  of  the  British  Isles 
famish  many  excellent  examples  of^ords,  such  as  the  Scottish  Loch 
Honm,  Locn  Nevis,  Loch  r'yne,  Gareloch;  and  the  Irish  Lough 
Foyle,  Lough  Swilly,  Bantry  Bay,  Dunmanus  Bay.  Similar  in- 
dentations abound  on  the  west  coast  of  British  North  America.  Some 
of  the  Alpine  lakes  (Lucerne,  Garda,  Maggiore  and  others),  as  well 
as  many  in  Britain,  are  inland  examples  of  Qords. 

There  can  be  little  doubt  that,  though  now  filled  with  salt  water, 
^rds  have  been  originally  land  yalleys.  The  long  inlet  was  first  ex- 
cavated as  a  yalley  or  glen.  The  adjacent  yalley  exactly  corresponds 
in  form  and  character  with  the  hollow  of  the  fiord,  and  must  be 
regarded  as  merely  its  inland  prolongation.  That  the  glens  have 
been  excavated  by  subaerial  agents  is  a  conclusion  borne  out  by 
a  peat  weight  of  evidence,  which  will  be  detailed  in  later  parts  of 
this  volume.  If,  therefore,  we  admit  the  subaerial  origin  of  the 
glen,  we  must  also  grant  a  similar  origin  to  its  seaward  prolongation. 
Bvery  j^rd  will  thus  mark  the  site  of  a  submerged  valley.  This 
inference  is  confirmed  by  the  fact  that  fjords  do  not,  as  a  rule,  occur 
iingly,  but,  like  glens  on  land,  lie  in  groups ;  so  that  when  found 
intersecting  a  long  line  of  coast  such  as  that  of  the  west  of  Norway,  or 
the  west  of  Scothmd,  they  serve  to  show  that  the  land  has  there  sunk 
^wn  so  as  to  permit  the  sea  to  run  far  up  and  fill  submerged  glens. 

fluman  constructions  and  historical  records.— Should 
the  sea  be  obeeryed  to  rise  to  the  level  of  roads  and  buildings  which 

*  "  Island  Life/'  ISSO,  p.  394.    Id  this  work  the  question  of  diBtribation  in  its 
geological  relations  is  treated  with  admirable  Incidity  and  fulness. 
'  Wallace,  "  Geographical  Distribution  of  Animals,"  L  pp.  40,  76. 
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it  never  used  to  touch,  should  form^  half-tide  rocks  cease  to  be  Tiable 
even  at  low  water,  and  shoidd  rocks,  preTioosly  above  the  reach  of 
the  highest  tide,  be  tamed  first  into  shore  ree&,  then  into  skerries 
and  islets,  we  infer  that  the  coast-line  is  sinking.  Snch  kind  of 
evidence  is  foond  in  Scania,  the  most  southerly  part  of  Sweden. 
Streetsi,  bnilt  of  course  aboye  hi^h-water  mark,  now  lie  below  it, 
with  older  streets  lying  beneath  uiem,  so  that  the  subsidence  is  of 
some  antiquity.  A  stone,  the  position  of  which  had  heea  exactly 
determined  by  Linnaeus  in  1749,  was  found  after  87  years  to  be  100 
feet  nearer  the  water's  edge.  The  west  coast  of  Greenland,  for  a 
space  of  more  than  600  mUes,  is  perceptibly  sinking.  It  has  there 
been  noticed  that»  over  ancient  building  on  low  shores,  as  well  as 
over  entire  islets,  the  sea  has  risen.  The  Moravian  settlers  have 
been  more  than  once  driven  to  shift  their  boat-poles  inland,  some  of 
the  old  poles  remaining  visible  under  water.^  Historical  evidence 
likewise  exists  of  the  subsidence  of  ground  in  Holland  and  Belgium.' 

§  3.  CauBes  of  Upheaval  aad  Depression  of  Land.— These 
movements  must  again  be  traced  back  mainly  to  ccmsequences  of  the 
internal  heat  of  the  earth.  There  are  yarious  ways  in  which 
the  heat  may  have  acted.  As  rocks  expand  when  heated,  and 
contract  on  cooling,  we  may  suppose  that,  if  the  crust  underneath  a 
tract  of  land  has  its  temperature  slowly  raised,  as  no  doubt  takes 
place  round  areas  of  nascent  volcanoes,  a  gradual  uprise  of  the  ground 
above  will  be  the  result  The  gradual  transference  of  the  heat  to 
another  quarter  may  produce  a  steady  subsidence.  Basing  on  the 
calculations  of  Colonel  Totten,  cited  on  p.  319,  Lyell  estimated  thata 
mass  of  red  sandstone  one  mile  thick,  having  its  temperature  augmented 
200°  Fahr.,  would  raise  the  overlying  rocks  10  feet,  and  that  a 
portion  of  the  earth's  crust  of  similar  character  50  miles  thick,  with 
an  increase  of  600°  or  800°,  miffht  produce  an  elevation  of  1000  or 
1500  feet.^  Again,  rocks  expand  by  fusion  and  contract  on  solidifica- 
tion. Hence  by  the  alternate  melting  and  solidifying  of  subterranean 
masses,  upheaval  and  depression  of  the  surface  may  possibly  be 
produced  (see  postea,  p.  294). 

But  processes  of  this  nature  can  evidently  effect  changes  of  level 
only  limited  in  amount  and  local  in  area.  When  we  consider  the 
wide  tracts  over  which  terrestrial  movements  are  now  taking  plft<*» 
or  have  occurred  in  past  time,  the  explanation  of  them  mart 
manifestly  be  sought  in  some  far  more  wide-spread  and  generally 
effective  force  in  geological  dynamics.  It  must  be  confessedi  how- 
ever, that  no  altogether  satisfactory  solution  of  the  problem  hss 

'  These  obseryations,  which  have  been  ftcoepted  for  at  least  a  generation  V^f^J^t 
Oeol  8oc,  il  1835,  p.  208),  have  recently  been  called  in  question,  but  the  all^^^^f^ 
is  not  convincing,  and  they  are  here  retained  as  worthy  of  credence.  Bee  Sness,  Vernana* 
GeoLBeichsanstaU,  1880,  No.  11, 

'  Lavaleye,  **  Affaisement  du  sol  et  envasement  des  fleuyes,  snrrenns  dans  Itf  ^^S 
historiques,"  Brussels,  1859.  Gnid.  Butt.  8oc.  Q46L  France,  ii.  8rd  scr.  p.  *^ 
Arends,  •*  Physische  Goschichte  der  Nordseekfiste,"  1833, 

•  «•  Principles,"  ii.  p.  235. 
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ret  been  given,  and  that  the  Bubject  still  remains  beset  with  many 
diffiimlties. 

Hr.  George  H.  Darwin,  in  one  of  his  recent  memoirs  already 
cited  (ante,  p.  20),  has  suggested  a  possible  determining  cause  of 
the  larger  features  of  the  earth's  surface.  Assuming  for  his  theory  a 
certain  degree  of  yiscosity  in  the  earth,  he  points  out  that,  under  the 
combined  influence  of  rotation  and  the  moon's  attraction,  the  polar 
regions  tend  to  outstrip  the  equator,  and  to  acquire  a  consequent  slow 
motion  from  west  to  east  relatively  to  the  equator.  The  amount  of 
distortion  produced  by  this  screwing  motion  he  finds  to  have  been  so 
dow,  that  45,000,000  years  ago,  a  point  in  lat.  30*"  would  have  been 
4f,  and  a  point  in  lat.  60**,  14^'  further  west,  with  reference  to  the 
equator,  than  they  are  at  present.  This  slight  transference  shows  us, 
he  remarks,  that  the  amount  of  distortion  of  the  sur&ce  strata  from 
this  cause  must  be  exceedingly  minute.  But  it  is  conceivable  that 
in  earlier  conditions  of  the  planet  this  screwing  action  of  the  earth 
may  have  had  some  influence  in  determining  the  surface  features  of 
the  planet.  In  a  body  not  perfectly  homogeneous  it  might  ori^'nate 
wrinkles  at  the  surface  running  perpendicular  to  the  direction  of 
greatest  pressure.  *'  In  the  case  of  the  earth  the  wrinkles  would  run 
north  ana  south  at  the  equator,  and  woidd  bear  away  to  the  eastward 
in  northerly  and  southerly  latitudes,  so  that  at  the  north  pole  the 
trend  would  be  north-east,  and  at  the  south  pole  north-west.  Also  the 
intensity  of  the  wrinkling  force  varies  as  the  square  of  the  cosine  of 
the  latitude,  and  is  thus  greatest  at  the  equator  and  zero  at  the  polea 
Any  wrinkle,  when  once  formed,  would  have  a  tendency  to  turn 
•lightly,  so  as  to  become  more  nearly  east  and  west  than  it  was  when 
fint  made.*' 

According  to  the  theory,  the  highest  elevations  of  the  earth's 
nir&ce  shotud  be  equatorial,  and  should  have  a  general  north  and 
•onth  trend,  while  in  the  northern  hemisphere  the  main  direction  of 
the  masses  of  land  should  bend  round  towards  north-east,  and  in  the 
opposite  hemisphere  towards  south-east.  Mr.  Darwin  thinks  that  the 
general  facts  of  terrestrial  geography  tend  to  corroborate  his  theo- 
retical views,  though  he  admits  that  some  are  very  unfavourable  to 
them.  In  the  discussion  of  such  a  theory,  however,  we  must  remember 
that  the  present  mountain-chains  on  the  earth's  surface  are  not  abori- 

S'nal,  but  arose  at  many  successive  and  widelynseparated  epochs, 
ow  it  is  quite  certain  that  the  vounger  mountam-cnains  (and  these 
include  the  loftiest  on  the  surface  of  the  globe)  arose,  or  at  least 
received  their  chief  upheaval,  during  the  Tertiary  periods — ^a  com- 
paratively late  date  in  geological  history.  Unless  we  are  to  enlarge 
enormously  the  limits  of  time  which  physicists  are  willing  to  concede 
for  the  evolution  of  the  whole  of  that  history,  we  can  hardly  suppose 
that  the  elevation  of  the  great  mountain-chains  took  place  at  an 
«poch  at  all  approaching  an  antiquity  of  45,000,000  years.  Yet, 
•ccording  to  Mr.  Darwin's  showing,  the  superficial  effects  of  interned 
distortion  must  have   been  exceedingly  minute  during  the  past 
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45,0009000  years.  We  most  either  theiefore  multiply  eDorjoooAy 
the  periods  required  for  geological  chai^neg,  or  find  some  cause  whicii 
ooula  have  eleyated  great  moontan^chains  at  more  recent  intervals. 

But  it  is  well  worth  consideratiim  whether  the  cause  sn^ested  by 
Mr.  Darwin  may  not  have  given  their  initial  trend  to  the  masses  of 
land,  so  that  any  snbseqnent  wrinkling  of  the  terrestrial  soriSftce  dne 
to  any  other  cause  would  be  apt  to  take  place  along  the  original  lines. 
To  be  able  to  answer  this  question  it  is  necessary  to  ascertain  the 
dominant  line  of  strike  of  the  older  geological  formations.  Bat 
information  on  this  subject  is  still  scanty.    In  Western  Europe  the 

Jrevalent  line  dong  which  terrestrial  pUcations  took  place  during 
'alaeozoic  time  was  certainly  from  S.W.  or  SAW.  to  N.E.  or  N.N  JEI, 
and  the  same  direction  is  recognizable  in  the  eastern  States  of  North 
America.  But  the  trend  of  later  formations  is  more  varied.  The 
striking  contradictions  between  the  actual  direction  of  so  many 
mounts-chains  and  masses  of  land,  and  what  ou^ht  to  be  tiieir  line 
according  to  the  theory,  seem  to  indicate  that  while  the  effects  of 
internal  distortion  may  have  given  the  first  outlines  to  the  land  areas 
of  the  globe,  some  other  cause  must  have  been  at  work  in  later  times, 
actbg  som^mes  along  the  original  lines,  sometimes  transverse  to 
them. 

The  main  cause  to  which  geolop;ists  are  now  disposed  to  refer  the 
corrugations  of  the  earth's  surface  is  secular  cooling  and  consequent 
contraction.  If  our  planet  has  been  steadily  losing  heat  by  radiation 
into  space,  it  must  nave  progressively  diminished  in  volume.  The 
cooling  implies  contraction.  According  to  Mr.  Mallet,  the  diameter 
of  the  earth  is  less  by  at  least  189  miles  since  the  time  when  the 
planet  was  a  mass  of  liauid.^  But  the  contraction  has  not  manifested 
itself  uniformly  over  tne  whole  Bur&Lce  of  the  planet.  The  cmst 
varies  much  in  structure,  in  thermal  resistance,  and  in  the  position 
of  its  isogeothermal  lines.  As  the  hotter  nucleus  contracts  more 
rapidly  by  cooling  than  the  cooled  and  hardened  crust»  the  latter 
must  sink  down  bv  its  own  weight,  and  in  so  doing  requires  to 
accommodate  itself  to  a  continually  diminishing  diameter.  The 
descent  of  the  crust  gives  rise  to  enormous  tan^ntial  pressures. 
The  rocks  are  crushed,  crumpled  and  broken  m  many  places. 
Subsidence  must  have  been  the  general  rule,  but  every  subsidence 
would  doubtless  be  accompanied  with  upheavals  of  a  more  limited 
kind.  The  direction  of  these  upheaved  tracts,  whether  determined, 
as  Mr.  Darwin  suggests,  by  the  effects  of  internal  distortion,  or  by 
some  original  features  in  the  structure  of  the  crust,  would  be  apt  to 
be  linear.  The  lines,  once  taken  as  lines  of  weakness  or  relief  from 
the  intense  strain,  would  probably  be  made  use  of  again  and  again 
at  successive  paroxysms  or  more  tranquil  periods  of  contraction. 
Mr.  Mallet  has  ingeniousljr  connected  these  movements  with  the 
linear  direction  of  mountain  chains,  volcanic  vents  and  earthquake 
shocks.    If  the  initial  trend  to  the  land-masses  were  given  as  hypo- 

»  Phil  Traru.  1873,  p.  205. 
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theticalljr  stated  by  Mr.  Darwin,  we  may  conceive  that  after  the  outer 
parts  of  the  globe  had  attained  a  considerable  rigidity  and  could 
then  be  only  slightly  influenced  by  internal  distortion,  the  effects  of 
continued  secular  contraction  would  be  seen  in  the  intermittent 
SQbddence  of  the  oceanic  basins  already  existing,  and  in  the 
SQccessiYe  crumpling  and  eleyation  of  the  intervening  stiffened 
terrestrial  ridges. 

This  view,  variously  modified,  has  been  widely  accepted  by 
geologists  as  furnishing  an  explanation  of  the  origiti  of  the  upheavals 
and  subsidences  of  whicn  the  earth's  crust  contains  such  a  long  record. 
Bat  it  is  not  unattended  with  objections.  The  difficulty  of  con- 
oei?ing  that  a  globe  possessing  on  the  whole  a  rigidity' equal  to  that 
of  gla»  or  steel  could  be  corrugated  as  the  crust  of  the  earth  has 
be^  has  led  some  writers  to  adopt  the  hypothesis  already  described 
{atiie,  p.  53),  of  an  intermediate  viscous  layer  between  the  solid 
cnut  and  the  solid  nucleus,  while  others  have  suggested  that  the 
observed  snbsidence  may  have  been  caused,  or  at  least  aggravated, 
bj  the  escape  of  vapours  Irom  volcanic  orifices.  But  with  modifica- 
tions the  main  cause  of  terrestrial  movements  is  still  sought  in 
secular  contraction. 

Some  observers,  following  an  original  suggestion  of  Babba^e^^  have 
•opposed  tlmt  upheaval  and  subsidence,  together  with  the  solidification, 
crystallisation,  and  metamorphism  of  the  layers  of  the  earth's  crusty 
may  have  been  in  large  measure  due  to  the  deposition  and  removal 
of  mineral  matter  on  the  surface.  There  can  be  no  doubt  that  the 
lines  of  equal  internal  temperature  (isogeothermal  lines)  for  a 
considerable  depth  downward,  follow  approximately  the  contours  of 
the  surface,  curving  up  and  down  as  the  surface  rises  into  mountains 
or  smks  into  plains.  The  deposition  of  a  thousand  feet  of  rock  will, 
of  course,  cause  a  corresponding  rise  in  the  isogeotherms,  and  if 
we  assume  the  average  rise  of  temperature  to  be  V  Fahr.  for  every 
50  feet,  then  the  temperature  of  tne  crust  immediately  below  this 
deposited  mass  of  rock  will  be  raised  20^  But  masses  of  sediment 
of  much  greater  thickness  have  been  laid  down,  and  we  may  admit 
that  a  much  greater  increase  of  temperature  than  20"^  has  been 
effected  by  this  means.  On  the  other  nand,  the  denudation  of  the 
land  must  lead  to  a  depre^ion  of  the  isogeotherms,  and  a  con- 
sequent cooling  of  the  upper  layers  of  the  crust. 

It  may  be  conceded  that  in  so  far  as  the  internal  structure  of 
rocks  may  be  modified  by  such  progressive  increase  of  temperature 
as  would  arise  from  superficial  deposit,  this  cause  of  change  must 
have  a  place  in  geological  dynanucs.  But  it  has  been  urged  that 
besides  this  effect  the  removal  of  rock  by  denudation  from  one  area 
and  its  accumulation  upon  another  affects  the  equilibrium  of  the  crust ; 
that  the  portions  where  denudation  is  active,  being  relieved  of  weight, 
rise,  while  those  where  deposition  is  prolonged,  being  on  the  contrary 
loaded,  sink.    This  hypothesis  has  recently  been  strongly  advocated 

>  Joum.  CM,  8oe.  iU.  (1S34)  p.  206. 


Digitized  by 


Google 


288  DYNAMICAL  GEOLOGY.  [Book  IH. 

by  some  of  the  geologists  who  haye  been  exj)loring  the  Western 
Territories  of  America,  and  who  point  in  proof  of  its  truth  to  evidence 
of  continuous  subsidence  in  tracts  where  there  was  prolonged  deposi- 
tion, and  of  the  uprise  and  curvature  of  originally  horizontal  strata  over 
mountain  ranges  like  the  Uintah  Mountains  iii  Wyoming  and  Utah, 
which  haye  been  for  a  long  time  out  of  water.  To  suppose,  however, 
that  the  removal  and  deposit  of  a  few  thousand  feet  of  rock  should 
so  seriously  affect  the  equilibrium  of  the  crust  as  to  cause  it  to  sink 
and  rise  in  proportion,  would  evince  such  a  mobility  in  the  earth 
as  could  not  fail  to  manifest  itself  in  a  far  more  powerful  way  under 
the  influence  of  lunar  and  solar  attraction.  That  there  has  alwavfl 
been  the  closest  relation  between  upheaval  and  denudation  on  the 
one  hand,  and  subsidence  and  deposition  on  the  other,  is  undonbtedlv 
true.  But  denudation  has  been  one  of  the  consequences  of  upheaTal, 
and  deposition  has  been  only  kept  up  by  continual  subsidence. 

We  are  concerned  in  the  present  part  of  this  volume  only  with 
the  surface  features  of  the  land  in  so  far  as  they  bear  on  questions  of 
geologictd  dynamics.  The  history  of  these  features  will  be  more 
conveniently  treated  in  Book  YII.  after  the  structure  and  history  of 
the  crust  haye  been  described.  Before  quitting  the  subject^  however, 
we  may  obserye  that  the  larger  terrestrial  features,  such  as  the  great 
ocean  oasins,  the  lines  of  submarine  ridge  surmounted  here  and  Uiere 
by  islands  chiefly  of  volcanic  materials,  the  continental  masses  of  land, 
and  at  least  tbe  cores  of  most  great  mountain  chains,  are  in  the  main 
of  high  antiouity^,  stamped  as  it  were  from  the  earliest  geological 
ages  on  the  pnysiognomy  of  the  globe,  and  that  their  present  aspect 
has  been  the  result  not  merely  of  original  hypogene  operations  but 
of  long-continued  superficial  action  by  the  epigene  forces  described 
at  p.  316. 

Section  IV.  Hypogene  Canses  of  Changes  in  the  Textur6| 
Stmctore^  and  Composition  of  Rocks. 

The  phenomena  of  hypogene  action  considered  in  the  forcing 
pages  relate  almost  wholly  to  the  effects  produced  at  the  sxa&c^ 
It  is  evident,  however,  that  these  phenomena  must  be  accompanied 
by  very  considerable  internal  changes  in  the  rocks  which  form  the 
earth's  outer  crust.  These  rocks,  subjected  to  enormous  pressure, 
have  been  contorted,  crumpled,  and  folded  back  upon  themselves,  as 
if  thousands  of  feet  of  solid  limestones,  sandstones,  and  shales  had 
been  merely  a  few  layers  of  carpet ;  they  haye  been  shattered  and 
iractured;  they  have  in  some  places  been  pushed  far  above  their 
original  position,  in  others  depressed  far  beneath  it :  so  great  has 
b^n  the  compression  which  they  have  undergone  that  their  com- 
ponent particles  have  in  many  places  been  re-arranged,  and  even 
crystallized.  They  have  here  and  there  actually  been  reduced  to 
fusion,  and  haye  been  abundantly  invaded  by  masses  of  molten  rock 
from  below. 
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In  the  present  section  the  stndent  is  asked  to  consider  chiefly  the 
nature  of  the  agencies  by  whieh  such  changes  can  be  effected ;  the 
results  achieyedy  in  so  far  as  they  constitute  part  of  the  architecture 
or  structure  of  the  earth's  «iist,  will  be  discussed  in  Book  lY.  At 
the  outset,  it  is  evident  that  he  can  hardly  hope  to  detect  many  of  these 
processes  of  subterranean  change  actually  in  progiess  and  watch 
their  effects.  The  very  yastness  of  some  of  them  places  them  beyond 
his  direct  reach,  and  he  can  only  reason  regarding  them  from  the 
changes  which  he  sees  them  to  have  produced.  But  a  good  number 
are  of  a  kimd  which  can  in  some  measure  be  imitated  in  laboratories 
and  furnaces.  It  is  not  recjuisite,  therefore,  to  speculate  wholly  in 
the  dark  ob  this  subject.  Smce  the  early  and  classic  researches  of 
Sir  James  HaU,  great  progress  has  been  made  in  the  investigation  of 
hjpogene  processes  by  experiment.  The  conditions  of  nature  have 
heen  imki^ed  as  closely  as  possible,  and  varied  in  different  ways, 
with  the  result  oi  giving  us  an  increasingly  clear  insight  into  the 
physics  and  chemistry  of  subterranean  geological  changes.  The 
foliowing^  ]pSLgea  are  chiefly  devoted  to  an  illustration  of  the  natnre  of 
hypogene  action,  in  so  far  as  that  can  be  infe];red  from  the  results  of 
actoid  experiment.  The  subject  may  be  conveniently  treated  under 
three  heads — 1.  The  effects  of  mere  heat ;  2.  the  influence  of  the  co- 
operation of  heated  water ;  3.  the  effects  of  pressure  and  contraction. 

§  1.— Effects  of  Heat. 

The  importance  of  heat  among  the  transformations  of  rocks 
has  been  fully  admitted  by  geologists,  since  it  used  to  be  the 
watchword  of  the  Huttonian  or  Yulcanist  school  at  the  end  of 
last  century.  Two  sources  of  subterranean  heat  may  have  at 
different  times  and  in  different  degrees  co-operated  in  the  pro- 
ductira  of  hypogene  changes — ^the  original  internal  heat  of  the  globe, 
and  the  heat  due  to  the  transformation  of  mechanical  energy  in 
the  crumpling,  fracturing,  and  crushing  of  the  rocks  of  the  crust. 

Rise  of  temperature  by  depression.— ^As  stated  above,  the 
mere  recession  of  rocks  from  the  surface  owing  to  superposition  of 
newer  deposits  upon  them  will  cause  the  isogeotherms,  or  lines  of 
equal  subterranean  temperature,  to  rise — in  other  words,  will  raise  the 
temperature  of  the  masses  so  withdrawn.  This  can  take  place,  how- 
ever, to  but  a  limited  extent  u;nless  combined  with  such  depression 
of  tiie  crust  as.  to  admit  of  thick  sedimentary  formatioQS.  From 
the  rate  of  increment  of  temperature  downwards  it  is  obvious 
that  at  no  great  depth  the  rocks  must  be  at  the  temperature 
of  boiling  water,  ana  that  farther  down,  but  still  at  a  distance 
which  rektively  to  the  earth'ia.  radius  is  small^  they  must  reach  and 
exceed  the  temperatures  at  which  they  would  fuse  at  the  surface. 
Here  descent  to  a  great  depth,  however,  will  not  necessarily  result  in 
any  marked  lithological  chaip^e,.  as  has  been  shown  in  the  cases  of 
the  Nova  Scotian  and  South  Welsh  coal-fields,  where  sandstones^ 

u 


Digitized  by 


Google 


290 


DYNAMICAL  GEOLOGY. 


[Book  m. 


flhaleSy  clays,  and  coal-seams  can  be  proved  to  have  been  once  de- 
pressed 14,000  to  17,000  feet  below  tne  sea-level,  nnder  an  oyerWing 
mass  of  rock,  and  yet  to  have  sustained  no  serions  alteration.  They 
must  have  been  kept  for  a  long  period  exposed  to  a  temperatare  of 
at  least  212^  Fahr.  Such  a  temperature  would  have  been  su£Bcient  to 
set  some  degree  of  internal  change  in  progress  had  any  appreciable 
quantity  of  water  been  present,  whence  the  absence  of  any  alteration 
may  perhaps  be  explicable  on  the  supposition  that  these  rocks  were 
comparatively  dry  (p.  298). 

Rise  of  temperatare  by  rock-cruBliing. — But  a  further  store 
of  heat  is  provided  by  the  internal  crushing  of  rocks  during  the 
collapse  ana  re-adjustment  of  the  crust.  The  amount  of  heat  so 
produced  has  been  made  the  subject  of  direct  experiment  Danbrfie 
has  shown  that,  by  the  mutual  friction  of  its  parts,  firm  brick-clay  can 
be  heated  in  three-quarters  of  an  hour  from  a  temperature  of  18^  to  one 
of  40°  C.  (65*^  to  104°  Fahr.)^  The  most  elaborate  and  carefally- 
conducted  series  of  experiments  yet  made  in  this  subject  are  thoee 
conducted  by  Mr.  Mallet.  He  subjected  16  varieties  of  stone  (lime- 
stone,  marble,  porph^y,  granite  and  slate)  in  cubes  averaging  rather 
less  than  1^  inches  in  height  to  pressures  suflScient  to  crush  them 
to  fragments,  and  estimated  the  amount  of  pressure  required,  and  of 
heat  produced.  The  following  examples  may  be  selected  from  his 
table.* 


Rock. 

Tenpentoro 

(Fahr.)  in 

1  cubic  foot  of 

rook  due  to  work 

ofcnuhing. 

Number  of  cubic 
feet  of  water  at 
33  deg.  evapo- 
rated Into  steam 
at  212  deg. 

Volume  of  lot  «t 
32  det.  malted  to 
watar  at  32  deg. 
byooeToluMor 
rock. 

Oaen  Stone,  Oolite 

Sandstone,  Ayre  Hill,  Yorkshire     . 

Slate,  Conway 

Bowley  Rag  (basalt) 

Granite.  Aberdeen 

Scotch  furnace  clay  porphyry     .     , 

S°-004 
47*^-79 
132^-85 
213«>-23 
155° -94 
198° -97 

0-0046 

00234 

007 

0-109 

0-072 

0083 

004008 

0-2026 

0-596 

0-925 

0-617 

0-724 

Within  the  crust  of  the  earth,  there  are  abundant  proofe  of 
enormous  stresses  under  which  the  rocks  have  been  crushed.  The 
weight  of  rock  involved  in  these  movements  has  often  been  that  of 
masses  several  miles  thick.  We  can  conceive  that  the  heat  thus 
generated  may  have  been  sufficient  to  promote  many  chemical  and 
mineralogical  re-arrangements  through  the  operation  of  water  (postea, 

^  Q4ol  Expirimenidle,  p.  448,  et  teq.  This  distinguished  chemist  and  geolagiat  htm 
daring  the  last  forty  years  devoted  much  time  to  researches  designed  to  illustrate  ex- 
perimentally the  processes  of  geology.  His  numerous  important  memoirs  are  aoafttered 
through  the  Annale$  de$  Minesj  Compte$  Rendut  de  VAeadAnie,  BiMetin  d«  la  Social 
G^olMtque  de  France,  and  other  publications.    But  he  has  recently  odleoted  and  i«- 

Sublbhed  as  Etudes  Synth^Uquet  de  OSclogie  Exp^rimentale,  8to»  1879— a  storehouse  d 
^formation.  The  admirable  memoirs  of  Delesse  in  the  same  joomals  diould  also  be  studied. 
«  Phil  Tran$.  1873.  p.  187. 
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p.  898),  and  may  even  haye  been  here  and  there  enough  for  the  actual 
nision  of  the  rocks  by  the  crashing  of  which  it  was  produced. 

Rise  of  temperature  by  intrnsion  of  erupted  rock. — The 
peat  heat  of  lava,  even  when  examined  at  the  surface  of  the  earth»  has 
Been  already  referred  to,  and  some  examples  have  been  given  of  its 
effects  Tp.  227).  Where  it  does  not  reacn  the  surface,  but  ia  injected 
into  subterranean  rents  and  passages,  it  must  effect  considerable 
changes  upon  the  rocks  with  which  it  comes  in  contact.  That  such  in- 
trad^  igneous  rocks  have  sometimes  melted  down  portions  of  the  crust 
in  their  passage  can  hardly  be  doubted.  But  probably  still  more 
extensiye  changes  may  take  place  from  the  exceedingly  slow  rate  of 
cooling  of  erupted  masses,  and  the  consequently  vast  period  during 
which  their  heat  is  bein^  conveyed,  Uirou^h  the  aojacent  rocks. 
Allusion  will  be  made  in  later  pages,  to  the  observed  amount  of  such 
"contact  metamorphism **  (Book  IV.  Part  VIII.). 

ExpansioxL — Bocks  are  dilated  by  heat.  The  extent  to  which 
this  takes  place  has  been  measured  with  some  precision  for  various 
kinds  of  rock,  as  shown  in  the  subjoined  table. 


Bock. 

Expansion  for 
erery  l^  Fabr. 

Authorltj. 

Bbdt  mftible,  Galway,  Ireland 

Oreygimnite,  Aberdeen.     .     .     . 
Sbte,  PenrhjD,  Wales  .... 
White  marble,  SioUy      .... 
Bed  rnDdalone,  Portland,  Oonneo-\ 
ticnt / 

•00000247 

•00000488 
•00000576 
•00000618 

•00000968 

/Adie,  !ZVafw.  Bay,  8oc.  Edin.  xiii. 

Ibid, 
Ibid, 

Totten,  Amer,  Joum.  Sci.  xxii.  136. 

According  to  these  data  the  expansion  of  ordinary  rocks  ranges 
from  about  2-47  to  9*63  milliontns  for  1°  Fahr.  Even  ordinary 
daUy  and  seasonal  changes  of  temperature  suffice  to  produce  con- 
siderable superficial  changes  in  rocks  (see  p.  319).  The  much  higher 
temperatures  to  which  rocks  are  exposed  by  subsidence^within  the 
earth's  crust  must  haye  far  greater  effects.  Some  experiments  by 
P&ff  in  heating  from  an  ordinary  temperature  np  to  a  red  heat,  or 
about  118(f  C,  small  columns  of  granite  from  the  Fichtelgebirge, 
red  porphyry  from  the  Tyrol,  and  bascdt  from  Auyergne,  gave  the 
expansion  of  the  granite  as  0-016808,  of  the  porphyry  0-012718,  of 
the  basalt  0*01199^.  The  expansion  and  contraction  of  rocks  by 
heating  and  cooling  haye  l^en  already  referred  to  as  possible 
•onrces  of  upheayal  and  depression  (p.  284). 

Crystallisation  (Marble). — ^In  the  experiments  of  Sir  James 
Hall,  pounded  chalk,  hermetically  enclosed  in  gun-barrels  and 
exposed  to  the  temperature  of  melting  silyer,  was  melted  and 
partially  crystallized,  but  still  retained  its  carbonic  acid.    Chalk, 


>  Z.  DtuUeh.  Geol.  Get,  xxir.  p.  403. 
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aimilarly  exposed,  with  the  addition  of  a  little  water,  was  reduced  to 
the  state  of  marble.^  These  experiments  haye  recently  been  repeated 
by  G.  Boee,  who  has  produced  by  dry  heat  fix)m  lithographic  lime- 
stone and  chalk,  fine-grained  marble  without  melting*  The  distinction 
of  marble  is  the  independent  crystalline  condition  of  its  component 
granules  of  calcite.  This  structure,  therefore,  can  be  superinduced 
by  heat  under  pressure.  Li  nature,  portions  of  limestone  which  have 
been  invaded  by  intrusive  masses  of  igneous  rock  have  been  converted 
into  marble,  the  gradations  from  the  unaltered  into  the  altered  lock 
being  distinctly  traceable,  as  will  be  shown  in  subsequent  pages 
(Bool  IV,  Part  VIIL). 

Prodnotion  of  Piismatio  Straotore. — The  long-continued  high 
temperature  of  iron-furnaces  has  been  observed  to  have  superinduced 
a  prismatic  or  columnar  structure  upon  the  hearth-stones.  This  fiact 
is  of  interest  in  geology,  seeing  that  sandstones  and  other  rocks  in 
contact  with  eruptive  masses  of  igneous  matter  have  at  varions 
depths  below  the  surface  assumed  a  similar  internal  arrangement 
(Book  IV.  Part  VIIL). 

FusioxL — In  an  interesting  series  of  experiments  the  illustrious 
De  Saussure  (1779)  fused  some  of  the  rocks  of  Switzerland  and 
France,  and  inferred  from  them,  contrary  to  the  opinion  previously 
expressed  by  Desmarest,^  that  bsisalt  and  lava  have  not  been  produced 
from  granite,  but  from  hom&tone  (pierre  de  come),  varieties  of 
"schorl,"  calcareous  clays,  marls,  and  micaceous  earths,  and  the 
cellular  varieties  from  different  kinds  of  slate.*  He  observed,  how- 
ever, that  the  artificial  products  obtained  by  fusion  were  glassy  and 
enamel-like,  and  did  not  always  recall  volcanic  rocks,  though  some 
exactly  resembled  porous  lavas.  Dolomieu  (1788^  also  contended 
that  as  an  artificially-fused  lava  becomes  a  glass  and  not  a  crystalliae 
mass  with  crystals  of  easily  fusible  minerals,  there  must  be  some  flux 
present  in  the  original  lava,  and  he  supposed  that  this  might  be 
sulphur.* 

Sir  James  Hall,  about  the  year  1790,  began  an  important  in- 
vestigation, in  which  he  succeeded  in  reducing  various  ancient  and 
modem  volcanic  rocks  to  the  condition  of  glass,  and  in  restoring 
them,  by  slow  cooling,  to  a  stony  state.'  Since  that  time  many 
other  researches  of  a  more  complicated  kiud  have  been  undertaken, 
especially  by  Delesse,  Daubree,  Deville,  Bunsen,  Bischof,  H.  and 
W.  B.  Eogers.  By  these  observations  it  has  been  abundantly  proyed 
that  all  rocks  undergo  molecular  changes  when  exposed  to  high 
temperature,  that  when  the  heat  is  sufficiently  raised  they  become 
fluid,  that  if  the  glass  thus  obtained  is  rapidly  cooled  it  remains 
vitreous,  and  that,  if  allowed  to  cool  slowly,  a  more  or  less  distinct 

>  Tram,  JBoy.  8oe,  Edin,  n.  (1805),  p.  101, 121. 

*  Mem,  Acad,  Seien,  1771,  p.  273. 

'  De  Sftusrare,  Vopaget  dan*  let  Alpes,  edit  1803,  tome  L  p.  ITS. 

*  T»U$  Ponee$^  P*  ^  ^  ^' 

»  Traiw.  Boif.  8oc.  Edin,  t.  p.  48. 
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crystallisation  sets  in,  the  glass  is  deyitrifiedy  and  a  lithoid  product 
is  the  result. 

Ulnstrations  of  the  influence  of  difierent  degrees  of  heat  upon 
Tocks  of  varions  kinds  may  often  be  very  instructiyely  obserred  at 
lime-kilosy  especially  those  roughly-built  kilns  or  pits  which  may 
still  be  met  with  in  outlying  districts.  Some  of  the  stones  lining 
8ach  cayities  will  be  found  with  no  sensible  ohangOy  others  show  a 
somewhat  cellular,  others  a  rudely  prismatic  structure,  while  some 
hare  had  their  surfaces  fused  into  a  rough  glaze  or  enamel.  The 
bricks  or  stones  used  for  lining  furnaces  present  similar  illustrations. 
In  these  and  other  effects,  when  produced  by  the  contact  of  hot 
intruded  igneous  rocks,  the  alteration  is  merely  local,  and  has 
obviously  been  produced  either  by  contact  with  a  highly-heated 
sar&ce,  or  through  the  operation  of  heated  yapours  escaping  from 
the  eruptiye  mass.  But,  besides  such  minor  efiects  due  to  contact, 
oUiers  of  a  more  general  kind  affect  large  masses  of  rock  or  whole 
districts  of  country  (Book  IV.  Part  VIIl!). 

The  effect  of  heat  in  the  open  air  upon  different  minerals  yaries 
considerably.  Thus  a  few,  such  as  natiye  arsenic  and  calomel,  pasa 
into  Tapour  without  melting  and  form  sublimates.  But  many  re- 
fractory substances  may  be  made  to  sublimate  in  the  presence  of 
other  yapours,  in  particular,  of  fluorine  and  boron  (see  p.  302). 
Some  minerals  (sulpnur,  for  example)  pass  at  once,  others  (like  mica, 
oliyme,  and  hornblende),  almost  at  once,  from  the  liquia  into  the 
solid  condition,  as  water  does  in  freezing.  The  majority,  how- 
erer,  after  fusion,  haye  an  intermediate  yiscous  stage,  like  that 
of  iron  and  glass.  Many  minerals  can  be  made  to  crystallize  again 
after  fusion  (augite,  garnet,  calcite,  rock-salt,  fluor-spar),  or  can  be 
artificially  produced  by  the  melting  together  of  their  component 
ingrediwits  (augite,  apatite,  pyromorphite) ;  others,  howeyer,  remain 
in  an  amorphous  yitreous  condition.^ 

A  glass  is  an  amorphous  substance  resulting  from  fusion, 
perfectly  isotropic  in  its  action  on  transmitted  polarized  light  {ante, 
pp.  99, 189).  Its  specific  ^ayity  is  rather  lower  than  that  of  the  same 
substance  in  the  crystallized  condition.  By  being  allowed  to  cool 
slowly,  or  being  kept  for  some  hours  at  a  heat  which  softens  it,  glass 
assomes  a  duil  porcelain-like  aspect  This  deyitrification 
posseases  much  interest  to  the  geologist,  seeing  that  most  yolcanic 
rocks,  as  has  been  alrecuiy  (p.  104)  described,  present  the  characters 
of  deyitrified  dasses.  it  consists  in  the  appearance  of  minute 
crystallites,  ana  otiier  imperfect  or  rudimentary  crystalline  forms, 
Acconipanied  with  an  increase  of  density  and  diminution  of  yolume. 
It  must  be  regarded  as  an  intermediate  stage  between  the  perfectly 
glany  and  the  crystalline  conditions. 

ffocks  exposed  to  temperatures  as  high  as  their  melting-points 
fose  into  glass  which,  in  the  great  majority  of  cases,  is  of  a  bottle- 
green  or  black  colour,  the  depth  of  the  tint  depending  mainly  on  the 

>  Both,  Ckam.  Gtol  L  p.  40l 


Digitized  by 


Google 


294  DYNAMICAL  GEOLOGY.  [Book  m. 

proportion  of  iron.  Tn  this  respect  they  resemble  the  natural  glasses 
— ^pitchstones  and  obsidians.  They  almost  always  contain  minute 
ceils  or  babbles,  arising  probably  from  the  disengagement  of  water 
or  of  oxygen.  But  after  the  moist  thorough  fusion  which  has  been 
found  possible,  minute  granules  usually  appear  in  the  solidified 
fflass*  Sometimes  these  consist  of  specks  of  (juartz  (which  from 
its  refractory  nature  is  especially  apt  to  remam  unmelted)  or  of 
other  minerals  of  the  original  rocK.^ 

Microscopic  investigation  of  artificially-fused  rocks  shows  that, 
even  in  what  seems  to  oe  a  tolerably  homogenous  glass,  there  are 
abundant  minute  hair-like,  feathered,  needle-shaped,  or  irregularly- 
aggreeated  bodies  diffused  through  the  glassy  paste.  These  crystal- 
lites, m  some  cases  colourless,  m  others  opaque,  metallic  oxides, 
particularly  oxides  of  iron,  resemble  the  crystallites  observed  in  many 
volcanic  rocks  (p.  100).  They  may  be  obtained  even  from  the  fusion 
of  a  granitic  or  granitoid  rock,  as  in  the  well-known  case  of  the 
Mount  Sorrel  syenite  near  Leicester,  which,  being  fused  and  slowly 
cooled,  yielded  to  Mr.  Sorby  abundant  crystallites,  including 
exquisitely-grouped  octohedra  of  magnetite.' 

According  to  the  observations  of  Delesse,  volcanic  rocks,  when 
reduced  to  a  molten  condition,  attack  briskly  the  sides  of  the 
Hessian  crucibles  in  which  they  are  contained,  and  even  eat  them 
through.  This  is  an  interesting  fact,  for  it  helps  to  explain  how 
some  mtrusive  igneous  rocks  have  come  to  occupy  positions  previously 
filled  hj  sedimentary  strata,  and  why,  under  such  circumstances,  the 
composition  of  the  same  mass  of  rock  should  be  found  to  vary 
considerably  from  place  to  place.^ 

Contraction  of  Rocks  in  passing  firom  a  Glassy  to  a  Stony 
State. — ^Reference  has  .been  made  (pp.  284,  291)  to  the  expansion  of 
rocks  by  heat  and  their  contraction  on  cooling ;  likewise  to  the  differ- 
ence between  their  volume  in  the  molten  and  in  the  solid  state.  It 
would  appear  that  this  diminution  in  density  as  rocks  pass  from  a  crys- 
talline into  a  vitreous  condition,  is,  on  the  whole,  greater  the  more 
silica  and  alkali  are  present,  and  is  less  as  the  proportion  of  iron,  lime, 
and  alumina  increases.  According  to  Delesse,  granites,  qnartziferous 
porphyries,  and  such  highly  siBcated  rocks  lose  from  8  to  11 
per  cent,  of  their  density  when  they  are  reduced  to  the  condition  of 
glass,  basalts  lose  from  3  to  5  per  cent,  and  layas,  including  the 

'  One  of  the  basalts  of  Arthur's  Seat,  EdiDbnrgfa,  after  exposure  to  a  high  tempeiBtnre 
for  four  hours,  was  supposed  to  be  completely  fused;  but  was  found  on  examinatHin 
with  the  microscope  to  have  retained  its  large  labradorite  orystals,  only  partially  loonded 
on  the  edges  and  otherwise  una£fected. 

*  Zirkel,  Mik.  Besch,  p.  92 ;  Sorby,  Address  GeoL  Sect.  BriL  Assoc,  ISSa  On  the 
microscopic  structure  of  slags,  Ac,  see  Vogelsang's  ^  KrystaUiten." 

*  BtiA.  8oe,  Q^oL  France^  2nd  ser.,  i?.  1382 ;  see  also  Trans,  Edin,  £oy.  Sec  zzix. 
p.  492.  ^Bischof  has  deecribed  a  series  of  experiments  on  the  fusion  of  lavas  with 
different  proportions  of  clay-sUte.  He  found  that  the  lava  of  Niedermendig  ktpt  an 
hour  in  a  bellows>fumaoe  was  reduced  to  a  black  glassy  substance  without  porasi  and 
that  a  similar  product  was  obtained  eren  after  30  per  cent,  of  day-slate  had  beoi  added 
iknd  the  whole  had  been  kept  for  two  hours  in  the  furnace.  Ckem,  wnd  Phgs,  OtoL' 
Bupp.  (1871),  p.  98. 
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ritreons  yarieties,  from  0  to  4  per  cent.^  More  recently  Mr.  Mallet 
bas  obseryed  that  plate  glass  (taken  as  representatiye  of  acid  or 
sQiceoiis  rocks)  in  passing  from  the  liquid  condition  into  solid  glass 
contracts  1*59  per  cent.,  100  parts  of  the  molten  liquid  measuring 
98*41  when  solidified;  while  iron-slag  (haying  a  composition  not 
unlike  that  of  many  basic  igneous  rocks)  contracts  6'7  per  cent., 
100  parts  of  the  molten  mass  measuring  93*3  when  cold.^  By 
the  contraction  due  to  such  changes  in  the  internal  condition  of 
subterranean  masses  of  rock  minor  oscillations  of  leyel  of  the  surface 
maj  be  accounted  for,  as  already  stated  (p.  284).  Thus  the  yitreous 
•obdification  of  a  molten  mass  of  siliceous  rock  1000  feet  thick  might 
eause  a  subsidence  of  about  16  feet,  while,  if  the  rock  were  basic, 
the  amount  of  subsidence  might  be  67  feet. 

DiflTerence  between  the  products  of  artificial  fusion  and 
natural  lavas. — ^In  the  experiments  of  De  Saussure,  Dolomieu,  Hall, 
and  subsequent  obseryers,  it  has  been  found  impossible  to  obtain 
bam  a  piece  of  fused  rock  a  crystalline  substance  exactly  resembling 
the  original  mass.  Externally  it  may  appear  quite  stony,  but  its 
btemaf  structure,  as  reyealed  by  the  microscope,  shows  it  to  be 
enentially  a  slag  or  glass,  and  not  a  truly  crystalline  rock.  There 
is  another  fundfunental  difference  between  the  natural  and  artificial 
products.  When  a  compound  containing  substances  of  different 
nisibilities  is  artificially  melted,  and  allowed  thereafter  to  cool  in 
inch  a  way  that  the  yarious  ingredients  may  separate  from  each 
other,  they  appear  in  their  order  of  fusibility,  the  most  refractory 
coming  firsthand  the  most  fusible  being  the  last  to  take  a'soUd  form. 
Bat  in  rocks  which  haye  crystallized  naturally  from  a  fluid  condition, 
it  is  often  to  be  obseryed  that  the  component  minerals  haye  been  far 
bom  obeying  what  might  haye  been  supposed  to  be  their  inyariable 
law.  ThuBf  in  all  pcu-ts  of  the  world,  granite  presents  the  yery 
striking  iact  that  its  quartz,  which  we  call  an  infusible  mineral,  has 
tctoally  solidified  after  the  more  fosible  felspar.  In  the  Yesuyian 
IsTss  the  difiBcultly  fusible  leucite  may  be  seen  to  haye  enclosed 
crystals  already  formed  of  the  fusible  augite.  In  some  ancient 
crystalline  rocRs  the  pyroxenic  constituents,  which  offer  a  less 
resistance  to  fusion,  haye  assumed  a  crystalline  form  before  the  more 
rsfractory  triclinic  felspars.  From  these  facts  it  is  clear  that,  in  the 
fusion  of  rocks  and  in  their  subsequent  consolidation,  there  haye  been 
conditions  under  which  the  normal  order  of  appearance  of  the 
minerals  mieht  be  disturbed  or  reyersed. 

Yet  another  fact  may  be  mentioned  to  show  further  the  difference 
between  the  kind  of  fusion  which  has  frequently  obtained  in  nature 

*  BmtL  8oe,  QkL  Fnmee,  1847,  p.  1890.  Bisohof  had  determined  the  oontnoiton  of 
ffuite  to  be  at  much  as  25  per  cent.  (Leonhard  und  Bronn  Jahrb.  1841).  The  correct- 
BMi  of  thla  detenniDfUioii  waa  diaptxted  by  D.  Forbea  {Geol.  Ma^.  1870,  p,  1^,  who 
fcond  from  hia  own  ezperimenta  that  the  anymnt  of  oontraotion  innal  be  nmcn  leaa. 
The  fahiea  given  were  atiU  ao  mnch  in  exoeaa  of  thoae  recently  obtained  with  mnch  oare 
by  Mallet,  that  aome  defect  in  their  determination  may  be  anapeoted. 

*  FML  THm.  olziiL  pp.  201, 204;  oUt.;  Proe.  Jhy.  800.  xsdi.  p.  828. 
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and  that  of  the  ordinary  operations  of  a  ^lass-work  or  iron-fomace. 
As  far  back  as  the  year  1846,  Scheerer  oEs^red  that  there  exist  in 
granite  Tarious  minerals  which  could  not  have  consoh'dated  save  at 
a  comparatively  low  temperature.  He  instanced  especially  gadolinites, 
orthit^s,  and  allanites,  which  cannot  endure  a  higher  temperatore 
than  a  dull-red  heat  without  altering  their  physical  characters; 
and  he  concluded  that  granite,  though  it  may  have  possessed  a  high 
temperature,  cannot  have  solidified  from  simple  igneous  fusion.^ 

We  mav  conclude,  therefore,  that  the  confessedly  igneous  rocks 
of  the  earth's  crust,  though  they  can  be  shown  to  have  been  in  a 
fluid  or  pasty  state,  have  not  sobdified  from  that  mere  simple  fusion 
which  we  can  accomplish  artificially,  but  that  conditions  have  been 
involved  which  have  not  been  successfully  imitated  in  any  laboratory 
or  furnace.  We  may  infer  also  that  in  the  modifications  of  rock 
structure  and  texture,  short  of  actual  fusion,  simple  dry  heat  ^mn 
not  been  the  active  Agent. 

Three  obvious  differences  present  themselves  between  the  nataral 
and  artificial  oprations.  (1.)  The  element  of  time  must  be  taken 
into  account ;  igneous  rocks,  more  particularly  the  portions  of  them 
which  consolidated  beneath  the  surface,  have  cooled  vastly  more 
slowly  than  any  artificial  product.  (2.)  Bocks  which  have  nn- 
doabtedly  once  been  in  a  liquid,  others  that  may  have  consolidated 
from  a  pasty  condition,  and  some  which  have  been  injected  as  veins 
and  dykes  into  previously  consolidated  masses,  contain  water 
imprisoned  within  their  component  crystals.  This  is  not  water 
subsequently  introduced.  Ocular  demonstration  of  the  abundance 
of  water  in  the  molten  magma  beneath  the  crust  is  furnished  by  the 
enormous  discharges  of  staun  from  volcanoes,  and  from  many  erupted 
lavas,  long  after  they  have  congealed  (p.  198).  In  the  crystals 
of  recent  lava,  as  well  as  in  those  of  early  geological  periods,  the 

{iresence  of  water  in  minute  cavities  may  be  readily  detected  (p.  96). 
t  is  contained  in  microscopic  cells  within  the  component  nunerals, 
and  was  enclosed  with  its  gases  and  sab'ne  solutions  at  the  time 
when  these  minerals  crystallized  out  of  their  parent  magma. 
The  quartz  of  granite  is  usually  fall  of  such  water-vesides.  ^'A 
thousand  millions,"  says  Mr.  J.  Clifton  Ward,  **  might  easily  be 
contained  within  a  cubic  inch  of  quartz,  and  sometimes  the 
contained  water  must  make  up  at  least  6  per  cent,  of  the  whole 
volume  of  the  containing  quartz."  Thns  microscopic  investiga- 
tion confirms  the  conclusion  arrived  at  by  Scheerer  m  the  memoir 
already  cited,  that  at  the  time  of  its  eruption  granite  must 
have  been  a  kind  of  pasty  mass  containmg  a  considerable 
proportion  of  water.  It  is  common  now  to  speak  of  the  **aquo- 
igneous  '*  origin  of  some  eruptive  rocks,  and  to  treat  their  production 
as  a  part  of  what  are  termed  the  **  hydro-thermal "  operations  of 
geoloCT^.  We  may  conclude  that,  while  some  rocks,  like  obsidian 
and  pitchstone,  which  so  closely  resemble  artificial  glasses,  may  have 
1  BuH  Boo.  Oeol.  Franco,  ir.  p.  468. 
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been  derived  from  a  simple  igneous  fusion  such  as  can  be  imitated  in 
a  fdinace  (though  even  m  these  the  presence  and  influence  of  water 
may  be  traced),  the  yast  majority  of  rocks  haye  had  a  more  complex 
origin,  and  in  a  great  number  of  cases  can  be  proved  to  have  oeen 
mingled  with  more  or  less  water  while  they  were  still  fluid.  Some 
of  the  operations  of  the  contained  water,  so  far  as  they  can  be  inferred 
from  experiment,  are  stated  at  p.  298.  (3.)  There  can  be  no  question 
that,  in  the  great  hypogene  laboratory  of  nature,  rocks  have  been 
Boftoied  and  fused  under  enormous  pressure.  Besides  the  pressure 
due  to  their  varying  depth  from  the  surface,  they  must  have  been 
subject  to  the  enormous  expansion  of  the  superheated  water  or  vapour 
which  filled  all  their  cavities,  and  sometimes,  also,  to  the  compres- 
sicm  resulting  from  the  secular  contraction  of  the  globe  and  conse- 
quent corrugation  of  the  crust  Mr.  Sorby  inferred  that  in  many 
cases  the  pressure  under  which  granite  consolidated  must  have  been 
equal  to  that  of  an  overlying  mass  of  rock  60,000  feet,  or  more 
tliAn  9  miles,  in  thickness,  while  De  la  Valine  Poussin  and  Benard 
from  other  data  deduced  a  pressure  equal  to  87  atmospheres  (p.  97). 
It  is  not  probable  that  any  such  thick  overlying  mass  ever  did  cover 
the  granite. 

n,  therefore,  any  conclusion  may  be  safely  based  upon  the  con- 
current testimony  of  experiment,  it  would  appear  that  perfect  anhy- 
drous fusion,  or  the  reduction  of  a  rock  to  the  state  of  a  completely 
bomoeeneous  glass,  has  been  a  comparatively  rare  process  in  nature, 
or  at  least  that  such  glasses,  if  originally  formed,  nave  in  the  vast 
majority  of  cases  undergone  devitrincation  and  crystallization,  until 
the  glassy  base  has  been  reduced  to  a  fraction  of  the  total  mass  of 
the  rock,  or  has  entirely  passed  into  a  stony  condition.  Besides 
the  obsidians  and  other  natural  glasses,  traces  of  an  original  vitreous 
base  can  be  readily  observed  with  the  microscope  between  the 
definitely-formed  crystals  of  many  igneous  rocks.  But  in  such 
rocks  as  granite,  no  glass  exists,  nor  any  trace  of  the  crystallites  so 
generally  found  as  accompaniments  of  the  vitreous  condition. 
Doubtless  such  differences  point  to  original  distinctions  in  the  kind 
and  degree  of  fusion  of  the  rocks.  It  seems  reasonable  to  suppose 
tiiat  those  rocks  which  show  a  glassy  ground-mass,  and  the  presence 
of  crystallites,  have  been  fused  under  conditions  more  nearly 
resembling  those  of  the  simple  igneous  fusion  of  experiment. 

SublimatioxL — It  has  long  been  known  that  many  mineral 
substances  can  be  obtained  in  a  crystalline  form  from  the  condensation 
of  vapours  (p.  202).  This  process,  called  Sublimation,  may  be  the 
result  of  the  mere  cooling  and  reappearance  of  bodies  which  have 
been  vaporised  by  heat  and  solidify  on  cooling,  or  of  the  solution 
of  these  bodies  in  other  vapours  or  gases,  or  of  the  reaction  of 
diSsr^t  vapours  upon  each  other.  These  operations,  of  such  common 
occarrence  at  volcanic  vents,  and  in  the  crevices  of  recently  erupted 
and  still  hot  lava-streams,  have  been  successfully  imitated  by 
experiment    In  the  early  researches  of  Sir  James  Hail  on  the  effects 
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of  heat  modified  by  compression,  he  obtained  by  sablimaiion 
**  transparent  and  well-defined  crystals/'  lining  the  unoccupied  portion 
of  a  hermetically-sealed  iron  tube,  in  which  he  had  placed  and 
exposed  to  a  high  temperature  some  fragments  of  limestone.^ 
Numerous  experiments  have  been  made  by  Delesse,  Daubr^  and 
others,  in  the  production  of  minerals  by  sublimation.  Thus,  many  of 
the  metallic  sulphides  found  in  mineral  yeins  haye  been  prodncea  by 
exposing  to  a  comparatiyely  low  temperature  (between  that  of 
boiling  water  and  a  dull-red  heat)  tubes  containing  metallic  chlorides 
and  sulphide  of  hydrogen.  By  yarying  the  materials  employed, 
corundum,  (jnartz,  apatite,  and  other  minerals  haye  been  obtained. 
It  is  not  difficult,  tnerefore,  to  understand  how,  in  the  creyices  of 
laya-streams  and  yolcanic  cones,  as  well  as  in  mineral  yeins,  sulphides 
and  oxides  of  iron  and  other  minerals  may  haye  been  formed  by  the 
ascent  of  heated  yapours.  Superheated  steam  is  endowed  with  a 
remarkable  power  of  dissolving  that  intractable  substance,  silica; 
artificially  heated  to  the  temperature  of  the  melting  point  of  cast- 
iron,  it  rapidly  attacks  silica,  and  deposits  the  mineral  in  snow- 
white  crystals  as  it  cools.  Sublimation,  howeyer,  can  hardly  be 
conceived  as  haviuj?  operated  in  the  formation  of  rocks,  save  here 
and  there  in  the  inmling  of  open  fissures. 

§  2.    Influence  of  Heated  Water — Metamorphism. 

In  the  geological  contest  fought  at  the  beginning  of  the  oentory 
between  the  Neptunists  and  the  rlutonists,  the  two  great  battle-cries 
were,  on  the  one  side.  Water,  on  the  other.  Fire.  The  progress  of 
science  siuce  that  time  has  shown  that  each  of  the  parties  had  some 
truth  on  its  side,  and  had  seized  one  aspect  of  the  problems  touching 
the  origin  of  rocks.  If  subterranean  heat  has  played  a  large  part  in  the 
construction  of  the  materials  of  the  earth's  crust,  water,  on  the  other 
hand,  has  performed  a  hardly  less  important  share  of  the  task.  They 
have  often  co-operated  together,  and  in  such  a  way  that  the  result 
must  be  regarded  as  their  joint  achievement,  wherem  the  respectiye 
share  of  each  can  hardly  be  exactly  apportioned.  In  Part  U.  of  tins 
Book  the  chemical  operation  of  infiltrating  water  at  ordinary  tem- 
peratures at  the  surface  and  among  rocks  at  limited  depths  is 
described.  We  are  here  concerned  mainly  with  the  work  done  by 
water  when  within  the  influence  of  subterranean  heat. 

Presence  of  water  in  all  rocks. — By  numerous  observations  it 
has  been  proved  that  all  rocks  within  the  accessible  portion  of  the 
earth's  crust  contain  interstitial  water,  or,  as  it  is  sometimes  called, 
quarry-water  (eau  de  earriere).  This  is  not  chemically  combmed 
with  their  mineral  constituents,  nor  hermetically  sealed  up  in  yesides, 
but  is  merely  retained  in  their  pores.  Most  of  it  evaporates  when 
the  stone  is  taken  out  of  the  parent  rock  and  freely  exposed  to  the 
atmosphere.    The  absorbent  powers  of  rocks  vary  greatly,  and  chiefly 

>  Tram$.  B09,  80c  BdiiL  tL  p.  lia 
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in  proportion  to  their  degree  of  porosity.  Gypsum  absorbs  from 
about  0'50  to  1'50  per  cent,  of  water  b)^  weight ;  granite,  about  0*37 
per  cent. ;  quartz  from  a  vein  in  granite,  0*08 ;  chalk,  about  20*0 ; 
plastic  day,  from  19-5  to  24-5.  These  amounts  may  be  increased  by 
exhausting  the  air  from  the  specimens  and  then  immersing  them  in 
water.* 

The  interstitial  water  of  i^eous  rocks  may  be  either  an  original 
oonstitaent,  deriving  its  origm,  like  any  of  the  component  minerals, 
from  molten  reservoirs  within  the  earth's  crust,  or  may  have  de- 
scended from  the  surface.  Many  facts  ma^  be  adduced  in  support  of 
the  greater  probability  of  the  second  view.  Besides  the  general 
proximity  of  volcanic  orifices  to  large  sheets  of  water,  we  have 
abundant  evidence  of  the  actual  descent  of  water  from  the  surface, 
both  through  fissures,  and  also  by  permeation  through  the  solid 
substance  of  rocks.  AH  surface  rocks  contain  water,  and  no  mineral 
substance  is  strictly  impervious  to  the  passage  of  this  liquid.  The 
well-known  artificial  colouring  of  agates  proves  that  even  mineral 
substances  apparently  the  most  homogeneous  and  impervious  can  be 
teversed  by  liquids.  In  the  series  of  experiments  above  (p.  263) 
referred  to,  Daubr^  has  illustrated  the  power  possessed  by  water  of 
penetrating  rocks,  in  virtue  of  their  porosity  and  capillarity,  even 
against  a  considerable  counter-pressure  of  vapour;  and,  without 
denying  the  presence  of  original  water,  l^e  concludes  that  the 
interstitial  water  of  igneous  rocks  may  all  have  been  derived  by 
descent  from  the  surface. 

The  masterly  researches  of  PoiseuUle  have  shown  that  the  rate  of 
flow  of  liquids  through  capillaries  is  augmented  by  heat.  He  proves 
that  water  at  a  temperature  of  45°  C.  in  such  situations  moves  nearly 
three  times  faster  than  at  a  temperature  of  0°  C.  At  the  high 
temperatures  under  which  the  water  must  exist  at  some  depth  within 
the  crust,  its  power  of  penetrating  the  capillary  interstices  of  rocks 
must  be  incr^tsed  to  such  a  degree  as  to  enable  it  to  become  a 
powerful  geological  agent.' 

Solvent  power  of  water  among  rocks. — ^The  presence  of 
interstitial  water  must  afiPect  the  chemical  constitution  of  rocks.  It 
is  now  well  understood  that  there  is  probably  no  terrestrial  substance 
which,  under  proper  conditions,  is  not  to  some  extent  soluble  in 
water.  By  an  interesting  series  of  experiments,  made  many  years 
ago  by  Messrs.  Rogers,  it  was  ascertained  that  ordinary  mineral 
constituents  of  rocks  could  be  dissolved  to  an  appreciable  extent  even 
by  distilled  water,  and  that  the  change  was  accelerated  and  augmented 
by  the  presence  of  carbonic  acid.^  Water,  as  pure  as  it  ever  occurs 
in  a  natural  state,  can  hold  in  solution  appreciable  proportions  of 

*  Bee  an  interesting  paper  by  Dele8se,^tttt.  800,  QeoL  Franee,  2me  sdr.  zix.  (1861-2) 
p.  65. 

'  C<mpU$  Bendus  (1840),  xL  p.  1048.  Ttaff  (JUgemeine  Oeologie,  p.  141)  conolndeB 
from  his  calcnlationB  a«  to  the  relations  between  pressure  and  tension  that  water  may 
dMoend  to  any  depth  in  fissores  and  remain  in  a  fluid  state  aven  at  high  temperatures. 

*  Amerioan  Joum,  Science  (2),  t.  p.  401. 


Digitized  by 


Google 


300  DYNAMICAL  GEOLOGY.  [Book  in. 

»ilicA»  fJkaliferous  silicatesy  and  iron  oxide  even  at  ordinary  tem- 
peratures. The  mere  presence,  therefore,  of  water  within  the  pores 
of  subterranean  ro<^  cannot  but  give  rise  to  changes  in  the  com- 
position  of  these  rocks.  Some  of  the  more  soluble  materials  must  be 
aissohed,  and,  as  ihe  water  evaporates,  must  be  redeposited  in  a  new 
form.* 

This  power  increased  by  heat. — ^The  chemical  action  of  water 
is  iuoreased  by  heat^  which  may  be  either  the  earth's  original  heat 
or  that  which  arises  from  internal  crushing  of  the  crust  Mere 
descent  from  the  surface  into  successive  isogeotherms  raises  the 
temperature  of  permeating  water  until  it  may  greatly  exceed  the 
boiling  point.  &ut  a  high  temperature  is  not  necessary  for  many 
important  mineral  rearrangements.  Daubr6e  has  proved  that  very 
moderate  heat,  not  more  Siat  50°  G.  (122°  Fahr.)  has  sufficed  for 
the  production  of  zeolites  in  Boman  bricks  by  the  mineral  waters  of 
Plombi^res.^  He  has  experimentally  demonstrated  the  vast  increase 
of  chemical  activity  of  water  with  augmentation  of  its  temperature, 
by  exposing  a  glass  tube  containing  about  half  its  weight  of  water  to 
a  temperature  of  about  400°  0.  At  the  end  of  a  week  he  found  the 
tube  so  entirely  changed  into  a  white,  opaque,  powdery  mass  as  to 
present  not  the  least  resemblance  to  glass.  The  remaining  water 
was  highly  charged  with  an  alkaline  silicate  containing  63  per 
cent,  of  soda  and  37  per  cent,  of  silica,  with  traces  of  potash  and 
lime.  The  white  solid  substance  was  ascertained  to  be  composed 
almost  entirely  of  crvstalline  materials,  partly  in  the  fonn  of 
minute  perfectly  limpid  bipyramidal  crystals  of  quartz,  but  chiefly 
of  very  small  acicular  prisms  of  woUastonite.  It  was  found,  more- 
over, that  the  portion  of  the  tube  which  had  not  been  directly  io 
contact  with  the  water  was  as  much  altered  as  the  rest,  whence  it 
was  inferred  that  at  these  high  temperatures  and  pressures  the 
vapour  of  water  acts  chemically  like  the  water  itself. 

Co-operation  of  pressure. — The  effect  of  pressure  must  be 
recognized  as  most  important  in  enabling  water,  especially  when 
heated,  to  dissolve  and  retain  in  solution  a  larger  quantity  of  mineral 
matter  than  it  could  otherwise  do.'  In  Daubr6e's  experiments  just 
cited,  the  tubes  were  hermetically  sealed  and  secured  against  fracture, 
so  that  the  pressure  of  the  greatly  superheated  vapour  had  full 
effect.  By  this  means,  with  alkaline  water,  he  not  only  produced 
the  two  minerals  above  mentioned,  but  also  felspar  and  diopside. 
The  enormous  pressures  under  which  many  crystalline  rocks  have 
solidified  is  indicated  by  the  liquid  carbon  aioxide  in  the  vesicles  of 
their  crystals. 

Experiments  in  metamorphism. — Besides  showing  the  solvent 
power  of  super-heated  water  and  vapour  upon  glass  in  iDustration  of 

>  Bee  Airther  on  thtf  fobjeot,  Part  II.  p.  858. 
■  G4oiogie  Exnirimowtale^  p.  462. 

*  SOTby  has  abowa  that  the  solubUity  of  aU  aalta  whioh  exhibit  oontraotion  in  aolii- 
on  iB  remarkably  increased  by  preMure.    Proc  Boy,  8oe,  (1862-8),  p.  840. 
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what  happens  within  the  crust  of  the  earth,  Dauhr^e's  experiments 
possess  a  high  interest  and  suggestiveness  in  regard  to  the  internal 
rearrangements  and  new  structures  which  water  may  superinduce  upon 
rocks.  Hermetically  sealed  glass  tubes  containing  scarcely  one-third  of 
their  weight  of  water  and  exposed  for  several  days  to  a  temperature 
below  an  incipient  red  heat,  showed  not  only  a  thorough  transformation 
ofstmcture  into  a  white,  porous,  kaolin-like  substance,  encrusted  with 
innumerable  bipyramidal  crystals  of  quartz  like  those  of  the  drusy 
carities  of  roc^  but  had  acquired  a  very  distinct  fibrous  and  even 
an  eminently  schistose  structure.  The  ^lass  was  found  to  split 
readily  into  concentric  laminsB  arranged  m  a  general  way  parallel 
to  the  oriraial  surfaces  of  the  tubKB,  and  so  thin  that  ten  of 
them  could  be  counted  in  a  breadth  of  a  single  millimetre.  Even 
where  the  glass  though  attacked  retained  its  vitreous  character, 
these  fine  zones  appeared  like  the  lines  of  an  agate.  The  whole 
structure  recalled  that  of  some  schistose  and  crystalline  rocks. 
Treated  with  acid  the  altered  glass  grumbled  and  permitted  the 
isolation  of  certain  nearly  opaque  globules  and  of  some  minute 
transparent  infusible  acicular  crystals  or  microliths,  sometimes 
grouped  in  bundles  and  reactmg  on  polarized  li^ht  Eeduced  to  thin 
fihces  and  examined  under  the  microscope  with  a  magnifying  power 
of  300  diameters,  the  altered  glass  presented :  1st,  Spherulites,  -^  of 
a  millimetre  in  radius,  nearly  opaque,  yellowish,  bristling  with  points 
which  perhaps  belong  to  a  kind  of  crystallization,  and  with  an 
internal  radiating  fibrous  structure  (these  resist  the  action  of  con* 
centrated  hydrocmloric  acid,  whence  they  cannot  be  a  zeolite,  but 
may  be  a  substance  like  chalcedony) ;  l^d,  innumerable  colourless 
acicular  niicroliths,  with  a  frequently  stellate,  more  rarely  solitary 
distribution,  resisting  the  action  of  acid  like  quartz  or  an  anhydrous 
silicate ;  3rd,  dark  green  crystals  of  pyroxene  (diopside).  Daubree 
satisfied  himself  that  these  enclosures  did  not  pre-exist  in  the  glass, 
bat  were  developed  in  it  during  the  process  of  alteration.^ 

Scheerer,  Mie  de  Beaumont,  and  Daubr^  have  shown  how  the 
presence  of  a  comparatively  small  quantity  of  water  in  eruptive 
Igneous  rocks  may  nave  contributed  to  suspend  their  solidification, 
and  to  promote  the  crystallization  of  their  silicates  at  temperatures 
considerably  below  the  point  of  fusion  and  in  a  succession  different 
from  their  relative  order  of  fusibility.  In  this  wav  the  solidification 
of  Quartz  in  granite  after  the  crystallization  of  the  silicates,  which 
would  be  unintellio:ible  on  the  supposition  of  mere  dry  fusion, 
becomes  explicable,  likewise  the  enclosure  of  highlv  fusible  augite  in 
the  nearly  infusible  leucite  of  some  Italian  lavas.  The  water  may  be 

*  OM,  ExpMm.  p.  15S  et  •eq.  The  pxodaotion  of  crygtals  and  microliths  in  the 
^•vitrlfloation  of  gUss  at  oompaiatiTely  low  temperatures  by  the  action  of  water  is  of 
pMt  interart.  The  first  obaerrer  who  described  the  phenomenon  appears  to  hare 
^een  Brewster,  who,  in  the  second  decade  of  this  centorj,  studied  the  effect  upon 
P^^lvifed  light  of  glass  decomposed  by  ordinary  meteoric  action.  {PhiL  Tran$,  1814. 
f^oa*.  Bo^.  8oe.  Edin,  xxii.  (1860)  p.  607.  See  on  the  weathering  of  rocks,  PaH  II.  of 
tW«  Book,  p.  333.) 
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regarded  as  a  kind  of  motber-liijaor  out  of  which   the  silicates 
crystallize  apart  from  relative  fusibility. 

But  beside  the  effects  from  increase  of  temperature  and  pressure 
we  have  to  take  into  account  the  fact  that  water  in  a  natural  state  is 
never  chemicaUy  pure.  In  its  descent  through  the  air  it  absorbs  in 
particular  oxygen  and  carbon  dioxide,  and  filtering  through  the  soil  it 
abstracts  more  of  this  oxide  as  well  as  other  results  of  decomposing 
organic  matter.  It  is  thus  enabled  to  effect  numerous  aecom- 
positions  of  subterranean  rocks  e?en  at  ordinary  temperatures  and 
pressures.  But  as  it  continues  its  underground  journey  and  obtains 
increased  solvent  power,  the  very  solutions  it  takes  up  augment  its 
capacity  for  effecting  mineral  transformations.  The  influence  of 
dissolved  alkaliue  carbonates  in  promoting  the  decomposition  of 
many  minerals  was  long  ago  pomted  out  by  Bischof.  In  1857 
Sterry  Hunt  showed  by  experiments  that  water  impregnated  with 
these  carbonates  would,  at  a  temperature  of  not  more  than  212^  Fahr., 
produce  chemical  reactions  among  the  elements  of  many  sedimentary 
rocks,  dissol?ing  silica  and  generating  various  silicates.^  Danbr6e 
likewise  proved  that  in  presence  of  dissolved  alkaline  silicates  at 
temperatures  above  700"^  Tahr.  various  siliceous  minerals,  as  quartz, 
felspar  and  pyroxene,  could  be  crystallized,  and  that  at  this  tempera- 
ture these  suicates  would  combine  with  kaolin  to  form  felspar.' 

The  presence  of  fluonne  has  been  proved  experimentally  to  bare 
a  remarkable  action  in  facilitating  some  precipitates,  especially  tin 
oxides,  as  well  as  in  other  parts  of  the  mechanism  of  mineral  veins.' 
Further  illustrations  of  the  important  part  probably  played  by  this 
element  in  the  crystallization  of  some  minerals  and  rocks  ha?e  been 
published  by  St.  Claire  Deville  and  ELautefeuille,  who  by  the  use  of 
compounds  of  fluorine  have  obtained  such  minerals  as  rutile,  brookite, 
anatase  and  corundum  in  crystalline  form.^  £.  de  Beaumont  in- 
ferred  that  the  mineralizing  influence  of  fluorine  had  been  effectire 
even  in  the  crystallization  of  granite.  He  believed  that  "the 
volatile  compound  enclosed  in  granite,  before  its  consolidation 
contained  not  only  water,  chlorine,  and  sulphur,  like  the  substance 
disengaged  from  cooling  lavas,  but  also  fluorine,  phosphorus  and 
boron,  whence  it  acquired  much  greater  activity  and  a  capacity  for 
acting  on  many  bodies  on  which  the  volatile  matter  contained  in  the 
lavas  of  Etna  has  but  a  comparatively  insignificant  action."* 

Application  of  experimental  results  to  the  theory  of  the 
znetamorphism  of  rocks. — In  a  large  number  of  instances  it  is 
doubtless  quite  impossible  to  say  from  which  of  the  various  sources 
of  hypogene  heat  above  enumerated,  or  from  what  combination  d 

»  PhO,  Mag.  XV.  p.  68. 

«  BuU.  8oc.  O^ol.  France,  xv.  p.  103. 

*  First  suggested  by  Daubree,  Ann,  de»  Mines  (1841),  Sme  8^.  xx.  p.  65. 
«  Comptes  Eendue,  xWi.  p.  764  (1858) ;  xlvii.  p.  89 ;  Ivii  p.  648  (1865). 

*  Sur  tee  Etnanaiions  Votoaniques  et  MStaUiferes,  BuU,  8oe,  OeoL  Francet  !▼.  0^^ 
p.  1249.  This  admirable  and  exhaustive  memoir,  one  of  the  greatest  monumentf  of 
K.  de  Beaumont's  genius,  should  be  consulted  by  the  student. 
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them,  that  elevation  of  temperature  has  proceeded  of  which  the 
metamorphism  of  rocks  may  be  regarded  as  one  result.  Looking  at 
the  question  in  its  broadest  aspect  and  without  reference  to  the  special 
source  of  heat,  we  can  perceive  four  conditions  which  must  have 
largely  determined  internal  rearrangements  in  rocks.  (1)  The 
temperature,  from  the  lowest  at  which  any  change  is  possible  up  to 
that  of  complete  fusion ;  (2)  the  nature  of  the  materials  operated 
upon,  some  oeing  much  more  susceptible  of  change  from  heat  than 
others ;  (3)  the  pressure  under  which  the  heat  acted,  the  potency  of 
its  action  being  much  increased  with  increase  of  pressure ;  (4)  the 
presence  of  water  usually  containing  various  mineral  solutions, 
whereby  chemical  changes  might  be  effected  which  would  not  be 
possible  in  dry  heat. 

Since  experiment  has  proved  that  in  presence  of  water  under 
pressure,  even  at  comparatively  low  temperatures,  mineral  substances 
are  vigorously  attacked,  we  may  expect  to  find  that  as  these  con- 
ditions abundantly  exist  within  the  earth's  crust,  the  rocks  exposed 
to  them  have  been  more  or  less  altered.  A  larire  proportion  of  the 
accessible  crust  consists  of  sedimentary  materials  which  were  laid 
down  on  the  ocean  bottom,  and  which  were  abundantly  soaked  with 
sea-water  even  after  they  had  been  covered  over  with  more .  recent 
formations.  The  gradual  growth  of  the  submarine  accumulations 
would  of  course  deprive  the  lower  strata  of  most  of  their  original 
water,  but  some  proportion  of  it  would  probably  remain.  If,  according 
to  Dfljia,  the  average  amount  of  interstitial  water  in  stratified  rocks, 
such  as  limestones,  sandstones,  and  shale^i,  be  assumed  to  be  2*67 
per  cent,  which  is  probably  less  than  the  truth,  ^*  the  amount  will 
correspond  to  two  quarts  of  water  for  every  cubic  foot  of  rock."  ^ 
There  is  certainly  a  considerable  store  of  water  ready  for  chemical 
action  when  the  required  conditions  of  heat  and  pressure  are  ob- 
tained. We  must  also  remember  that  as  the  water  in  which  the 
sedimentary  formations  of  the  crust  were  formed  was  mostly  that  of 
tiie  ocean,  it  already  possessed  chlorides,  sulphates,  and  other  salts 
with  which  to  begin  its  reactions.  The  inference  may  therefore  be 
drawn  that  rocks  possessing  not  more  than  3  per  cent,  of  interstitial 
water  cannot  be  depressed  to  depths  of  severaf  thousand  feet  beneath 
the  level  of  the  earth's  surface,  and  undergo  ^reat  pressure  and 
crashing,  without  suffering  more  or  less  marked  mtemal  ch^mge  or 
metamorphism. 

A  metamorphosed  rock  is  one  which  has  suffered  such  a  minera- 
logical  rearrangement  of  its  substance.  It  may  or  may  not  have  been  a 
crystalline  rock  orijginally.  Any  rock  capable  of  alteration  (and  all 
rocks  must  be  so  in  some  degree)  wiU,  when  subjected  to  the  re- 
quired conditions,  become  metamorphic.  The  resulting  structure, 
however,  will,  in  most  cases,  bear  witness  to  the  original  character 
of  the  mass.  In  some  cases  the  change  has  consistea  merely  in  the 
rearrangement  or  crystallization  of  one  mineral  originally  present,  as 
>  Manual,  3rd  ed.  (1880),  p.  758. 
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in  limestone  converted  into  marble ;  in  others  it  has  involved  the 
introduction  of  mineral  solutions,  and  the  partial  or  complete  trani- 
fonnation  of  the  original  constituents,  whether  crystalline  or  dastie, 
into  new  crystalline  minerals.  Quartz-rock  is  evidently  a  compacted 
sandstone,  either  hardened  by  mere  pressure,  or  most  frequently  by 
the  deposit  of  silica  between  its  granules,  or  a  slight  solution  of 
these  granules  by  permeating  water  so  that  they  have  become 
mutuaUy  adherent.  A  clay-slate  is  a  hardened,  cleaved,  and  somewhat 
altered  form  of  muddy  sediment,  which  on  the  one  hand  may  be 
found  full  of  organic  remains  like  any  common  shale,  while  on  the 
other  it  may  be  traced  becoming  more  and  more  cryBtallina 
until  it  passes  into  ohiastolite-slate,  or  some  other  crystalline  rock. 
Yet  remains  of  the  fossils  may  be  obtained  even  in  the  same  hand* 
specimens  with  crystals  of  andalusite,  ^met,  or  other  minerals.  The 
calcareous  matter  of  corals  is  sometimes  replaced  bv  hornblende, 
garnet,  and  axinite  without  deformation  of  the  fossils.  ^ 

A  few  illustrative  examples  of  metamorphism  may  be  given  here; 
the  structure  of  metamorphic  rocks,  with  the  phenomena  of  ^'  regional  "* 
and  '^ contact''  metamorphism,  will  be  aiscussed  in  Book  lY^ 
Part  VIII. 

PFoduction  of  Marble  firom  Limestone. — One  of  the  most 
obvious  cases  of  alteration — the  conversion  of  ordinary  limestone 
into  crystalline  saccharoid  marble— has  been  already  (p.  291) 
referred  to.^  The  calcite  having  undergone  complete  transformatioD, 
its  original  structure,  whether  organic  or  not,  has  been  effaced,  and  a 
new  structure  has  been  developed  consisting  of  an  aggregate  of 
minute  rounded  grains,  each  with  an  independent  crystalline 
arrangement.  The  production  of  a  crystalline  stnicture  in  amorphooi 
calcite,  may  be  effected  by  the  action  of  mere  meteoric  water  at  or 
near  the  surface  {ante,  p.  166  and  jmiea,  p.  353).  But  the  generatioii 
of  the  peculiar  granular  structure  of  marble  always  demands  beat 
and  pressure  and  probably  usually  the  presence  of  water;  the  detaib 
of  the  process  are,  however,  still  involved  in  obecority.  We  know 
that  where  a  dyke  of  basalt  or  other  intrusive  rock  has  involfed 
limestone,  it  has  sometimes  been  able  to  convert  it  for  a  short 
distance  into  marble.  The  heat  (and  perhaps  the  moisture)  of  the 
invading  lava  have  sufficed  to  produce  a  granular  structure,  whidi 
even  under  the  microscope  is  iaentical  with  that  of  marble.  ThB 
conversion  of  wide  areas  of  limestone  into  marble  is  a  regional 
metamorphism  associated  usually  with  the  alteration  of  other 
sedimentary  masses  into  schists,  &c 

Doloniitization. — ^Another  alteration  which  from  the  labours  of 
Von  Buch  received  in  the  early  decades  of  this  century  much  attentioo 
from  geologists  is  the  conversion  of  ordinary  limestone  into  dolonute. 
Some  dolomite  appears  to  be  an  origiual  chemical  precipitate 
from  the  saline  water  of  inland  seas  (Part  II.  Sect.  iL  $  4).    But 

*  i4fifi.  det.  Mine$^  5me  a^.  xii.  p.  Sia 

*  8ee  alM  ^BlAmarotU"  in  Book  IT.  Ptot  Vm. 
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calcareous  formations  doe  to  organic  secretions  are  often  weakly 
dolomitic  at  the  time  of  their  formation,  and  may  have  their 
proportion  of  magnesiom  carbonate  increased  by  the  action  of 
permeating  water,  as  is  proved  by  the  conversion  into  dolomite  of 
shells  and  other-organisms,  consisting  originally  of  ealcite  or  arago- 
nite  and  forming  portions  of  what  was  no  doubt  originally  a  limestone, 
though  now  a  continuous  mass  of  dolomite.  This  change  may  have 
sometimes  consisted  in  the  mere  abstraction  of  carbonate  of  lime  from 
a  limestcme  already  containiog  carbonate  of  magnesia,  so  as  to  leave 
ike  rock  in  the  form  of  dolomite ;  or  probably  more  usually  in  the 
action  of  the  magnesium  salts  of  sea-water,  especially  the  chloride, 
upon  or^uically  formed  limestone;  or  sometimes  locally  in  the 
action  of  a  solution  of  carbonate  of  magnesia  in  carbonated  water 
upon  limestone,  either  magnesian  or  non-magnesian.  £lie  de  Beau- 
mont calculated  that  on  the  assumption  that  one  out  of  every  two 
equivalents  of  carbonate  of  lime  was  replaced  by  carbonate  of  mag- 
nesia, the  conversion  of  limestone  into  dolomite  would  be  attended 
with  a  reduction  of  the  volume  of  the  mass  to  the  extent  of  12*1  per 
cent  It  is  certainly  remarkable  in  this  connection  that  larse  masses 
of  dolomite  which  may  be  conceived  to  have  once  been  limestone 
have  the  cavernous,  fissured  structure,  which  on  this  theory  of  their 
origin  might  have  been  looked  for. 

Dolomite  has  been  produced  both  on  a  small  and  on  a  ^reat  scale. 
In  the  north  of  England  and  elsewhere,  the  Carboniferous  Limestone 
has  been  altered  for  a  few  feet  or  yards  on  either  side  of  its  joints 
into  a  dull  yellow  dolomite,  locally  termed  '*  dunstone."  Similar 
vertical  zones  of  dolomite  occur  also  in  the  Carboniferous  Limestone 
of  the  South  of  Ireland,  together  with  beds  of  magnesian  limestone, 
interstratified  with  the  ordinary  limestone.  Harmless  pointed  out 
that  the  vertical  ribs  occur  where  the  rocks  are  much  jointed,  and 
the  beds  where  they  have  few  or  no  joints.^  No  aoubt  mere 
percolating  water  has  in  these  instances  been  the  agent  of  change. 
On  the  other  hand,  there  occur  great  regions  of  dolomite  with 
a  crystalline  structure,  which,  like  that  of  the  Eastern  Alps,  has 
bj  some  writers  been  regarded  as  altered  ordinary  limestone.  In  all 
probability,  however,  these  masses  became  dolomite  at  the  beginmng 
py  the  action  of  the  magnesian  salts  of  the  concentrated  waters  of 
bland  seas  upon  organic  or  inorganic  calcareous  deposits  accumulated 
previous  to  the  concentration,  tiieir  metamorphism  having  consisted 
nuunly  in  the  subsequent  generation  of  a  crystalline  structure 
analogous  to  that  of  the  conversion  of  limestone  into  marble.^ 

Conversion  of  Vegetable  Substance  into  CoaL — Exposed  to 
the  atmosphere,  dead  vegetation  is  decomposed  into  humus,  which 

>  Q.  J.  GeoL  8oe,  xv.  p.  100. 

'  On  dolomitisEmtloD,  see  L.  von  Buob,  in  LeoDhard's  Mifierdlog,  Teuchenhuch,  1824 ; 
Naimiaii's  GtognoBte^  L  p.  763 ;  Biachofe  Chemical  Qeology,  iii. ;  Elie  de  Beaumout,  BuU. 
8oe,  Gid,  Tiii.  (1836).  p.  174.  Sorby.  Brit.  J$80c  Rep.  1856,  part  U.  p.  77.  and  Address 
Q.  /.  GeoL  8oe,  1879.  A  foU  statement  of  the  literature  of  this  subject  wiU  be  found  in  a 
•aggettlTe  memoir  by  0.  Doelter  and  B.  Hoemes,  Jdhrb,  Oeol,  BeichtanHalt,  xzt. 
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goes  to  increase  the  soil.  But  sheltered  from  the  atmosphere, 
exposed  to  the  action  of  water,  especially  with  an  increase  of  tempe- 
rature, and  under  some  pressure,  it  is  converted  into  lignite  and  coaL 
An  example  of  this  alteration  was  obserred  a  few  years  ago  in  the 
Dorothea  mine,  Clausthal.  Some  of  the  timber  in  a  long-disused 
level,  filled  with  slate  rubbish,  and  saturated  with  the  mine-water 
from  decomposing  pyrites,  was  found  to  have  a  leathery  consistence 
when  wet,  out,  on  exposure  to  the  air,  hardened  to  a  firm  and 
ordinary  brown-coal,  which  had  the  typical  brown  colour  and 
external  fibrous  structure,  with  the  internal  fracture,  of  a  black  gloBsy 
pitch-coal.^  This  change  must  have  been  produced  within  less  than 
four  centuries — the  time  since  the  levels  were  opened.  According  to 
Bischof  s  determinations  the  conversion  of  wood  into  coal  may  teke 
place,  1st,  by  the  separation  of  carbonic  acid  and  carburetted 
hydrogen;  2nd,  by  the  separation  of  carbonic  acid  and  the 
formation  of  water  either  from  oxidation  of  hydrogen  bv  meteoric 
oxygen  or  from  the  hydrogen  and  oxygen  of  the  wood ;  ord,  by  the 
separation  of  carbonic  acid,  carburetted  hydrogen  and  water.^  The 
circumstances  under  which  the  vegetable  matter  now  forming  coal 
has  been  accumulated  were  favourable  for  this  slow  transmutation. 
The  carbon-dioxide  (choke-damp)  of  old  coal-mines  and  the  carburetted 
hydrogen  (fire-damp  CH4V  given  off  in  such  large  quantities  by  coal 
seams,  are  products  of  tue  alteration  which  would  appear  to  be 
accelerated  by  terrestrial  movements  such  as  those  that  compress 
and  plicate  rocks.  During  the  process  these  gases  escape,  and  the 
proportion  of  carbon  progressiv^y  increases  in  the  residue,  till  it 
reaches  the  most  highly  mineralized  anthracite  (p.  172),  or  may 
even  pass  into  nearly  pure  carbon  or  graphite.  In  the  coal-basins  of 
Mens  and  Valenciennes  the  same  seams  which  are  in  the  state  of 
bituminous  coal  {gras)  at  the  surface  gradually  lose  their  volatile 
constituents  as  they  are  traced  downward  till  they  pass  into  anthracite. 
In  the  Pennsylvanian  coal-field  the  coals  become  more  anthracitic 
as  they  are  followed  into  the  eastern  region,  where  the  rocks  hare 
undergone  great  plication,  and  where,  possibly  durine  the  sub- 
terranean movements,  they  were  exposed  to  an  elevation  of 
temperature.^  Daubr^e  has  produced  irom  wood,  exposed  to  tiie 
action  of  superheated  water,  orop-like  globules  of  anthntcite  which 
had  evidently  been  melted  in  the  transformation,  and  which  presented 
a  close  resemblance  to  the  anthracite  of  some  mineral  veins.^ 

Produotion  of  the  Schistose  Straotore. — ^All  rocks  are  not 
equally  permeable  by  water,  nor  is  the  same  rock  equally  permeable 
in  231  directions.  Among^  the  stratified  rocks  especially,  which  fonn 
so  large  a  proportion  of  the  visible  terrestrial  crust,  there  are  great 
differences  in  the  facility  with  which  water  can  travel,  the  planes  of 
sedimentation  being  naturally  those  along  which  water  passes  most 

*  UiiBohwold,  Z,  Deid$ch.  Oeol.  Oee.  xxv.  p.  364. 
^  BiBohoL  Chem,  Oeol  i.  p.  274. 

•  Daubr^  "  Otologie  Exp^rimentale,**  p.  468.  *  Op,  dtp,  177. 
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easily.  It  is  in  these  planes  that  the  differences  of  mineral 
stmcture  and  composition  are  ranged.  Layers  of  siliceous,  argillaceous, 
and  calcareous  material  alternate,  each  varying  in  porosity  and 
capability  of  being  chauged  by  permeating  water.  We  may, 
therefore,  expect  mat  unless  the  original  stratified  structure  has 
been  effiftced  or  rendered  inoperative  by  any  other  superinduced 
structure,  it  will  guide  the  metamorphic  action  of  underground  water, 
and  will  remain  more  or  less  distinctly  traceable,  even  after  very 
considerable  mineralogical  transformations  have  taken  place.  Even 
without  this  guiding  influence,  superheated  water  can  produce  a 
sdiistose  structure,  as  Danbree's  experiments  upon  glass,  above 
dted,  have  proved. 

The  stratified  formations  consist  largely  of  silica,  silicates  of 
alumina,  lime,  magnesia,  soda,  potash,  and  iron  oxides.  These  mineral 
Eobstances  exist  there  as  origmal  ingredients,  partly  in  recognizable 
worn  crystals,  but  mainly  in  a  granular  or  amorphous  condition, 
ready  to  be  acted  on  by  permeating  water  under  the  requisite 
conditions  of  temperature  and  pressure.  We  can  understand  that 
any  re-combination  and  re-crystallization  of  the  silicates  will 
probably  follow  the  laminsB  of  deposit,  and  that  in  this  way  a  crys* 
talline  foliated  structure  may  be  developed.  Round  masses  of 
panite  erupted  among  Paheozoic  rocks,  mstructive  sections  inay 
be  observed  where  a  transition  can  be  traced  from  ordinary  unaltered 
sedimentary  strata,  such  as  sandstones,  greywackes  and  shales 
containing  fossils^  into  foliated  crystalline  rocks  to  which  the  names 
of  mica-schist  and  gneiss  may  be  applied.  (Book  IV.,  Part 
Yin.)  Not  only  can  the  gradual  change  into  a  crystalline  foliated 
structure  be  readily  followed  with  the  naKed  eye,  but  with  the  aid  of 
the  microscope  the  finer  details  of  the  alteration  can  be  traced. 
Minute  plates  of  some  micaceous  mineral  and  small  concretions  of 
quartz  or  felspar  may  be  observed  to  have  crystallized  out  of  the 
surrounding  amorphous  sediment.  These  can  be  seen  gradually 
increasing  in  size  and  number  until  the  rock  assumes  a  thoroughly 
foUated  structure  and  j^asses  into  a  true  schist.  Yet  even  in  such 
a  schist  traces  of  the  original  and  durable  water-worn  quartz-granules 
may  be  detected.^  Foliation  is  thus  a  crystalline  segregation  of  the 
mineral  matter  of  a  rock  in  certain  dominant  j^laues  which  are 
probably  for  the  most  part  those  of  original  stratification,  but  may 
in  some  cases  be  those  of  joints  or  of  cleavage.^  Mr.  Sorby  has 
recognized  foliation  in  these  three  sets  of  planes  even  among  the 
same  rocks.^ 

Scrope  many  years  ago  called  attention  to  the  analogy  between 
the  foliation  of  schists  and  the  ribbanded  or  streaky  structure  of 
trachyte,  obsidian  and  other  lavas.^    This  analogy  has  even  been 

»  Sorby,  Q.  J.  Otol,  8oc.  xxxvi.  p.  82. 

*  Dsrwin,  **  Geological  ObBenraiions,''  p.  162.  Ramsay,  **  Geology  of  North  Wales/' 
in  MemoifB  of  QtoL  Survey,  toL  ilL  p.  182. 


*  Op.  ciL  p.  84. 
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regarded  as  an  identity  of  structure,  and  the  idea  has  found  supporters 
that  the  schistose  rocks  'ha?e  been  in  a  condition  similar  to  or 
identical  with  that  of  many  yolcanic  masses  and  hare  acquired  their 
peccdiar  fissilitv  by  differential  movements  within  the  Tiscoos  or 
pasty  magma,  the  solidified  minerak  being  drawn  out  into  layers  in 
the  direction  of  motion.  Daubr^,  availing  himself  of  the  researches 
of  Tresca  on  the  flow  of  solids  (posiea,  p.  313),  has  endeavoured  to 
imitate  artificially  some  of  the  pnenomena  of  foliation  by  exposing 
clay  and  other  substances  to  great  but  uneaual  pressure.^  It  is 
inconceivable,  however,  that  such  changes  could  have  been  prodnced 
over  the  vast  areas  occupied  by  foliated  rocks.  At  the  same  time, 
the  intense  corrugation  and  crumpling  of  these  rocks  deserves  in 
this  connection  attentive  consideration. 

A  relation  can,  indeed,  be  commonly  traced  between  the  complete- 
ness of  the  crystalline  schistose  structure  and  the  extent  of  the  corni- 
gation,  the  most  highly  puckered  masses  being  also  as  a  rule  the 
most  crystalline.  So  universal  is  this  relation  as  to  show  that 
crumplic^  and  foliation  stand  in  close  connection  with  each 
other.  The  inference  seems  reasonable  that  the  intense  compres- 
sion of  the  masses,  as  maintained  by  Mr.  Mallet,  has  been  attended 
with  the  generation  of  sufficient  heat  to  allow  of  the  observed 
chemical  and  mineralogical  rearrangements. 

In  some  places  the  schistose  structure  disappears  and  is  replaced 
by  one  of  a  thoroughly  amorphous  kind,  indistinguishable  from  that 
of  ordinary  eruptive  rocks.  Where  tliis  has  taken  place  veins  or 
injected  portions  of  the  amorphous  rock  may  be  observed  penetrating 
the  adjoming  highly  crystallme  foliated  masses.  It  is  in  such  cases 
difficult  to  avoid  the  conclusion  that  these  intrusive  veins  are  really 
portions  of  the  foliated  rocks  reduced  to  the  ultimate  stage  of 
crystalline  rearrangement,  every  trace  of  foliation  or  original  struc- 
ture having  been  effaced,  and  the  rocks  having  been  brought  into 
a  plastic  condition,  in  which,  during  the  crumpling  of  the  crost,  they 
were  actually  forced  into  cracks  of  the  less  hjghly  altered  members 
of  their  own  series.  There  is  no  essential  distinction  between  gneiss 
and  granite,  save  the  foliated  structure  of  the  one  and  the  amorphous 
structure  of  the  other.  But  gneiss  in  a  plastic  state  and  squeezed 
into  fissures,  or  between  beds  of  firmer  consistence,  would  doubtless 
consolidate  as  granite. 

Thus  the  study  of  metamorphism  and  metamorphic  rocks  leads 
us  from  unaltered  stratified  deposits  at  the  one  end  into  true  eroptiTe 
masses  at  the  other.  We  are  presented  with  a  cycle  of  change 
wherein  the  same  particles  of  mineral  matter  pass  from  igneous  rod^s 
into  sedimentary  deposits,  then  by  increasing  stages  of  alteration 
back  into  crystalliDe  amorphous  masses  like  the  origind  rocks, 
whence,  after  being  reduced  to  detritus  and  re-deposited  in  sedimen- 
tary formations,  they  may  be  once  more  launched  on  a  similar  series  of 
transformations.  The  phenomena  of  metamorphism  appear  to  be 
>  *'  G^logie  Exp^rimentale,"  p.  410. 
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linked  together  with  those  of  igneous  action  as  connected  manifesta- 
tions of  hypogene  change.  The  author  has  further  suggested  a 
relation  between  periods  of  extensive  metamorphism  and  periods 
of  Yolcanic  eruption.  He  has  pointed  out  that  in  the  geological 
history  of  Britain  there  are  indications  of  such  a  relation,  the  yolcanic 
eraptions  of  the  Old  Bed  Sandstone  period,  for  exanaple,  succeeding 
the  time  when  the  Silurian  rocks  of  the  Scottish  Highlapds  were 
crumpled  and  metamorphosed.^ 

§  3.     Effects  of  pressure. 

Besides  the  influence  of  pressure  in  raising  the  melting  point  of 
rocks,  and  in  permitting  water  to  remain  fluid  among  them  at 
Tery  high  temperatures,  we  have  to  consider  the  effects  produced 
by  the  same  cause  upon  rocks  already  solidified.  The  most 
obrious  result  of  pressure  is  consolidation,  as  where  a  mass  of 
loose  sand  is  gradually  compacted  into  a  more  or  less  coherent 
stone,  or  where,  with  accompanying  chemical  changes,  a  layer 
of  vegetation  is  compressed  into  peat,  lignite,  or  coal.  The 
cohesion  of  a  sedimentary  rock  may  be  due  merely  to  the  jiressare 
of  the  superincumbent  strata,  but  some  cementing  material  has 
usually  contributed  to  bind  the  component  particles  together.  Of 
these  natural  cements  the  most  frequent  are  peroxide  of  iron,  silica, 
and  carbonate  of  lime. 

Pressure  equally  distributed  over  a  rock  presenting  everjrwhere 
nearly  the  same  amount  of  resistance  will  promote  consolidation, 
but  may  produce  no  further  internal  change.  If,  however,  the 
pressure  becomes  extremely  unequal,  or  if  the  rock  subjected  to  it 
can  find  escape  from  the  strain  in  one  or  more  directions,  there  may 
be  a  rupture  in  the  continuity  of  the  mass  or  a  rearrangement  of 
its  particles,  which  by  this  means  are  made  to  move  upon  each 
other.      Five  consequences  of  these  movements  may  be  briefly 


alluded  to  here  in  illustration  of  hypogene  action  in  dynamical 
geolo^.  A  fuller  account  of  their  effects  in  the  general  structure 
of  rock-masses  will  be  found  in  Book  IV. 

(1.)  Minor  Raptures  and  Noises. — ^Among  mountain  valleys, 
in  railway  tunnels  through  hilly  regions,  or  elsewhere  among  rocks 
subjected  to  much  lateral  pressure,  sounds  as  of  explosions  are 
occasionally  heard.  These  noises  are  probably  the  result  of  relief 
from  great  lateral  compression.  The  rocks  have  for  ages  been  in  a 
state  of  strain,  from  which,  as  denudation  advances,  or  as  artificial 
excavations  are  made,  they  are  relieved,  and  this  relief  takes  place, 
not  always  uniformly,  but  sometimes  cumulatively  by  successive 
shocks  or  snaps.  Mr.  W.  H.  Niles  of  Boston  has  described  a  number 
of  interesting  cases  where  the  effects  of  such  expansion  could  be  seen 
in  quarries;  large  blocks  of  rock  being  rent  and  crushed  into 
fragments,  and  simdler  pieces  being  even  discharged  with  explosion 

*  TVanf.  QtU.  8oe.  Bdin,  iL  p.  2S7. 
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into  the  air.^  If  this  is  the  condition  of  rocks  even  at  the  snr&ce 
we  can  realize  that  at  great  depths,  where  escape  from  strain  is  for 
long  periods  impossibb,  and  the  compression  of  the  masses  must  be 
enormonSy  any  sadden  relief  from  this  strain  may  well  give  rise 
to  an  earthouake-shock  ^p.  273).  A  continued  condition  of  strain 
must  also  innuence  the  solvent  power  of  water  permeating  the  rocks 
(p.  300). 

(2.^  Cleavage. — ^When  a  mass  of  rock,  owing  to  subsidence  or 
any  otner  cause,  is  subjected  to  powerful  lateral  compression^  its  innate 
particles,  which  have  almost  myariably  a  longer  and  shorter  axi5, 
tend,  under  the  intense  strain,  to  rearrange  themselves  in  the  line  of 
least  resistance,  that  is,  with  their  long  axes  perpendicular  to  the 
direction  of  the  pressure,  whereby  a  fissile  structure  is  developed. 
Examined  microscopically  a  section  of  a  rock  thus  influenced  shows 
(Fig.  72)  a  striking  contrast  to  its  original  character  (Fig.  73). 


Fio.  72.— Section  op  Comfbessed  Ar- 
oiLLAcious  Bock  in  which  clbav- 
ag!  8tbcctube  has  been  developed. 
Magnified. 


Fio.  73. — Section  of  a  similar  Roce  whuh 

HAS     not     t'NDERGONE     TIII4    MOUIIICA* 

TioN,    Magnified. 


Bocks  which  have  been  thus  acted  on,  and  have  acquired  this 
superinduced  fissility,  are  said  to  be  cleaved,  and  the  Sssik 
structure  is  termed  cleavage.    In  Fig.  74,  for  example,  where  the 


Fio.  74.— Ci  bved  Quartz-rocks  traversed  by  tertical  and  HiOHLT-iKCunp 
Cleavage.    BorTH  Stack  LiGimiorsB,  Anglesea  (/?.). 

original  planes  of  stratification  of  the  rocks  are  represented  by  wa^T 
lines,  and  the  new  system  of  cleavage  planes  by  nne  upright  lio^ 

»  Proe.  Boiton  Soe.  Nat.  Eiti.  xviii.  p.  272  (1876), 
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the  stiata,  at  first  in  even  parallel  beds,  haye  been  subjected  to  great 
['       compression  from  the  directions  (a)  and  (b),  in  consequence  of  wbioli 
I       they  have  been  thrown  into  folds,  while  their  minute  particles  have 
■        been  forced  to  rearrange  themselves  perpendicularly  to  the  pressure, 
flence  the  rocks  are  both  crumpled  and  cleaved.    The  fineness  of  the 
cleavage  depends  in  liu*ge  measure  upon  the  texture  of  the  original 
rock.    Sandstones^  consisting  as  they  do  of  rounded  obdurate  quartz- 
grains,  take  either  a  very  rude  cleavage  or  none  at  all.  Pine-grained 
argillaceous  rocks,  consisting  of  minute  particles  or  flakes,  that  can 
adjust  their  long  axes  in  a  new  direction,  are  those  in  which  the 
Btrocture  is  best  developed.    In  a  series  of  cleaved  rocks,  therefore, 
cleavage  may  be  perfect  in  argillaceous  beds  (b  b,  Figs.  75  and  76), 


^'M^^^^ 


6 

Fio.  t5.  Fig.  7«. 

Detekdenoe  of  Cleavage  upon  the  Grain  op  the  Rock  (B,). 

and  imperfect  or  absent  in  interstratified  beds  of  sandstone  (a  a.  Fig. 
75)  or  of  limestone  (as  at  Clonea  Castle,  Waterford,  a  a,  Fig.  76). 

That  cleavage  has  really  been  produced  in  this  mechanical  way  by 
lateral  pressure  has  been  proved  experimentally  by  Sorby,  who  eflfected 

Erfect  cleavage  in  pipeclay  through  which  scales  of  oxide  of  iron 
d  previously  been  mixed.^  Tyndall  superinduced  cleavage  on 
bees-wax  and  other  substances  by  subjecting  them  to  severe  pressure. 
Cleavage  among  rocks  occurs  on  a  great  scale  in  countries  where  the 
strata  have  been  much  plicated,  that  is,  where  they  now  occupy  much 
less  horizontal  surface  than  they  once  did,  having  been  subjected  to 
powerful  lateral  pressure,  in  accommodating  themselves  to  their 
dimmished  area.  The  structure  of  districts  with  cleaved  rocks  is 
described  in  Book  IV.  Part  V. 

(3.)  Deformation. — Further  evidence  of  the  compression  to  which 
rocks  have  been  subjected  is  furnished  by  the  way  in  which  con- 
tiguous pebbles  in  a  conglomerate  may  be  found  to  have  been 
squeezed  into  each  other,  and  even  sometimes  to  have  been  elongated 
in  a  certain  general  direction.  It  is  doubtless  the  coarseness  of  the 
grain  of  such  rocks  which  permits  the  eflfects  of  compression  to  be 
80  readily  seen.     Similar  effects  may  take  place  in  fine-grained 

'  JSdin.  New  Phil,  Joum.  Iv.  (1S53),  p.  137.  The  student  will  flud  rcoeui  interesting 
idditions  to  oar  knowledge  of  the  microscopio  structure  and  the  history  of  cleaved  rocks 
in  Mr.  SorbT's  address,  Q.  /.  CM.  8oc,  zxxyi.  p.  72. 
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rocks  and  escape  observation.  Daubr^e  has  imitated  experimentally 
indentations  produced  by  the  contiguous  portions  of  conglomerate 
pebbles.^ 

In  discussing  the  cause  of  these  indentations  it  most  be  re- 
membered that  imprints  of  pebbles  upon  each  other,  particularly 
when  the  material  is  limestone  or  other  tolerably  soluble  rock,  may 
haye  been  to  some  extent  produced  by  solution  taking  place  most 
actively  where  pressure  was  neatest.  But  there  are  other 
indubitable  evidences  of  actual  deformation  within  the  mass  of  a 
rocky  proving  a  certain  de^ee  of  mobility  even  in  what  would  be 
termed  solid  and  brittle  rocks.  Of  these  evidences,  perhaps  the  most 
instructive  and  valuable  are  furnished  by  the  remains  of  plants  and 
animals  occurring  as  fossils.  Where  fossiliferous  rocks  have  under- 
gone great  compression,  and  have  suffered  internal  rearrangement, 
the  extent  of  this  movement  can  be  measured  in  the  resultant 
distortion  of  the  fossils.  In  Figs.  77  and  79  drawings  are  given  of  two 


Pio.   77. — A   Tbilobite 
(Calymene      BUiman- 

haehif),  NATUBAL 

SHAPE. 


Pio.  78.— Thi      sami 
Tbilobitb,  altebed 

BT  DETOBliATION — 
LOWEB         SlLCBIAN, 

Hendbb  Wen,  nbab 
Cbbbio  t  Dbuidiok, 
NoBTH  Wales.  (£.) 


Fio.    79.— A      BBiceiowD 
iStrofhcmena     expama). 

KATUBAL  SOAPS. 


Lower  Silurian  fossils  in  their  natural  forms.  In  Fig.  78  a  specimen  of 
the  same  species  of  trilobite  as  in  Fig.  77  is  representea  where  it 
has  been  distorted  during  the  compression  of  the  enclosing  rock. 
In  Fig.  80  four  examples  of  the  same  shell  as  in  Fig.  79  are 
shown  greatly  distorted  by  a  strain  which  has  elongated  the  rock  in 
the  direction  a  h. 

Another  illustration  of  the  effects  of   pressure  in  producing 
deformation    in   rocks,    is  supplied  by  the  so-called  '^lignilite^ 

>  CkmfU$  Rendui,  zliy.  p.  823 ;  also  his  O^kHogie  ExpMmentale,  Ptft  I.  »^  " 
chap,  ill  where  a  series  of  important  oxperiments  on  defomatioD  is  given.  For  nnooi 
examples  and  opinions,  see  Bothplctz,  Z.  DeuUch.  Oeci,  Oe$.  xxxt.  p.  355.  Heia* 
MeeKanitmui  der  OtbirfftbUdung,  1878,  Tol.  it  p.  81.  Httohoock,  Otcicop  t/  Fanaa^ 
i.  p.  28.  Proe.  BotL  Soe.  Nat.  Hi$k  vii.  pp.  209,  358 ;  xviii.  p.  97 ;  XT.  p.  1 ;  n-  P^  ''* 
Amer,  Anoe,  ISeP,  p.  83.    Amer.  Joum.  Sei,  (2)  xxxl.  p.  872. 
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*^ epsomites/'  or  '*  stylolites."  These  are  cylindrical  or  columnar  bodies 
rarying  in  length  np  to  more  than  foar  inches,  and  in  diameter  to 
two  or  more  inches.  The  sides  are  longitudinally  striated  or  grooved . 
Each  column,  usually  with  a  conical  or  rounded  cap  of  clay,  beneath 
wiiich  a  shell  or  other  orj^anism  may  frequently  be  detected,  is  placed 
at  right  angles  to  the  bedding  of  the  limestones,  or  calcareous  shales 


Fio.  80. — Siropkomena  expama,  altebsd  by  the  vmrovMisQ  ikfluencb  ov 

ClIATAOB— LOWEB  SiLUBIAH,  CWM  IdWAL,  GAKBNABYONBHnUB.  (B.) 

Uirough  which  it  passes,  and  consists  of  the  same  material.  This 
structure  has  been  referred  by  Professor  Marsh  to  the  difference 
between  the  resistance  offered  by  the  column  under  the  shell,  and 
by  the  surrounding  matrix  to  superincumbent  pressure.  The  striated 
surface  in  this  view  is  a  case  of  "  slickensides."  The  same  observer 
has  suggested  that  the  more  complex  structure  known  as  ''Cone  in 
cone  "  mav  be  due  to  the  action  of  pressure  upon  concretions  in  the 
course  of  iormation.^ 

The  ingenious  experiments  of  M.  Tresca  ^  on  the  flow  of  solids 
have  thrown  considerable  light  upon  these  internal  deformations  of 
rock-masses.  He  has  proved  that,  even  at  ordinary  atmospheric 
temperatures^  solid  resisting  bodies  like  lead,  cast-iron,  and  ice,  may 
be  so  compressed  as  to  undergo  an  internal  motion  of  their  parts, 
closely  analogous  to  that  of  fluids.  Thus,  a  solid  jet  of  leaa  has 
been  produced  by  placing  a  piece  of  the  metal  in  a  cavity  between 
the  jaws  of  a  powerful  compressing  machine.  Iron,  in  like  manner, 
has  Deen  forced  to  flow  in  the  solid  state  into  cavities  and  take  their 
shape.  On  cutting  sections  of  the  metals  so  compressed,  their 
particles  or  crystals  are  found  to  have  ranged  themselves  in  lines  of 
flow  which  follow  the  contour  of  the  space  into  which  they  have  been 
squeezed.  Such  experiments  are  of  considerable  geological  interest. 
Tbey  suggest  that  in  certain  circumstances,  under  great  pressure, 
the  unequally  mixed  particles  of  rocks  within  the  eartii's  crust  may 


*  Proe,  American  Amoc,  Science,  1867. 

*  QfmpieM  Bendw,  1861,  p.  754 ;  1867.  p.  809 


XX.  p.  75.    Inet.  Meek.  Engineen,  June,  1867 ; 


Mem.  8av.  jStrangeri,  zyiii.  p.  7S8 
Jnne,  1878. 
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not  only  have  been  foioed  to  reanan^  themselyes  as  in  cleavage 
Btrncture,  but  to  move  npon  each  other  to  such  a  degree  as  to 
acquire  a  **  flnxion-stmctnre "  redemblina^  that  seen  in  rocks  which 
have  possessed  true  liquidity  (p.  104).  !No  large  sheet  of  rock  can  be 
expected,  however,  to  have  undereone  this  internal  change;  the 
efi^cts  would  prol^bly  be  produced  only  here  and  ther^  at  places 
where  there  was  an  escape  from  the  pressure,  as,  for  instance, 
along  the  sides  of  fissures,^  or  in  other  cavities  of  rocks.  As 
alre^y  remarked,  this  explanation  ought  not  to  be  applied  to  the  case 
of  rocks  like  schists,  which  display  foliation  like  a  kind  of  fluxion- 
structure  over  areas  many  hundreds  of  square  miles  in  extent' 

4.  Plication.— On  the  assumption  of  a  more  rapid  contraction  of 
the  inner  hot  nucleus  of  the  globe,  and  the  consequent  descent  of  the 
cool  upper  sheU,  a  subsiding  area  requires  to  occupy  less  horizontal 
space,  and  must  therefore  suffer  powerful  lateral  compression.  The 
rocks  will  thus  be  crumpled,  as,  in  the  classic  experiment  of  Sir 
James  Hall  (Fig.  81)»  layers  of  cloth  are  folded  when  a  weight  is 


FlO.  81.— HaLL*8  ExPEBOCENT  ILLrSTBATINO  CONTOBTIOSr. 

placed  upon  them  and  they  are  squeezed  from  either  side.'  The 
mere  subsidence  of  such  a  curved  surface  as  that  of  our  globe  must 
thus  necessarilv  produce  much  lateral  compression  with  conseauent 
contortion.*  iJe  la  Beche  long  ago  pointed  out  that  if  contorted  and 
tilted  beds  were  levelled  out,  they  would  require  more  space  than 
can  now  be  obtained  for  them  without  encroaching  on  other  areas.* 
The  magnificent  example  of  the  Alps  brings  before  the  mind  the 
enormous  extent  to  which  the  crast  of  the  earth  has  in  some  places 
been  compressed.  According  to  the  measurements  and  estimates  of 
Professor  Heim  of  Zurich,  the  diameter  of  the  northern  zone  of  the 
central  Alps  is  only  about  one  half  of  the  original  horizontal  extent 
of  the  component  strata  which  have  been  corrugated  and  thrown 
back  upon  each  other  in  hu^e  folds  reaching  from  oase  to  summit  of 
lofty  mountains,  and  spreadmg  over  many  square  miles  of  surfiioe. 

»  See  the  remarks  made  under  *♦  Segregation  Veins,"  Book  IV.  Part  VIL  §  i 

*  See  Danbr^  "  Q6o].  Exp^rim.'*  i  p.  392. 

*  Tranf.  Itoy.  8oc,  Edin.  vii  p.  86. 

*  Mr.  J.  M.  WiUon  haa  calculated  that,  if  a  tract  of  the  eartli's  snrface,  345  miles 
in  brcadthf  bo  dqirewod  one  mile,  it  will  undergo  compression  to  the  extent  of  121 
jards ;  at  two  mikt  the  compression  will  be  189  yards ;  at  eight  mfles  598  yards  (OeoL 

'^ag,  T.  p.  206).    The  observed  amount  of  compression  in  dbtriets  of  contorted  rocb* 
werer,  far  exceeds  these  figures. 
»  *•  Report,  Devon  and  Cornwall,*'  p.  187. 
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He  oompates  the  horizontal  compreflsion  of  the  whole  chain  at 
120,000  mfetree,  liiat  is  to  say,  that  two  points  on  the  opposite 
mdes  of  the  chain  have,  by  the  folding  of  tne  crust  that  produced 
the  Alps,  been  brought  120,000  mMres,  or  74  miles,  nearer  each 
other  than  tiiey  were  before  tiie  movement^ 

Though  the  sight  of  such  colossal  foldings  of  solid  sheets  of  rock 
impresses  us  wiik  the  magnitude  of  the  compression  to  which  the 
crust  of  the  earth  has  been  subjected,  it  perhaps  does  not  convey  a 
Tsuxe  yiyid  picture  of  the  extent  of  this  compression  than  is  afforded 
hj  the  &ct  that  even  in  the  minuter  and  microscopic  structure  of 
the  rocks  intricate  puckerings  are  visible  (Fie.  19).  So  intense  has 
been  the  pressure,  that  even  the  tiny  flakes  of  mica  and  other 
minerals  have  been  forced  to  arrange  themselves  in  complex  folding. 

On  an  inferior  aoBle,  local  compression  and  contortion  may  be 
caused  by  the  protrusion  of  eruptive  rocks.  The  characters  of 
pUcated  rocks  as_part  of  the  framework  of  the  terrestrial  crust  are 
giyen  in  Book  IV:  Part  IV. 

5.  Jointing  and  Dislocation. — ^Almost  all  rocks  are  traversed 
bv  vertical  or  highly  inclined  divisional  planes  termed  jointa 
(Book  IV.  Part  11.).  These  have  been  regarded  as  due  in  some  way 
to  contraction  during  consolidation.  But  their  regularity  and  fre- 
quent persistence  across  materials  of  very  varying  texture  suggest 
rather  the  effects  of  internal  pressure  and  movement  within  the 
cmst.  In  an  ingenious  series  of  experiments  Daubr^e  has  imitated 
kunts  and  fractures  by  subjecting  different  substances  to  undu- 
latory  movement  by  torsion  and  by  simple  pressure,  and  he  infers 
that  they  have  been  produced  by  analogous  movements  in  the 
terrestrial  crust.* 

But  in  many  cases  the  rupture  of  continuity  has  been  attended 
with  relative  displacement  of  the  sides,  producing  what  is  termed  a 
fauH.  Daubrto  also  shows  experimentally  how  faults  may  arise 
from  the  same  movements  as  have  caused  joints  and  from  bending 
of  the  rocks.  Faults  must  be  regarded  as  connected  rather  with 
the  elevation  than  with  the  subsidence  of  ground.  Instead  of 
bavmg  to  occupy  a  diminished  diameter,  rocks  get  more  room  by 
being  pushed  up,  and  as  thev  cannot  occupy  the  fdditional  space  by 
luiy  emstic  expansion  of  their  mass,  they  can  only  accommodate 
themselves  to  tne  new  position  by  a  series  of  dislocations.^  Some 
portions  will  be  pushed  up  farther  than  others,  and  this  will  happen 
more  particularly  to  those  which  have  a  broad  base.  These  will  rise 
more  than  those  with  narrow  bottoms,  or  the  latter  will  seem  to  sink 
relatively  to  the  former.  Each  broad-bottomed  segment  will  thus 
be  bounaed  by  two  sides  sloping  towards  the  upper  part  of  the  block. 
This  is  found  to  be  almost  invariablv  the  case  in  nature.  A  fault  or 
dislocation  is  nearly  always  inclined  from  the  vertical,  and  the  side 

'  ^  HeohanismiLi  der  GebirgBbildung/'  1878,  vol.  ii.  p.  213. 

*  0461.  ExpSrim,  Part  I.  sect.  ii.  chap.  ii. 

*  See  J.  M.  Wilflon,  OeoL  Mag.  y.  p.  206. 
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to  which  the  inclinatum  nses,  and  from  which  it  **  hades,**  is  the 
upthrow  side.  The  details  of  these  features  of  geological  stroctore 
are  reserved  for  Book  lY.  Part  YL 


Pabt  IL— Epioehe  OB  Surface  Actiok. 

On  the  sar£BU»  of  the  globe  and  by  the  operation  of  agents  work- 
ing there  the  chief  amoont  of  risible  geological  dia^B;e  is  now 
effected.  This  branch  of  inquiry  is  not  involyed  in  the  pre- 
liminary di£Bcult^  r^arding  the  very  nature  o[  the  agents  which 
attends  the  investigation  of  plntonic  action.  On  the  conto^ry,  the 
surface  agents  are  carrying  on  their  work  under  our  very  eyes.  We 
can  watch  it  in  all  its  stages,  measure  its  progress,  and  mark  in  many 
ways  how  well  it  represents  similar  changes  which  for  lon|;  ages 
previously  must  have  been  effected  by  similar  means.  But  m  the 
systematic  treatment  of  this  subject  a  difBculty  of  another  kind 
presents  itself.  While  the  operations  to  be  discussed  are  namerous 
and  often  complex,  they  are  so  interwoven  into  one  great  network 
that  any  separation  of  them  under  different  subdivisions  is  sure  to 
be  more  or  less  artificial,  and  is  apt  to  convey  an  erroneous  im- 
pression. While,  therefore,  under  the  unavoidable  necessity  of 
making  use  of  such  a  classification  of  subjects,  we  must  bear  always 
in  mind  that  it  is  employed  merely  for  convenience,  and  that  in 
nature,  superficial  geological  action  must  be  viewed  as  a  whole,  since 
the  work  of  each  agent  has  close  relations  with  that  of  the  others, 
and  is  not  properly  intelligible  unless  this  connection  be  kept  in 
view. 

The  movements  of  the  air;  the  evaporation  from  land  and  sea: 
the  fall  of  rain,  hail,  and  snow ;  the  flow  of  riyers  and  glaciers;  the 
tides,  currents,  and  waves  of  the  ocean ;  the  growth  and  decay  of 
organized  existence,  alike  on  land  and  in  the  depths  of  the  sea;—in 
short,  the  whole  circle  of  movement,  which  is  continually  in  pro^;ress 
upon  the  surface  of  our  planet,  are  the  subjects  now  to  be  exammed. 
It  would  be  desirable  to  adopt  some  general  term  to  embrace  the 
whole  of  this  range  of  inquiry.  For  this  end  the  word  e  p  i  g  e  n  e  mav 
be  suggested  as  a  convenient  term,  and  antithetical  to  hypogene, 
or  subterranean  action. 

The  simplest  arranjgement  of  this  part  of  (Geological  Dynamics 
will  be  into  three  sections : — 

I.  Air. — The  influence  of  the  atmosphere  in  destroying  and 
forming  rocks. 

II.  Water. — The  geological  functions  of  the  circulation  of  water 
through  the  air  and  between  sea  and  land,  and  the  action  of  the  sea 

ifl.  Life, — The  part  taken  by  plants  and  animds  in  preserving, 
destroying,  or  originating  geological  formations. 

The  words  destructive,  reproductive,  and  conservative,  employed  in 
describing  the  operations  of  the  epigene  agents,  do  not  neceflsarily 
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imply  that  anything  useful  to  man  is  destroyed,  reproduced,  or 
preeenred.  On  the  contrary,  the  destructiye  action  of  the  atmosphere 
may  cover  bare  rock  with  rich  soil,  while  its  reproductive  effects 
may  bury  fertile  soil  under  sterile  desert.  Again,  the  conser- 
yative  influence  of  vegetation  has  sometimes  for  centuries  retained  as 
barren  morass  what  might  otherwise  have  become  rich  meadow  or 
luxuriant  woodland  The  terms,  therefore,  are  used  in  a  strictly 
geological  sense,  to  denote  the  removal  and  re-deposition  of  material, 
and  its  agency  in  preserving  what  lies  beneath  it. 

Section  i. — Air. 

The  geological  action  of  the  atmosphere  arises  partly  from  its 
chemi(^  composition  and  partly  from  its  movements.  The  com- 
position of  the  atmospheric  envelope  has  been  already  discussed 
(p.  30),  and  further  information  will  be  found  under  the  head  of  Bain. 
The  movements  of  the  atmosphere  are  due  to  variations  in  the 
distribution  of  pressure  or  density,  the  law  being  that  air  always 
moves  spirally  from  where  the  pressure  is  high  to  where  it  is  low. 
Atmospheric  pressure  is  understood  to  be  determined  by  two  causes, 
temperature  and  aqueous  vapour.  Since  warm  air,  being  less  dense 
than  cold  air,  ascends,  while  the  latter  flows  in  to  take  its  place,  the 
unequal  heating  of  the  earth's  surface,  by  causing  upward  currents 
from  the  warmed  portions,  produces  horizontal  currents  from  the 
surrounding  cooler  regions  inwards  to  the  central  ascending  mass  of 
heiUed  air.  The  familiar  land  and  sea  breezes  offer  a  good  example 
of  this  action.  Again  the  density  of  the  air  lessens  with  increase 
of  water-vapour.  Hence  moist  air  tends  to  rise  as  warmed  air 
does,  with  a  corresponding  inflow  of  the  drier  and  consequenUy 
heavier  air  from  the  surrounding  tracts.  Moist  air,  ascending  and 
diminishing  atmospheric  pressure,  as  indicated  by  the  fall  of  the 
barometer,  rises  into  higner  regions  of  the  atmosphere,  where  it 
expands,  cools,  condenses  into  visible  cloud  and  into  showers  that 
descend  again  to  the  earth. 

Unequal  and  rapid  heating  of  the  air,  or  accumulation  of  aqueous 
vapour  in  the  air,  and  possibly  some  other  influences  not  yet  properly 
understood,  give  rise  to  extreme  disturbances  of  pressure,  and 
conseouently  to  storms  and  hurricanes.  For  instance,  the  barometer 
sometimes  indicates  in  tropical  storms  a  fall  of  an  inch  and  a  half  in  an 
hour,  showing  that  somewhere  about  a  twentieth  part  of  the  whole  mass 
of  atmosphere  has  in  that  short  space  of  time  been  displaced  over  a 
certain  area  of  the  earth's  surface.  No  such  sudden  change  can  occur 
without  the  most  destructive  tempest  or  tornado.  In  Britain  the 
tenth  of  an  inch  of  barometric  fall  in  an  hour  is  regarded  as  a  large 
amount,  such  as  only  accompanies  great  storms.^  The  rate  of  move- 
ment of  the  air  depends  on  the  difference  of  barometric  pressure 
between  the  regions  from  and  to  which  it  blows.  Since  much  of  the 
potency  of  the  air  as  a  geolc^cal  agent  depends  on  its  rate  of 
1  Boohia'f  Md9onAagy,  p.  266. 
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motion,  it  is  of  interest  to  note  the  ascertained  velocity  and  presBUie 
of  wind  as  expressed  in  the  subjoined  table : — 

«  VoIocUy  in  Miles       PresBure  in  Ponnds 

per  tiour.  per  sqiure  foot. 

Calm 0  0 

Light  breezo         ....     14  1 

Strong  breezo        ....     42  9 

Strong  gale 70  25 

Hurricane 84  36          . 

^  While  the  paramount  importance  of  the  atmosphere  as  the 
vehicle  for  the  circulation  of  moisture  over  the  globe,  and  con- 
sequently as  powerfully  influencing  the  distribution  of  climate  and 
the  growth  of  plants  and  animals,  must  be  fully  recognized  by  the 
geologist,  he  is  specially  called  upon  to  consider  the  influence  of  the 
air  in  directly  producing  geological  changes  upon  the  surface  of  the 
land  and  in  augmenting  the  geological  woik  done  by  water. 

§  L  Geological  work  of  the  air  on  land. 

Viewed  in  a  broad  way  the  air  is  engaged  in  the  twofold  task  of 
promoting  the  disintegration  of  superficial  rocks  and  in  removing 
€Uid  redistributing  the  finer  detritus.  These  two  operations  however 
are  so  intimately  bound  up  with  each  other  that  they  cannot  be 
adequately  understood  unless  considered  in  their  mutual  relations. 

!•  Destrnctive  action. — Still  dry  air  not  subject  to  much 
range  of  temperature  has  probably  little  or  no  effect  on  minerals  and 
roc^.  The  chemical  action  of  the  atmosphere  takes  place  almc^ 
entirely  through  dissolved  moisture.  This  subject  is  discussed  in 
the  section  devoted  to  Rain.  But  sunlight  produces  remarkable 
changes  on  a  few  minerals.  Some  lose  their  colours  (celestine, 
rose-quartz),  others  change  it,  as  cerargyrite  does  from  colourless  to 
black,  and  realgar  from  red  to  orange-yellow.  Some  of  these 
alterations  may  be  explained  by  chemical  modifications  induced  by 
such  causes  as  the  loss  of  organic  matter  and  oxidation.  Certain  sub- 
aerial  changes  though  not  properly  atmospheric  may  be  most  appro- 
priately considered  here. 

Effects  of  lightning. — Hibbert  has  given  an  account  of 
the  disruption  by  lightning  of  a  solid  mass  of  rock  105  feet  long,  10 
feet  broad,  and  in  some  places  more  than  4  feet  high,  in  Fetlar,  one 
of  the  Shetland  Islands,  about  the  middle  of  last  centurv.  The 
dislodged  mass  was  in  an  instant  torn  from  its  bed  and  broken  into 
three  large  and  several  lesser  fragments.  "  One  of  these,  28  feet  long, 
17  feet  broad,  and  5  feet  in  thictaiess,  was  hurled  across  a  high  point 
of  rock  to  a  distance  of  50  yards.  Another  broken  mass,  about  40 
feet  long,  was  thrown  still  fui*ther,  but  in  the  same  direction  and 
quite  into  the  sea.  There  were  also  many  lesser  fragments  scattered 
up  and  down."  ^ 
The  more  usual  effect  of  lightning,  however,  is  to  produce  in 

I  Hibbert'B  SJietland  hlands,  p.  889,  qnoiing  from  the  M8.  of  Rev.  Gcor^  Low. 
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looee  sand  or  more  compact  rock,  tubes  tenned  fulffimtes^  which 
range  up  to  2^  inches  in  diameter.  These  descend  vertically  but 
sometimes  obliquely  from  the  surface,  occasionally  branch,  and 
rapidly  lessen  in  dimensions  till  they  disappear.  They  are  formed 
bv  the  actual  fusion  of  the  particles  of  the  soil  or  rock  surrounding 
tne  pathway  of  the  electric  spark.  They  have  been  most  frequently 
found  in  loose  sand.  Abich  has  observed  examples  of  such  tubular 
perforations  with  vitreous  walls  in  the  porous  reddish-white  trachyte 
at  the  summit  of  Little  Ararat.  A  piece  of  the  rock  about  a  n)ot 
long  may  be  obtained  perforated  all  over  with  irregular  tubes 
having  an  average  diameter  of  3  centimetres.  Each  of  these  is 
lined  with  a  blackish  green  glass,  due  to  the  fusion  of  the  rock 
by  the  passage  of  the  electric  spark  through  it.  As  the  whole 
summit  of  the  mountain,  owin^  to  its  frequent  storms,  is  drilled  in 
this  manner,  it  is  evident  that  the  action  of  lightning  may  consider- 
ably modify  the  structure  of  the  superficial  portions  of  any  mass 
of  rock  exposed  on  lofty  eminences  to  frequent  thunderstorms. 
Humboldt  collected  fulgurites  from  a  trachyte  peak  in  Mexico,  and  in 
two  of  his  specimens  the  fused  mass  of  the  walls  has  actually  over- 
flowed from  the  tubes  on  the  surrounding  surface.^ 

Effects  of  changes  of  temperature. — Of  far  wider 
geological  importance  are  the  effects  tnat  arise  among  rocks  and 
soils  from  the  alternate  expansion  and  contraction  caused  by  daily 
or  seasonal  changes  of  temperature.  In  countries  with  a  great 
annual  range  of  temperature  considerable  difficultv  is  sometimes 
experienced  in  selecting  building  materials  liable  to  be  little 
afi^ted  by  rapid  or  extreme  variations  in  temperature,  which  induce 
an  alternate  expansion  and  contraction  that  prevents  the  joints  of 
masonry  from  remaining  close  and  tight.^  if  the  daily  thermo- 
metric  variations  are  large,  the  effects  are  frequently  staking.  In 
Western  America,  where  the  climate  is  remarkably  dry  and  clear, 
the  thermometer  often  gives  a  range  of  more  than  80°  in  the  twenty- 
four  hours.  Thus  in  the  Yellowstone  district,  at  a  height  of  9000 
feet  above  the  sea,  the  author  found  the  teinperature  of  rocks  ex- 
posed to  the  stm  at  noon  to  be  more  than  90°  Fahr.,  and  the  thermo- 
meter at  night  to  sink  below  20°.  In  the  Sahara  and  other  African 
r^ons,  as  well  as  in  Central  Asia,  the  daily  range  is  even  greater. 
TbiB  rapid  nocturnal  contraction  produces  a  strain  so  great  as  to 
disinte^te  rocks  into  sand,  or  cause  them  to  crack  or  peel  off  in 
skins  or  irregular  pieces.  Dr.  Livingstone  found  in  Afnca  (12°  S. 
lat,  34°  E.  long.)  that  surfaces  of  rock  which  during  the  day  were 

*  G.  Rose,  Z.  DeuUch.  Geol  Oetch,  xxy.  p.  112. 

*  In  tho  United  States,  with  an  annual  tnermometrio  range  of  more  than  90^  Fahr., 
this  dlfficnlty  led  to  Bome  experiments  on  the  amount  of  expansion  and  oontraction  in 
diflSwMit  kinds  of  bmlding  stones,  caused  by  variations  of  temperature.  It  was  found 
that  in  fine-grained  granite  the  rate  of  expansion  was  '000004S25  for  eTery  d^;roe  Fahr. 
of  ioovement  of  heat;  in  white  crystalline  marble  it  was  '000005668;  and  in  red  sand- 
ttoDo  "000009532,  or  about  twice  as  much  as  in  granite.  Totten  in  Silliman  Amer,  Joum* 
xxil  p.  136.    See  anU,  p.  284. 
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heated  up  to  IS?""  Fahr.,  cooled  so  rapidly  by  radiation  at  night  that, 
nnable  to  sustain  the  strain  of  contraction,  they  split  and  threw  off 
shcurp  angular  fragments  from  a  few  ounces  to  100  or  200  lb. 
in  weight.^  In  the  plateau  region  of  North  America,  though  the 
climate  is  too  dry  to  afford  much  scope  for  the  operation  of  frost, 
this  daily  vicissitude  of  temperature  produces  results  that  quite 
rival  those  usually  associated  with  the  work  of  frost.  Cliffs  are 
slowly  disintegrated,  the  surface  of  arid  plains  is  loosened,  and  the 
fine  debris  is  blown  away  by  the  wind. 

Effects  of  wind.-^The  geological  work  directly  due  to  the 
air  itself  is  mainly  performed  by  wind.  A  dried  surfaice  of  rock  or 
soil,  when  exposed  to  wind,  has  the  finer  disintegrated  particles  blown 
away  as  dust  or  sand,  lliis  process,  which  tekes  phce  familiarly 
before  our  eyes  on  every  street  and  roadway,  may  be  instructiTely 
observed  over  cultivated  ground,  as  well  as  on  tracts  with  which 
man  has  not  interfered.  It  is  most  marked  in  arid  climates.  Many 
old  fortifications  in  Northern  China,  for  example,  have  been  laid 
bare  to  the  very  foundations  by  the  removal  of  the  surrounding  soil 
through  long-continued  action  of  wind.^  In  the  dry  plateaux  of 
North  America,  too,  though  no  iiuman  memorials  serve  there  as 
measures,  extensive  denudation  from  the  same  cause  is  in  progress. 

Not  merely  does  the  wind  blow  away  what  has  already  been 
loosened  and  pulverized.  The  grains  of  dust  and  sand  are  them- 
selves employed  to  rub  down  tne  surfaces  over  which  they  are 
driven.  The  nature  and  potency  of  the  erosion  done  by  sand  grains 
in  rapid  motion  is  well  illustrated  by  the  artificial  sand-blast,  in 
which  a  spray  of  fine  siliceous  sand  driven  with  great  velocitjr  is 
made  to  etch  or  engrave  glass.  The  abrading  and  polishing  enecU 
of  wind-blown  sand  nave  long  been  noticed  on  Egyptian  monuments 
exposed  to  sand-drift  from  the  Libyan  desert  Smiilar  effects  have 
been  observed  on  dry  volcanic  plains  of  barren  sand  and  ashes,  as  on 
the  island  of  Volcano.^  On  the  sandy  plains  of  Wyoming,  Utah,  and 
the  adjacent  Territories,  surfaces  even  of  such  hard  materials  as 
calcedony  are  etched  into  furrows  and  wrinkles,  acquiring  at  the 
same  time  a  peculiar  and  characteristic  polish.  There,  ako,  large 
blocks  of  sandstone  or  limestone  which  have  fallen  from  an  adjacent 
cliff  are  attacked,  chiefly  at  their  base,  by  the  stratum  of  drifting 
sand,  until  by  degrees  they  seem  to  stmd  on  narrow  pedestals. 
As  tiiese  supports  are  reduced  in  diameter  the  blocks  eventually 
tumble  over,  and  a  new  basal  erosion  leads  to  a  renewal  of  the  same 
stages  of  waste.^  Hollows  on  rock  surfaces  may  also  be  noticed 
where  grains  of  sand,  or  small  pebbles  kept  in  gyration  by  the  wind, 
graduaUy  erode  the  cavities  in  which  they  lie. 

As  the  result  of  the  protracted  action  of  wind  upon  an  area 

'  Livingstone's  Zambe$iy  pp.  492,  516. 
'  Biohthofen's  China,  Berlin,  1877,  i.  p.  d7. 
»  Kayser,  Z,  Deutich.  Ged.  Ge$,  xxvii^.  966. 

*  Boe  Gilbert  in  Wheeler's  Bewyrt  of  U.8,  Oeograph,  Surv,  W.  of  IdOth  Meriditm,  vl 
p.  82.    Blake,  Union  Faeifie  Baitroad  Report^  T.  pp.  92,  280. 
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exposed  at  onoe  to  great  drought  and  to  rapid  vioiseitudes  of  tern* 
peratnre,  a  continTiouB  loweriDg  of  the  general  level  takes  place. 
The  great  sandy  wastes  thus  produced  represent,  however,  only  a 
portion  of  the  msinte^ation.  Vast  quantities  of  the  finer  dust  are 
borne  away  hj  the  wind  into  other  regions,  where,  as  will  be  im- 
mediately pointed  out,  they  tend  to  raise  the  general  level. 
A^ain,  a  considerable  amount  of  fine  dust  and  sand,  blown  into  the 
neighbourii^  rivers,  is  carried  down  in  their  waters.  In  inland 
areas  of  drainage,  indeed,  like  that  of  Central  Asia,  this  transport 
does  not  finally  remove  the  riTer-bome  sediment  from  the  basin 
of  evaporation,  but  tends  to  fill  up  the  lakes.  Where,  however,  as 
in  North  America,  rivers  cross  from  the  desert  areas  to  the  sea, 
ihete  must  be  a  permanent  removal  of  wind-swept  detritus  by 
these  streams.  In  the  arid  plateaux  drained  by  the  Colorado  and  its 
tributaries,  so  ereat  has  been  the  subaerial  denudation  that  a  thick- 
ness of  thousands  of  feet  of  horizontal  strata  has  been  removed  from 
the  surface  of  level  plains  thousands  of  square  miles  in  extent.  This 
denudation,  the  extent  of  which  is  attested  by  the  remaining  cliffs 
and  ^  buttee  "  or  outliers  of  the  strata,  appears  to  be  in  great  measure 
due  to  Hie  causes  here  discussed,  augmented  in  some  districts  by 
the  effects  of  occasional  heavy  storms  of  rain. 

One  further  effect  produced  by  air  in  violent  motion  may  be 
seen  where,  in  forest<$overed  tracts  of  temperate  latitudes,  trees  are 
occasionally  prostrated  over  considerable  spaces.  The  surface 
drainage  l>einfi;  thus  obstructed  by  the  fallen  stems,  marsh  plants 
spring  up,  and  eventually  the  site  of  the  forest  is  occupied  by  a 
peat-moss.    (Section  iii..  Life.) 

2.  Beprodnotive  action. — Q-rowth  of  Dust.  The  fine  dust 
and  sand  resulting  from  the  general  superficial  disinte^tion  of 
rocks  would,  if  left  undisturbed,  accumulate  in  situ  as  a  layer  that 
would  8er?e  to  protect  the  still  undecayed  portions  underneath. 
Such  a  layer,  indeed,  partidly  remains,  but  being  b'able  to  continual 
attack  and  removal,  ma^  be  taken  to  represent,  where  it  occurs, 
the  excess  of  disintegration  over  removal.  In  the  vast  majority  of 
eases,  however,  the  superficial  coating  of  loose  material  is  not  due 
merely  to  the  direct  action  of  the  air,  but  in  far  greater  decree  to  the 
work  of  rain  aided  by  the  co-operation  of  plants  and  animals.  To 
the  layer  tiius  variously  produced,  the  name  of  Soil  is  given.  Its 
formation  is  described  at  p.  339. 

That  wind  pla^  an  effective  part  in  the  re-distribution  of 
superficial  detritus  is  demonstrated  oy  every  cloud  of  dust  blown 
from  desiccated  ground.  We  only  need  to  take  into  account  the 
multiplying  power  of  time,  to  realize  how  extensively  the  soil  of  a 
district  may  be  replenished  and  heightened  by  the  dust  thus  strewn 
OTer  it  century  after  century.  Dust  and  sand  intercepted  by  tho 
leaves  of  plants  gradually  descend  to  the  soil  below  or  are  washed 
down  by  rain,  so  that  even  a  permanently  grassy  surface  may  bo 
slowly  and  imperceptibly  heightened  in  this  way. 
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On  the  sites  of  ancient  monnments  and  cities  this  reprodncti?6 
action  of  the  atmosphere  can  be  most  impressively  seen  and  most 
easily  measured.  In  Europe  on  sites  still  inhabited  by  an  abundant 
population,  the  deep  accumulations  beneath  which  ancient  miiiB 
often  lie,  are  doubtless  mainly  to  be  assigned  to  the  successive 
destructions  and  rebuildings  of  generation  after  generation  of 
occupants.  But  at  Nineveh,  Babylon,  and  many  other  eastern  sites, 
mounds  which  have  been  practically  imtouched  by  man  for  many 
centuries  consist  of  fine  dust  and  sand  gradually  drifted  by  the  wind 
round  and  over  abandoned  cities,  and  protected  and  augmented  by 
the  growth  of  vegetation.^  In  these  arid  lands  the  air  is  often  laden 
with  fine  detritus,  which  drifts  like  snow  round  conspicuous  objects 
and  tends  to  bury  them  up  in  a  diistnirift.  In  Central  Asia,  eren 
when  there  is  no  wind,  the  air  is  often  thick  with  fine  dust^  and  a 
yellow  sediment  settles  from  it  over  everything.  In  Ehotan  an  ex- 
ceedingly fine  dust  sometimes  so  obscures  the  sun,  that  even  at 
midday  one  cannot  read  large  print  without  a  lamp.  This  dost 
deposited  on  the  soil  heightens  and  fertilizes  it,  and  is  regaided  by 
the  inhabitants  as  a  kind  of  manure,  without  which  the  ground  would 
be  barren.^ 

Loess. — ^In  the  course  of  long  a^es,  the  constant  deposit  of  dost 
has  in  these  Asiatic  countries  formed  a  massive  accumubtion  which 
sweeps  over  the  plateaux  and  rises  to  6000  feet  or  more  above  the 
sea,  and  for  wide  spaces  concoals  all  older  formations.  Bichthofen 
describes  it  in  China  under  the  name  of  Loess,  as  a  wholly  unstratified 
formation  of  a  yellowish  calcareous  clav,  amounting  sometimes  to 
1500  or  possibly  over  2000  feet  in  thicKness,  having  a  tendency  to 
split  by  vertical  Joints,  and  to  form,  along  valleys  and  ravines,  ranges 
of  precipitous  cliffs  sometimes  500  feet  nigh.  It  is  firm  enough  to 
be  excavated  into  tiers  of  chambers  and  passages  by  a  teeming 
population.  It  contains  abundant  remains  of  land-shells,  bones  of 
land  animals,  and  relics  of  a  terrestrial  vegetation.^  Bichthofen 
distinguishes  between  the  land^oesa  here  described  and  lakeioesB, 
where  water  has  oo-operated. 

For  atmospheric  accumulations  of  this  nature  Trautschold  has  pro- 
posed the  name  dtmum.  They  originate  in  sitUt  or  at  least  only  by 
vnnd-drift,  whereas  aUuvium  requires  the  operation  of  water,  and 
consists  of  materials  brought  from  a  greater  or  less  distance.^  For 
wind-formed  deposits  the  term  ''seolian"  is  sometimes  used. 

Sand-hills  or  Dunes. — ^Winds  blowing  continuously  upon  sand 
drive  it  onward,  and  pile  it  into  irregular  heaps  and  ndges,  called 

'  The  mbbish  which  in  the  course  of  maDy  oentnries  has  aconmnlated  aboTS  tbe 
fonndations  of  the  Assyrian  boiJdingi  at  Konynnjik  was  found  by  Layaid  to  be  in  some 

E laces  twenty  feet  deep.    It  consisted  partly  of  ruins,  but  mostly  of  fine  sand  and  dust 
lown  from  off  the  plains  and  mixed  wilh  decayed  yegetable  matter.    Layard,  NhetA 
and  U$  Remain$,  8rd  edit.  ii.  p.  120.    See  also  Richthofen's  China,  i.  p.  97. 

*  Johnson's"  JourneytoHohi,thecapitalof Khotan,''/ottrii.(7eo<;.i8d0.xxxYiil8G7,pl. 

*  Bichthofen's  China,  i.  cap.  ii.    T.  W.  KinramiU  (Q.  J.  Oeol.  8oe,  xxrii.  p.  376) 
*<1?ances  the  nntenable  theory  that  this  loess  is  of  marine  origin. 

«  7.  Deutsch,  Oeol.  Oe$,  xxxi.  p.  578. 
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**  dunes."  This  takes  ^laee  more  especially  on  windward  coasts  either 
of  the  sea  or  of  large  inland  lakes,  where  sandy  shores  are  exposed 
to  the  drying  influence  of  solar  heat  and  wind ;  but  similar  effects 
may  be  seen  even  in  the  heart  of  a  continent,  as  in  the  sandy  deserts 
of  die  Sahara,  Arabia,  and  in  the  arid  hinds  of  Utah,  Arizona,  &c. 
The  dunes  travel  in  parallel,  irregular,  and  often  confluent  ridges, 
their  general  direction  being  transverse  to  the  prevalent  course  of 
the  wind.  Local  wind-eddies  cause  many  irregularities  of  form.  In 
humid  climates  rain-water  or  the  drainage  of  small  brooks  is  some- 
times arrested  between  the  ridges  to  form  pools  (Stangs  of  the  French 
coasts),  where  formations  of  peat  occasionally  take  place.  On  the  coast 
of  Gascony  the  sea  for  100  miles  is  so  barred  by  sand-dunes,  that  in 
all  that  distance  only  two  outlets  exist  for  the  discharge  of  the  drainage 
of  the  interior.  As  fast  as  one  ridge  is  driven  away  from  a  beach 
another  forms  in  its  place,  so  that  a  series  of  huge  sandy  billows,  as 
it  were,  is  continually  on  the  move  from  the  sea  margin  towards  the 
interior.  A  stream  or  river  may  temporarily  arrest  their  progress, 
but  eventually  they  push  the  obstacle  aside  or  in  front  of  them.  In 
this  way  the  river  Adour,  on  the  west  coast  of  France,  has  had  its 
mouth  shifted  two  or  three  miles.  Occasionally,  as  at  the  mouths  of 
estuaries,  the  sand  is  blown  across  so  as  gradually  to  exclude  the  sea, 
and  thus  to  aid  the  fluriatile  deposits  in  adding  to  the  breadth  of  the 
land.    In  Fig.  82  a  stream  (e  e)  is  represented  as  crossing  a  plain  (a) 


Fio.  82.— 8AXD-DUNI8  AFFEcrriNQ  Land-dbaikaoe  (P.). 

at  the  margin  of  the  sea  or  of  a  large  inland  sheet  of  water,  bounded 
by  a  ran^e  of  sand-dunes  (b  h)  extending  between  the  two  lines  of 
cUfi  (e^.  The  stream  has  been  turned  to  its  right  bank  by  the 
adTance  of  the  dunes  driren  by  a  prevalent  wind  blowing  in  the 
direction  of  the  arrows.  A  brook  (/)  has  been  arrested  among  the 
Bandy  wastes,  whence,  after  forming  a  few  pools,  it  finds  egress  by 
aoakmg  through  the  sandy  barrier. 

Perfect  "  ripple-marks  "  may  often  be  observed  on  blown  sand. 
The  sand  grains,  pushed  along  oy  the  wind,  travel  up  the  long  slopes 
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and  fall  oyer  the  steep  dopea.    Not  only  do  the  particles  travel,  but 
the  ridges  also  more  slowly  follow  each  other,  as  in  Fig.  83. 

The  western  sea-bcMird  of  Europe,  exposed  to  prevalent  westerly 
and  sonth-westerly  winds,  affords  many  instructive  examples  of  these 
eeolian  or  wind-formed  deposits.  The  coast  of  Norfolk  is  fringed 
with  sand-hills  &ttj  to  sixty  feet  high.  On  parts  of  the  coast  of 
Cornwall,^  the  sand  consists  mainly  of  fragments  of  shells  and 
oonJlines,  and  through  the  action  of   rain   becomes    sometimes 


'^^^y:j^S{':T:::'<:lf^!^^^^ 


Fia.  83.-— Diagram  of  Ripples  in  blown  Sand.    The  bidges  6\  &*,  h\  impelled  n; 
THE  DnuBonoN  W  W,  smxmaeaYMLY  oqmb  to  ooouft  the  Hollows  a\  aS  a*  {B.), 

cemented  by  carbonate  of  lime  (or  oxide  of  iron)  into  a  stone  so 
compact  as  to  be  fit  for  building  purposes.  Long  tracts  of  blown  sand  are 
likewise  found  on  the  Scottish  and  Irish  ^  coast-lines.  Sand-dunes 
extend  for  many  leagues  alon^  the  French  coast,  and  thence,  by 
Flanders  and  Holland,  round  to  the  shores  of  Courland  and 
Pomerania.  On  the  coast  of  Holland  they  are  sometimes,  thoogh 
rarely,  260  feet  high, — ^a  common  average  height  being  50  to  60 
feet.^ 

The  breadth  of  this  maritime  belt  of  sand  varies  considerably.  On 
the  east  coast  of  Scotland  it  ranges  from  a  few  yards  to  three  miles ; 
on  the  opposite  side  of  the  North  Sea  it  attains  on  the  Dutch  coast 
sometimes  to  as  much  as  five  miles.  The  rate  of  progress  of  the 
dunes  towards  the  interior  depends  upon  the  wind,  the  direction  of 
the  coast,  and  the  nature  of  the  ground  over  which  they  hare  to 
move.  On  the  low  and  exposed  shores  of  the  Bay  of  Biscay,  when 
not  fixed  by  vegetation,  they  travel  inland  at  a  rate  of  about  16i 
feet  per  annum,  in  Denmark  at  from  3  to  24  feet.  In  the  course  of 
their  march  they  envelop  houses  and  fields;  even  whole  parishes 
and  districts  once  populous  have  been  overwhelmed  by  them.* 

Along  the  margins  of  large  lakes  and  inland  seas  many  of  the 
phenomena  of  an  exposed  sea-coast  are  repeated  on  a  scarcely  inferior 
scale.  Among  these  must  be  included  sand-dunes,  such  as  those 
which,  reaching  heights  of  100  to  200  feet  on  the  south-eastern 
shores  of  Lake  Michigan,  have  entombed  forests,  the  tops  of  the 
trees  being  still  visible  above  the  drifting  sand.  Large  dunes  occur 
also  on  the  eastern  borders  of  the  Caspian  Sea,  where  the  sand 

'  Uasher,  Qed,  Mag,  (2),  vi.  p.  807,  and  authoritiefl  there  cited. 
'  See  Einaban,  Geol.  Mag.  viii.  p.  155. 

*  On  the  growth  of  Holland  through  the  operation  of  the  wind  and  the  sea,  lee 
£lie  de  Beaumont,  **  Le9on8  do  G^logie  pratique,"  i. 

*  This  destruction  has  been,  during  the  last  quarter  of  a  century,  averted  to  a  gn»t 
extent  by  the  planting  of  pine  forests,  the  turpentine  of  which  has  become  the  source  of 
a  lai^  revalue. 
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spreads  over  the  desert  region  between  that  sea  and  th^  Sea  of 
Aral,  into  which  latter  sheet  of  water  the  spread  of  the  sand  has 
driven  the  coarse  of  the  Oxns,  once  a  tributary  of  the  Caspian. 

In  the  interior  of  continents  the  existence  of  vast  arid  wastes  of 
loose  sandy  situated  far  inland  and  remote  from  any  sheet  of  fresh 
water,  suggests  curious  problems  in  physical  geography.  In  some 
instance  these  tracts  have  been  at  a  comparati?dy  recent  geoloe^ical 
period  covered  by  the  sea.  The  desert  of  Ihe  Sahara  is  no  doabt 
m  great  part  a  modem  sea  bottom  which  has  been  upraised  and 
dri^,  for  shells  of  the  conunon  cockle  {Oardium  eAuJd)  are  found 
lying  on  the  surface  up  to  heights  of  900  feet  above  the  level 
of  £e  Mediterranean.  Yet  the  disintegration  of  rock  in  these 
torrid  and  rainless  regions  must  be  ^reat  {anie^  p.  319),  so  that 
the  existing  sand  may  be  partly  of  subaerial  origin.  In  other 
dry  climates  it  is  quite  certain  that  the  sand-wastes  are  entirely 
of  this  latter  character.  The  sandy  deserts  of  the  high  plateaux 
of  western  North  America,  which  have  never  been  under  the 
sea  for  a  lon^  series  of  geological  ages,  show,  as  we  have  already 
fonnd  ^p.  32^,  the  mode  and  progress  of  their  formation  fix)m 
atmospheric  disintegration  alone.  £  Asia  ilie  the  vast  deserts  of 
Gobi ;  ^  to  the  east  of  the  Bed  Sea  stretch  the  ffreat  sand-wastes  of 
Arabia ;  and  to  the  west  those  of  Libya.  Jm  the  south-east  of 
Europe,  over  the  steppes  of  Southern  Bussia  and  the  adjacent 
territories,  wide  areas  of  sandy  desert  occur.  Captain  Sturt  found 
vast  deserts  of  sand  in  the  intmor  of  Australia,  with  long  bands  of 
dunes  200  feet  high,  united  at  the  base  and  stretching  in  straight 
lines  as  far  as  the  eye  could  reach.^ 

Dust-showers,  Blood-rain. — Besides  the  universal  trans* 
port  and  deposit  of  dust  and  sand  already  described,  a  phenomenon 
of  a  more  aggravated  nature  is  observed  in  tropical  countries,  where 
great  droughts  are  succeeded  bv  violent  hurricanes.  The  dust  or 
sand  of  deserts  and  of  dried  lakes  or  river-beds  is  then  sometimes 
borne  away  into  the  upper  re^ons  of  the  atmosphere,  where,  meeting 
with  strong  aerial  currents  which  transport  it  for  hundreds  and  even 
thousands  of  miles,  it  descends  again  to  the  sur&ce,  in  the  form  of 
" red-fog,"  "sea-dust,"  or  " sirocco-dust"  This  transported  material, 
usually  of  a  brick-dust  or  cinnamon  colour,  is  occasionally  so  abundant 
as  to  darken  the  air  and  obscure  the  sun,  and  to  cover  the  decks,  sails, 
and  rigging  of  vessels  which  may  even  be  hundreds  oi  miles  from 

*  For  important  infonnation  regarding  the  Central  Asiatio  wastee,  see  Biohtbofen'8 
•Ouna,"!. 

'  For  accounts  of  sand-dnnes,  their  extent,  progren,  stmctnTe,  and  the  means 
employed  to  arrest  their  progress,  the  student  may  oonscdt  Anderaen's  **  Klitformationen/* 
I  ToL  8to.  Copenhagen,  1861 ;  Layal  in  Annalea  de$  PonU  et  Chau$iie$^  1847,  2me  sem.  ; 
Msnh's  **Man  and  Nature,"  1864,  and  the  works  cited  hy  him.  Forohhammer,  Edin. 
New  PhiL  Jowm.  xzxi  ^1841),  p.  61.  £lie  de  Beaumont,  **  Lemons  de  G^ogie  pratique," 
fol.  I  p.  1^.  Information  regarding  the  sands  of  the  interior  of  continents  will  ho 
found  m  Paloave's  **  Trarels  in  Arabia."  Blake  in  Union  Pacifie  BaUroad  Report,  v. 
Tristram,  '*  The  Groat  Sahara,"  1860.  Desor,  *'  Le  Sahara,  ses  di£D^nts  types  do 
doerts."  BuH  Soe.  Sci.  Nat.  Neu/chdUl,  1864.    Biohihofen's  **  China,"  L 
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land.  Bain  falling  through  such  a  dust-cloud  mixes  with  it^  and 
descends  either  on  sea  or  mnd  as  what  is  popularly  called  ^  blood- 
raia"  This  is  frequent  on  the  north-west  of  Africa,  about  the  C^pe 
Yerd  Islands,  in  the  Mediterranean,  and  over  the  bordering  countries. 
A  microscopic  examination  of  this  dust  by  Ehrenbergled  nim  to  the 
belief  that  it  contains  numerous  diatoms  of  South  American  species ; 
and  he  inferred  that  a  dust-cloud  must  be  swimming  in  the 
atmosphere,  carried  forward  by  continuous  currents  of  air  in  the 
region  of  the  trade-winds  and  anti-trades,  but  suffering  partial  and 
periodical  deviations.  But  much  of  the  dust  seems  to  come  from  the 
sandy  plains  and  desiccated  pools  of  the  north  of  Africa.  Daubr6e 
recogmzed  in  1865  some  of  tne  Sahara  sand  which  fell  in  the  Canair 
Islands.  On  the  coast  of  Italy  a  film  of  sandy  clay,  identical  with 
that  from  parts  of  the  Libyan  desert,  is  occasionally  found  on  windows 
after  rain.  In  the  middle  of  last  century  an  area  of  Northern  Italy, 
estimated  at  about  200  square  leagues,  was  covered  with  a  layer  of 
dust  which  in  some  places  reached  a  depth  of  one  inch.  In  1846 
the  Sahara  dust  reached  as  far  as  Lyons.  Should  the  travellinf^ 
dust  encounter  a  cooler  temperature,  it  may  be  brought  to  the  ground 
by  snow,  as  has  happened  m  the  north  of  Italy,  and  more  notably 
in  the  east  and  south-east  of  Bussia,  where  tne  snows  are  some- 
times rendered  dirty  by  the  dust  raised  by  winds  on  the  Caspian 
steppes.  It  is  easy  to  see  that  a  prolonged  continuance  of  this 
action  must  give  rise  to  widespread  deposits  of  dust,  mingled  with 
the  soil  of  the  land,  and  with  the  silt  and  sand  of  lakes,  riyers,  and 
the  sea;  and  that  the  minuter  organisms  of  tropical  regions  may 
thus  come  to  be  preserved  in  the  same  formations  with  the  terrestrial 
or  marine  organisms  of  temperate  latitudes.^ 

The  transport  of  volcanic  dust  by  wind,  already  (p.  219)  referred 
to,  may  be  again  cited  here  as  another  example  of  the  geological  work 
of  the  atmosphere.  Thus  from  the  Icelandic  eruptions  of  1874-75  vast 
showers  of  fine  ashes  not  only  fell  on  Iceland  to  a  depth  of  dx  inches, 
destroying  the  pastures,  but  were  borne  over  the  sea  and  across 
Scandinavia  to  tne  east  coast  of  Sweden.  Considerable  deposits  of 
volcanic  material  may  thus  in  the  course  of  time  be  formed  even  fistr 
remote  from  any  active  volcana  ^ 

Transportation  of  Seeds. — ^Besides  the  transport  of  dust 
and  minute  organisms  for  distances  of  many  thousands  of  miles,  wind 
may  also  transport  living  seeds,  which,  finally  reaching  a  congenial 
climate  and  sou,  may  tM^e  root  and  spread.  We  are  yet>  howeyer, 
very  ignorant  as  to  the  extent  to  which  this  cause  has  actually  operated 
in  the  establishment  of  any  given  local  flora.  With  regard  to  the 
minute  forms  of  vegetable  life,  indeed,  there  can  be  no  doubt  as  to 
the  efficacy  of  the  wind  to  transport  them  across  vast  distances  on 

>  See  Humboldt  on  dust  whirlwinds  of  Orinoco,  *^  Aspeots  of  Kstnre;"  also  Manrj, 
*•  Phys.  Geog.  of  Sea,"  diap.  vi. ;  Ehrenberg's  "  Passat-Staub  und  Blut-Bogenr  BetUn 
Ahad.  1847.  A  paper  by  A.  von  Lasaulx  on  so-called  cosmic  dust  has  just  appeared  in 
Tsohermak's  Mineral,  Miaheil  1880,  p.  517. 

*  Nordenskiold,  OeoL  Mag.  (2),  iii.  p.  292. 
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tiie  snrface  of  the  ^lobe.  Upwards  of  300  species  of  diatoms  haye 
been  found  in  tiie  deposits  left  by  dnstHshowers.  Among  tiie 
millions  of  organisms  thus  transported  it  is  hardly  conceivable  that 
some  shoold  not  fall  into  a  fitting  locality  for  their  continued 
existence  and  the  perpetuation  of  their  species.  Animal  forms  of 
life  are  likewise  difiused  through  the  agency  of  winds.  Insects 
and  birds  are  often  met  with  at  sea  many  miles  distant  from  the  land 
from  which  they  have  been  blown.  Such  organisms  are  in  this  way 
introduced  into  oceanic  islands,  as  is  well  shown  in  the  case  of 
Bermuda.  Hurricanes,  by  which  large  quantities  of  water  are  sucked 
up  from  lakes  and  rivers  over  which  they  pass,  may  also  transport 
part  of  the  fauna  of  these  waters  to  other  localities. 

Efflorescence  products. — ^Among  the  formations  due  in 
large  measure  to  atmospheric  action  must  be  included  the  saline 
efflorescences  which  form  upon  the  ground  in  the  dry  interior  basins 
of  continents.  The  steppes  of  Southern  Bussia,  and  the  plains  round 
the  Great  Salt  Lake  of  Utah,  may  be  taken  as  illustrative  examples. 
Water  rising  by  capillary  attraction  through  the  soil  to  the  surfEtoe 
is  there  evaporated,  leaving  behind  a  white  crust,  by  which  the  u^per 
portion  of  the  soil  is  covered  and  permeated.  The  incrustations 
consist  of  sodium  •chloride,  sodium  and  calcium  carbonates,  calcium, 
sodium,  and  potassium  sulphates  in  various  proportions,  these  being 
the  salts  p-esent  also  in  the  salt  lakes  of  the  same  regions  (p.  398).  ^ 

§  2.  Influence  of  the  Air  on  Water. 

The  results  of  the  action  of  the  air  upon  water  will  be  more  fitly 
noticed  in  the  section  devoted  to  Water.  It  will  be  enough  to  notice 
here — 

1.  Ocean  currents. — These  are  mainly  dependent  for  their 

existence  and  direction  on  the  circulation  of  the  atmosphere.    The 

in-streaming  of  air  from  cooler  latitudes  towards  the  equator  causes 

a  drift  of  the  sea-water  in  the  same  direction.    As,  owing  to  the 

rotation  of  the  earth,  these  aerial  currents  tend  to  take  a  more 

and  more  westerly  trend  in  approaching  the  equator,  they  com- 

mmiicate  this  trend  to  the  marme  currents,  which,  likewise  moving 

into  regions  with  a  greater  velocity  of  rotation  than  their  own,  are 

all  the  more  impelfed  in  the  same  westerly  direction.    Hence  the 

dominant  equatorial  current,  which  flows  westward  across  the  great 

ocean.    Owing,  however,  to  the  position  of  the  continents  across  its 

Padi,  this  great  current  cannot  move  uninterruptedly  round  the  earth. 

His  spUt  into  branches  which  turn  to  right  and  left,  and,  bathing  the 

diores  of  the  land,  carry  some  of  the  warmth  of  the  tropics  into  more 

^^naperate  latitudes.    Betum  currents  are  thus  generated  from  cooler 

latitudes  towards  the  equator.     (Section  ii.  §  6.) 

2.  Waves. — The  impulse  of  the  wind  upon  a  surface  of  water 
ftrows  that  surface  into  pulsations  which  range  in  size  from  mere 

^  *  Oneffloreeoeoce  of  Great  Salt  Lake  region,  see  ExplonUion  of  iOth  ParaUeU  i.  fleet,  y. 
^^^whiUo  E.  Tietze,  "Entstehung  der  Salzsteppen/'  Jdhrb.  Gtok  BeichMnst  1877. 
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ripples  to  huge  billows.  Long-coDtinued  gales  firom  the  seaward 
upon  an  exposed  coast  indirecujr  effect  much  destraction,  by  the 
formidable  oattery  of  billows  which  they  bring  to  bear  npon  the 
land  Wave-action  is  likewise  seen  in  a  marked  manner  when  wmd 
blows  strongly  across  a  broad  inland  sheet  of  water,  audi  as  Lake 
Superior.    (Section  ii.  §  6.) 

3.  Alteration  of  the  Water-level. — When  the  wind  blows 
freshly  for  a  time  across  a  limited  area  of  water,  it  drives  the  water 
before  it,  which  is  thus  kept  temporarilv  at  a  higher  level,  at  the 
further  or  windward  side.  In  a  tidal  sea,  sucn  as  that  which 
surrounds  Great  Britain,  and  which  sends  abundant  long  arms  into 
the  land,  a  high  tide  and  a  gale  are  sometimes  synchronous.  This 
conjunction  causes  the  high  tide  to  rise  to  a  greater  height  than 
elsewhere  in  those  bays  or  firths  which  look  windward*  With  thii 
conjunction  of  wind  and  tide,  considerable  damage  to  property  has 
sometimes  been  done  by  the  flooding  of  warehouses  and  stores,  while 
even  a  sensible  destruction  of  clins  and  sweeping  away  of  loose 
materials  may  be  chronicled  by  the  geologist.  On  we  other  hand,  a 
wind  from  the  opposite  quarter  coincident  with  an  ebb  tide  will 
drive  the  water  out  of  the  inlet,  and  thus  make  the  water-level 
lower  than  it  should  otherwise  be.  But  even  in  inland  seas  where  tides 
are  small  or  imperceptible,  considerable  oscillations  of  wate^level 
may  arise  from  niis  action  of  the  wind.  At  Naples  for  example  a 
long-continued  south-west  wind  raises  the  level  of  the  water  sefenJ 
inches.  In  long  fresh-water  lakes  also  similar  results  attend  pro- 
longed gales  along  the  length  of  the  lakes. 

Section  ii. — ^Water. 

Of  all  the  terrestrial  i^ents  by  which  the  surface  of  the  earth  is 
geologically  modified,  by  mr  the  most  important  is  water.  We  hare 
alreadv  seen,  when  following  hypogene  changes,  how  large  a  share  if 
taken  oy  water  in  the  phenomena  of  volcanoes  and  in  other  saUe^ 
ranean  processes.  Betuming  to  the  surface  of  the  earth  and  watch- 
ing the  operations  of  the  atmosphere,  we  soon  learn  how  imnortant  a 
part  of  these  is  sustained  by  the  aqueous  vapour  by  which  tne  atmo- 
sphere is  pervaded. 

The  substance  which  we  term  water  exists  on  the  earth  in  three 
well-known  forms — (1)  gaseous,  as  invisible  vapour ;  (2)  liquid,  as 
water ;  and  (3)  solid,  as  ice.  The  gaseous  form  has  already  bees 
noticed  as  one  of  the  characteristic  ingredients  of  the  atmosphere 
(p.  31).  Apart  from  the  heated  reservoirs  at  the  roots  of  volcanoes, 
it  is  in  the  air  that  this  condition  of  the  water-substance  preyails. 
By  the  sun's  heat  vast  quantities  of  vapour  are  continually  raised 
from  the  surface  of  the  seas,  rivers,  lakes,  snow-fields,  and  gUcieif 
of  the  world.  This  vapour  remains  invisible  until  the  air  eontainii^ 
it  is  cooled  down  below  its  dew-point,  or  point  of  saturation,^a  result 
which  follows  upon  the  union  or  collision  of  two  aerial  currents 
of  different  temperatures,  or  the  rise  of  the  air  into  the  upper  coM 
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X'  us  of  the  atmosphere,  where  it  is  chilled  by  expansion,  by 
tion,  and  by  contact  with  cold  mountains.  According  to 
recent  researches,  condensation  appears  only  to  take  place  on  free 
sarfaces,  and  the  formation  of  cloud  and  mist  is  explained  by  con- 
densation upon  the  fine  microscopic  dust  of  which  the  atmoi^here  is 
foll.^  At  first  minute  particles  of  water  vapour  appear,  which 
either  remain  in  the  liquid  condition,  or,  if  the  temperature  is 
sufficiently  low,  are  at  once  frozen  into  ice.  As  these  changes 
take  place  over  considerable  ^aces  of  the  sky,  they  give  rise  to 
the  phenomena  of  clouds.  Further  condensation  augments  the 
size  of  the  cloud-particles,  and  at  last  they  fall  to  the  surface 
of  the  earth,  if  still  liquid,  as  rain ;  if  solid,  as  snow  or  hail ; 
and  if  partly  solid  and  partly  liquid,  as  sleet  As  the  va^ur  is 
largely  raised  from  the  ocean  surface,  so  in  great  measure  it  falls 
back  again  directly  into  the  ocean.  A  considerable  proportion, 
howeyer,  descends  upon  the  land,  and  it  is  this  part  of  the  condensed 
T^ur  which  we  have  now  to  follow.  Upon  tne  higher  elevations 
it  iiEdls  as  snow,  and  gathers  there  into  snow-fields,  which,  by  means 
of  glaciers,  send  their  drainage  towards  the  valleys  and  plains. 
Elsewhere  it  falls  chiefly  as  rain,  some  of  which  sinks  underground 
to  gosh  forth  again  in  springs,  while  the  rest  pours  down  the  slopes 
of  the  land,  feeing  brooks  and  torrents,  whicn,  swollen  further  oy 
springs,  gather  into  broader  and  yet  broader  rivers,  whereby  the 
accumulated  drainage  of  the  land  is  carried  out  to  sea.  Thence 
once  more  the  vapour  rises,  to  reanpear  in  clouds  and  rain  and  to  feed 
the  innumerable  water-channels  oy  which  the  land  is  furrowed  from 
mountain-top  to  sea-shore. 

In  this  vast  system  of  circulation,  ceaselessly  renewed,  there  is 
not  a  drop  of  water  that  is  not  busy  with  its  allotted  task  of 
changing  the  face  of  the  earth.  When  the  vapour  ascends  into  the 
air  it  is  comparatively  speaking  chemically  pure.  But  when,  after 
being  condenised  into  visible  form,  and  womng  its  way  over  or 
under  the  surface  of  the  land,  it  once  more  enters  the  sea,  it  is 
Jio  longer  pure,  but  more  or  less  loaded  with  material  taken  bv  it 
OQt  of  the  air,  rocks,  or  soils  through  which  it  has  travelled.  Day 
by  day  the  process  is  advancing.  So  far  as  we  can  teU,  it  has 
never  ceased  since  the  first  shower  of  rain  fell  upon  the  earth. 
We  may  well  believe,  therefore,  that  it  must  have  worked  marvels 
upon  the  surface  of  our  planet  in  past  time,  and  that  it  may  efiect 
Tast  transformations  in  the  future.  As  a  foundation  for  such  a 
belief  let  us  now  inquire  what  it  can  be  proved  to  be  doing  at  the 
present  time. 

§  1.  Rain. 

Ram  effects  two  kinds  of  changes  upon  the  surface  of  the  land. 

(L)  It  acts  chemically  upon  soils  and  stones,  and  sinUng  under 

ground  continues,  as  we  shall  find,  a  great  series  of  similar  reactions 

•^  *  Gonlior  and  Masoart, Natur/orscker  1875,  p.  400.     Aitkon,  Proc. Bou.  Boc.  Edin. 
Beoember  18S0. 
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there.    (2.)  It  acts  mechanically,  by  washing  away  loose  materiak, 
and  thus  powerfully  affecting  the  contours  of  the  land. 

1.  Chemioal  Aotion. — ^This  depends  mainly  upon  the  nature  and 

Sroportion  of  the  substances  abstracted  by  rain  m>m  the  air  in  its 
escent  to  the  earth.  Bain  absorbs  a  little  air,  which  always  con 
tains  carbonic  acid  as  well  as  other  ingredient^  in  addition  to  its 
nitrogen  and  oxygen  (p.  31).  Bain  thus  washes  the  air  and  takes 
impurities  out  of  it,  by  means  of  which  it  is  enabled  to  work  many 
chemical  changes  that  it  could  not  accomplish  were  it  to  reach  the 
ground  as  pure  water. 

Composition  of  Bain-water. — ^Numerous  analyses  of  rain- 
water  show  that  it  contains  in  solution  about  25  cubic  centimetres  of 
gases  per  litre.^  An  average  proportional  percentage  is  by  measure 
— nitrogen,  6447;  oxygen,  33-76;  carbomc  acid,  1*77.  Carbonic 
acid  being  more  soluble  than  the  other  gases  is  contained  in  ndo- 
water  in  proportions  between  30  and  40  times  greater  than  in 
the  atmosphere.  Oxygen  too  is  more  soluble  than  nitrogen.  This 
difference  acquires  a  considerable  importance  in  the  chemical 
operations  of  rain.  Other  substances  are  present  in  smaller  quan- 
tities. In  England  there  is  an  average  of  3*95  parts  of  solid  im- 
purity in  100,000  parts  of  raio.^  Nitric  acid  sometimes  occurs  in 
marked  proportions :  at  Bale  it  was  found  to  reach  a  maximum  of 
13*6  parts  in  a  million,  with  20*1  parts  of  nitrate  of  ammonia. 
Sulphuric  acid  likewise  occurs  especially  in  the  rain  of  towns  and 
manufacturing  districts.^  Sulphat^  of  the  alkalies  and  alkaline 
earths  have  been  detected  in  rain.  But  the  most  abundant  salt  is 
chloride  of  sodium,  which  appears  in  marked  proportions  on  coasts, 
as  well  as  in  the  rain  of  towns  and  industrial  districts.  Bain  taken 
at  the  Land's  End  in  Cornwall  during  a  strong  south-west  wind  was 
found  to  contain  2-180  of  chlorine,  or  3-591  parts  of  common  salt  iu 
every  10,000  of  rain.  The  mean  proportion  of  chlorine  over  England 
is  about  0-022  in  every  10,000  parts  of  rain ;  at  Ootacamund  0-003 
to  0-004.* 

In  washing  the  air  rain  carries  down  also  inorganic  particles  or 
motes  floating  there ;  likewise  organic  dust  and  living  germs.*  As 
the  result  of  this  process  the  soil  comes  to  be  not  merely  watered  but 

*  Bamnert,  Jnn.C9^«m.PAanii.lxxxTiii.p.  17.  The  proporlion  of  carbonic  add  found 
by  Peligot  was  2*4.  See  alao  Bonsen,  op.  eit.  xciii.  p.  20.  Both,  Chem.  QtoL  I  p.  4** 
Dr.  Angus  Smith's  Air  and  Bain,  1S72,  p.  225. 

'  Bivers  PoUution  Commission,  6th  Bep.  p.  29. 

'  The  oooorrence  of  snlphnric  and  nitric  acids  in  the  air,  especially  noUoesUe^ 
large  towns,  leads  to  considerable  corrosion  of  metallio  snrfiices,  as  well  as  of  iUmeB  sod 
lime.  The  mortar  of  walls  may  often  be  observed  to  be  slowly  swelling  out  and  diopg^^ 
off,  owing  to  the  conyersion  of  the  lime  into  sulphate.  Great  injury  is  likewise  done  nom 
a  similar  cause  to  marble  monuments  in  exposed  grayeyards.  See  Dr.  Angos  Smith,  op* 
cU.  p.  444.    Geikie,  Froc.  Boy,  8oc.  Edin.  187&-80,  p.  518. 

*  Dr.  Angus  Smith,  op.  cU.    Bivers  PoUtUion  Commission,  6th  Bep.  1874,  p.  425. 

I  *  Among  the  inorgamc  contents  of  rain  and  snow  fine  dust  and  spherules  of  im 
probably  in  part  of  cosmic  origin,  haye  been  specially  noted.  See  Jung,  BiiH  Soe, 
Vaudoise  8c%.  Nat  ziy.  p.  493,  authorities  cited  anU  p.  64 ;  Von  Lasaulx,  as  cited  on 
p.  826.  The  organic  matter  is  reyealed  by  the  putrid  smell  which  long-kept  nin-w»Mr 
giyes  out. 
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fertilized  by  the  rain.  Dr.  Angus  Smith  cites  the  experience  of  M. 
J.  J.  Pierre,  who  found  by  antaysis  that  in  the  neighbourhood  of 
(ken^  in  France,  a  hectare  of  land  receiyes  annually  from  the 
atmosphere  by  means  of  rain —  ^ 

Chloride  of  aodiom 37*5  kUogiammes. 

^         potaadain 8'2  „ 

„         magnffrinm 2*5  „ 

„         cftldiim 1*8  „ 

Sulphate  of  soda      .                 ....  8*4  ^ 

Pptaah 80  „ 

„         lime 6'2  „ 

„         magnesia 5*9  ^ 

Not  only  rain  but  also  dew  and  hoar-frost  abstract  impurities 
from  the  atmosphere.  The  analyses  performed  by  the  Bivers 
Pollution  Commission  show  that  dew  and  noar-frost  condensing  from 
the  bwer  and  more  impure  layers  of  the  air  are  even  more  con- 
taminated than  rain,  as  tney  contain  on  an  average  in  England  4*87 
parts  of  solid  impurity  in  100,000  parts,  with  *198  of  ammonia.^ 

It  is  manifest  that  rain  reaches  the  surface  by  no  means  chemi- 
cally pure  water,  but  having  absorbed  from  the  air  various  ingredients 
which  enable  it  to  accompUsh  a  suite  of  chemical  changes  upon  rocks 
and  soils.  So  far  as  we  know  at  present,  the  three  ingredients  which 
are  chiefly  effective  in  these  operations  are  oxygen,  carbonic  acid, 
and  organic  matter.  As  soon  as  it  touches  the  earth,  however,  rain 
begins  to  absorb  additional  impurities,  notably  increasing  its  propor- 
tion of  carbonic  acid  and  of  organic  matter,  which  it  obtains  from 
decomposing  animal  and  vegetable  matter.  Among  the  organic 
products  most  efiicaceous  in  promoting  the  corrosion  of  minerals  and 
rocks  are  the  so-called  ulmic  or  humous  substances  that  form 
soluble  compounds  with  alkalies  and  alkaline  earths,  which  are 
eventually  converted  into  carbonates.^  Hence  as  rain-water,  already 
armed  with  gases  absorbed  from  the  atmosphere,  proceeds  to  take 
up  tiiese  organic  acids  from  the  soil,  it  is  enaowed  with  considerable 
cnemical  activity  even  at  the  very  beginning  of  its  geological  career. 

Chemical  and  mineralogical  changes  due  to  rain- 
water.— ^In  previous  pages  it  was  pointed  out  that  all  rocks  and 
minerals  are  in  varying  degrees  porous  and  permeable  by  water,  that 
probably  no  known  substance  can  under  all  conditions  resist  solution 
in  water,  and  that  the  subseouent  solvent  power  of  water  is  greatly 
increased  by  the  solutions  wnich  it  effects  and  carries  with  it  in  its 
progress  through  rocks  (pp.  298,  302).  The  chemical  work  done  by 
rain  may  be  conveniently  considered  under  the  four  heads  of 
Oxidation,  Deoxidation,  Solution,  and  Hydration. 

L  Oxidation. — ^The  prominence  of  oxygen  in  rain-water,  and  its 

*  Aogns  Smith,  op.  ciL  p.  233.  '  Bivers  Pollution  Commission^  6th  Bep.  p.  32. 

'  8ei3i,  Z.  Deutsch.  Geol.  Gts,  xxiU.  p.  665,  zxyi  p.  954.  This  subject  has  recently 
be^  wen  treated  in  a  paper  by  A.  A.  Julien  **  On  the  geological  action  of  the  humus 
ftodf  **  (pfoe,  Amer.  Assoc.  xxyUL  1S79,  p.  811),  to  which  ftirther  reference  ia  made  in 
Uter  pages. 
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readiness  to  unite  with  any  substance  that  cau  contain  moro  of  it, 
render  oxidation  a  marked  feature  of  the  passage  of  rain  orer  rooks. 
A  thin  oxidized  pellicle  is  formed  on  the  surface,  and  this,  if  not  at 
once  washed  off,  is  thickened  from  inside  until  a  crust  is  formed  over 
the  stone.  This  process  is  simply  a  rasting  of  those  ingredients 
which,  like  metallic  iron,  have  no  oxygen,  or  have  not  their  full  com- 
plement of  it  The  ferrous  and  manganous  oxides  so  frequently  found 
as  constituents  of  minerals  are  specially  liable  to  this  change.  In 
hornblende  and  augite,  for  example,  one  cause  of  weathering  is  the 
absorption  of  oxygen  by  the  iron  and  the  hydration  of  the  r^ultant 
peroxide.  Hence  the  yellow  and  brown  sand  into  which  rocks 
abounding  in  these  minerals  are  apt  to  weather. 

2.  Deoxidation. — ^Rain  becomes  a  reducing  agent  by  absorbing 
from  the  atmosphere  and  soil  organic  matter  which,  haying  an 
affinity  for  oxygen,  decomposes  peroxides  and  reduces  them  to  prot- 
oxides. This  change  is  especially  noticeable  among  iron  oxides, 
as  in  the  familiar  white  spots  and  veinings  so  common  among  red 
sandstones.  These  rocks  are  stained  red  by  ferric  oxide  (hematite), 
which,  reduced  by  decaying  organic  matter  to  ferrous  oxide,  is  usuallj 
removed  in  solution  as  an  organic  salt  or  carbonate.  When  the  de- 
oxidation  takes  place  round  a  fragment  of  plant  or  animal,  it  usually 
extends  as  a  circular  spot;  where  water  containing  tbe  organic  matter 
permeates  along  a  jomt  or  other  divisional  plane,  the  decolorati<m 
follows  that  line.  Another  common  effect  of  the  presence  of  organic 
matter  is  the  reduction  of  sulphates  to  the  state  (^  sul{)hides.  Oypsom 
is  thus  decomposed  into  sulphide  of  calcium,  which  in  water  readily 
gives  calcium  carbonate  and  sulphuretted  hydrogen,  and  the  latter  by 
oxidation  leaves  a  deposit  of  sulphur.  Hence  from  original  beds  of 
gypsum,  layers  of  limestone  and  sulphur  have  been  formed,  as  in 
Sicily  and  elsewhere  (p.  64).^ 

3.  Solution. — A  few  minerals  (halite,  for  example)  are  readily 
soluble  in  water  without  chemical  change,  and  witnout  the  aid  of 
any  intermediate  element.  Li  the  great  majority  of  cases,  however, 
the  solution  is  effected  through  the  medium  of  carbom'c  add  or 
other  re-agent.  A  fjEuniliar  illustration  is  the  solution  and  removal 
of  lime  from  the  mortar  of  a  bridge  or  vanity  and  the  deposit 
of  the  material  so  removed  in  stalactites  and  stalagmites  (p.  112). 
Another  common  example  is  seen  in  the  rapid  effacement  of  marble 
epitaphs  in  our  churchyards.  It  has  lately  been  shown  that  in  the 
atmosphere  of  a  large  town  with  abundant  coal-smoke  and  rain,  in- 
scriptions on  marble  become  illegible  in  half  a  century.  PEaff  recently 
determined  that  a  slab  of  Solenhofen  limestone  2520  square  milli- 
metres in  superficies  lost  in  two  years  by  the  solvent  action  of  rain 
0*180  gramme  in  weight,  in  three  years  0*548,  the  original  polisli 
being  replaced  by  a  dull  earthy  surface  on  which  fine  craoki 
and  incipient  exfoliation  began  to  appear.  Taking  the  specific 
gravity  of  the  stone  at  2*6,  the  yearly  loss  of  surface  amounts  to  , ;  7 

'  Tho  rodoomg  action  of  organic  aoid«  b  further  doacribed  iu  Bootion  Ui 
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millimetre,  80  that  a  crag  of  such  limestone  would  be  lowered  1  metre 
in  72,000  years  1>7  the  solrent  action  of  rain.^ 

Not  only  carbonates  but  silicates  of  lime,  potash,  and  soda, 
combinations  existing  abundantly  as  constituents  of  rocks,  are 
attacked  b^  rain-water ;  their  silica  is  liberated  and  partly  dissolved, 
while  their  alkalies  or  alkaline  earths,  becoming  carbonates,  are 
removed  in  solution.  The  felspars  for  example  are  thus  decomposed, 
the  alkalies  and  the  lime  being  gradually  abstracted  together  with 
a  portion  of  the  silica.  The  result  is  a  slow  disintegration  of  the 
stone  into  sand  and  clay. 

4.  Hydration. — Some  anhydrous  minerals,  when  exposed  to  the 
action  of  the  atmosphere,  absorb  water  (become  hydrous),  and  may 
then  be  more  prone  to  further  change.  Anhydrite  becomes  by 
addition  of  water,  gypsum,  the  change  being  accompanied  by  an 
increase  of  bulk.  It  has  been  suggested  that  local  uplifts  of  the 
ground  may  sometimes  have  been  caused  by  the  hydration  of 
large  subterranean  beds  of  anhydrite.  Many  substances  on  oxidizing 
likewise  become  hydrous.  The  oxidation  of  ferrous  oxide  in  damp 
air  gives  rise  to  hydrous  ferric  oxide,  with  its  characteristic  yellow 
and  brown  colours  on  weathered  surfaces. 

Weathering. — ^This  term  expresses  the  general  result  of  all 
kinds  of  meteoric  action  upon  the  superficial  parts  of  rocks.  As 
these  changes  almost  invariably  lead  to  disintegration  of  the  surface, 
the  word  weathering  has  come  to  be  naturally  associated  in  the 
mind  with  a  loosened  crumbling  condition  of  stone.  But  the 
influence  of  the  atmospheric  agents  is  not  inyariably  to  destroy  the 
coherence  of  the  integral  particles  of  rocks.  In  some  cases  stones 
harden  on  exposure.  Certain  sandy  rocks,  for  example,  like  the 
"grey  weathers"  and  scattered  Tertiary  blocks  in  tne  Ardennes, 
become  under  meteoric  influence  a  kind  of  lustrous  quartzite.  In 
other  cases  there  may  be  more  complex  molecular  rearrangements, 
such  as  those  remarkable  transformations  to  which  Brewster  fii'st  called 
attention  in  the  case  of  artificial  glass.^  He  showed  that  in  thin 
films  of  decomposed  glass  obtained  from  Nineveh  and  other  ancient 
sites,  concentric  agate-like  rings  of  deyitrification  are  formed  round 
isolated  points,  closely  analogous  to  those  above  described  as 
artificially  produced  by  the  action  of  heated  alkaline  waters  (p.  301), 
and  that  groups  of  crystals  or  crystallites,  ^'  probably  of  silex,"  are 
developea  from  many  ind^ndent  points  in  the  decomposing  layer. 
Coloured  films  indicative  of  incipient  decomposition  have  been  ob- 
served on  surfaces  of  glass  exposed  only  to  the  air  of  the  atmosphere 
for  twenty  or  thirty  years.  Brilliantly  iridescent  films  have  been 
produced  on  the  glass  of  windows  exposed  for  not  more  than  twenty 
years  to  the  air  and  ammoniacal  vapours    of  a   stable.^     That 

*  VfaSj  Z,  DeuUch,  Geoh  Cr€$.  zxiy.  p.  405,  and  "Allgemeine  Geologie  als  exacte 
VMwmdwft,"  p.  817.  Roth,  Chem.  Geol  i.  p.  70.  Qeikie,  Proc  Boy.  Soo,  Edin.  x. 
187MO,  p.  518. 

'  Trang.  Boy.  Soe.  Edin,,  zxii.  607,  zziii.  193. 

'  ThiB  &ci  has  been  obsenred  by  my  friend  Mr.  P.  Dadgeon  of  Cargcn  in  an  ill- 
▼e&mAtod  oow-honse,  and  I  haye  seen  the  plates  of  glass  remoyed  fiom  the  vindowa 
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similar  transformations  take  place  in  the  natural  silicates  of  rocks 
seems  in  the  highest  degree  probable.  They  may  form  the  earliest 
stages  of  the  cminge  to  the  usual  opaque  earthy  decomposing  cmst, 
in  which,  of  course,  all  trace  of  any  structure  developed  in  the 
preliminary  weathering  is  lost. 

In  humid  and  temperate  climates  weathering  is  mainly  dae  to 
the  solvent  influence  of  rain ;  in  high  mountainous  situations,  as 
well  as  in  lower  regions  where  the  temperature  falls  below  the 
freezing  point  in  winter,  it  is  largely  produced  by  the  action  of  frost, 
to  be  afterwards  described ;  in  arid  lands  subject  to  ^reat  and  rapid 
alterations  of  temperature  it  is  caused  by  tne  strain  of  alternate 
expansion  and  contraction  and  the  mechanical  action  of  the  wind 
(p.  319).  As  the  name  denotes,  weathering  is  dependent  on  meteoro- 
logical conditions,  and  varies  even  in  the  same  rock  as  these  condi- 


Fio.  84.— Weathebed  Sandstovb  Gliftb  sbowino  ibbbqxjlab  HomnroOMBiVG  avd 

WSATHEBDra  ALONG  PlAHBS  OF  gTBATDPIOATIOIir  (B.). 

tions  change,  but  is  likewise  almost  infinitely  diversified  according 
to  the  structure,  texture,  and  composition  of  rocks. 

Here  hardness  or  softness  forms  no  sure  index  to  the  comparati^ 
power  of  a  rock  to  resist  weathering.  Many  granites,  for  instance, 
weather  to  clay  deep  into  their  mass,  while  much  softer  ^^^^^^^ 
retain  smooth  hard  surfaces.  Kor  is  the  depth  of  the  weathereu 
surface  any  better  guide  to  the  relative  rapidity  of  waste.  A 
tolerably  pure  limestone  may  weather  with  little  or  no  crost,  and 
et  moj  be  continudly  losing  an  appreciable  portion  of  its  sorftc* 
>y  solution,  while  an  igneous  rock  Ukb  a  dolerite  or  basalt  may  ha^^ 
a  thick  decomposed  crust  and  yet  weather  with  extreme  slowneiB. 
In  the  former  case,  the  substance  of  the  rock  \mnz  removed  m 
solution,  few  or  no  insoluble  portions  are  left  to  marR  the  progreBB 
-^  -'^xsay,  while  in  the  igneous  rock  the  removal  of  but  a  co®* 
'ely  small  proportion  causes  the  disintegration  of  the  roc*! 
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tnd  the  lemainiiig  soluble  parts  are  found  as  a  crombling  crust. 
Impure  limestone^  however^  yields  a  weathered  crust  of  more  or  less 
msoluble  particles.  Hence,  as  we  have  already  seen,  the  relative 
pori^  of  Hmestones  may  be  roughly  determined  by  comparing  their 
weathered  surfiEtoas,  where,  if  they  contain  much  sand,  the  grains  will 
be  seen  projecting  from  the  calcareous  matrix ;  should  the  rock  be 
yery  fBrmginous,  the  yellow  hydrous  peroxide  or  ochre  will  be  found 
as  a  powdery  crust,  or  if  the  rock  be  fossiliferous,  the  weathered 
surface  will  commonly  present  the  fossils  standing  out  in  relief.  An 
experienced  fossil  collector  will  always  search  well  these  weathered 
Umestones,  for  he  often  finds  there,  delicately  picked  out  by 
the  weather,  minute  and  frail  fossils  which  are  wholly  invisible 
on  a  freshly  broken  surface  of  the  stone.  This  difference  arises 
from  the  greater  insolubility  of  the  crystalline  calcite  composing 
the  organic  remains  than  of  the  more  granular  calcite  in  which  they 
are  imbedded. 

Bocks  liable  to  little  chemical  change  are  best  fitted  to  resist 
weatiiering,  provided  their  particles  have  suflScient  cohesion  to  with- 
stand the  mechanical  processes  of  disintegration.    Siliceous  sandstones 
offer  excellent  examples  of  this  permanence.    Consisting  mainly  of 
the  durable  mineral  quartz,  they  are  sometimes  able  so  to  withstand 
decay  that  buildings  made  of  tiiem  still  retain,  after  the  lapse  of 
centuries,  the  chisel-marks  of  the  builders.    Many  sandstones,  how- 
eyer,  contain   argillaceous,  calcareous,  or  ferruginous  concretions 
which  weather  more  rapidly  than  the  rock,  and  cause  it  to  assume  a 
honeycombed  surface ;  others  are  full  of  a  diffused  cement  (clay,  lime, 
ironY  the  decay  of  which  causes  the  rock  to  crumble  down  into 
sand.    In  sandstones,  as  indeed  in  most  stratified  rocks,  there  is  a 
tendency  towards  more  rapid  weathering  along  the  planes  of  strati- 
fication, so  that  the  stratified  structure  is 
brought  out  very  clearly  on  natural  cliffs 
(Fig.  84).     In  many  ferruginous  sand- 
stones  and    clay   ironstones  successive 
yeUow  or  brown  zones  or  shells  may  be 
traced  inward  from  the  sur&ce,  frequently 
due  to  changes  of  the  ferrous  caroonate 
into  limoni^,    the    interior  remaining 
still  fresh.    In  many  prismatic  massive  Fio.  S5.— Bihos  of  Weathsrino. 
rocks  (basalt,  diorite,  &c)  segments  of 

the  pnsms  weather  into  spheroids,  in  which  successive  weathered 
rings  form  crusts  like  the  concentric  coats  of  an  onion  (Figs.  85,  86). 
Where  one  of  these  rocks  has  been  intruded  as  a  dyke,  it  sometimes 
decomposes  to  a  considerable  depth  into  a  mass  of  brown  ferruginous 
balls  m  a  surrounding  sandy  matrix — ^thc  whole  having  at  first  a 
resemblance  to  a  conglomerate  made  of  rolled  and  transported 
fragments  (Fig.  87). 

r^o  rocK  presents  creator  variety  of  weathering  than  granite. 
Some  remarkably  dur^le  kinds  only  yield  slowly  at  the  edges  of 
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the  joints,  the  separated  masses  gradually  asstiming  the  form  of 
rounded  blocks  like  water-worn  boulders.    Other  kinds  deeompoee 


Fio.  86.~Spheroidal  Weathsrinq  of  Dolebtte,  North  Queinsferrt. 

to  a  depth  of  30  or  40  feet,  and  can  be  dug  out  with  a  spade,  as  in 
Ciomwall  and  Devon^  where  the  kaolin  from  the  rotted  granite  u 
largely  extracted  for  pottery  purposes.  That  what  appears  to  be 
mere  loose  sand  and  clay  is  really  rock  decomposed  in  situ,  is  proved 


Fig.  87. — Basalt  Dtke  WEATHBRiNa  into  Spheroids. 

by  the  auartz  veins  which  ascend  from  the  solid  rock  (a  Fig.  88)  into 
the  friable  part  (6),  and  by  the  entire  agreement  in  stmctare  between 
the  two  portions.    Here  and  there  kernels  of  still  undecomposed 
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mnite  may  be  seen  (ase^tce  in  Fig.  89),  surrounded  by  thoroughly 
decayed  material,  and,  like  the  solid  cores  of  basalt,  above  mentioned, 
presenting  a  deceptive,  resemblance  to  some  accumulation  of  trans- 


F».  88.— DiooxPOsiTioir  of  Gbanitb. 

0, 8(did  granite ;  6,  decompoeed  granite ; 
e,  yegetoble  soil. 


Fio.  89. — DB00ifF0Bin(»f  of  Gbaiotb. 

a,  solid  granite;  b,  deoomposed 
granite;  o  e^  kernels  of  stiU  unde- 
Gompoeed  granite. 


ported  materials.  Owing  to  its  ni^merous  joints,  granite  occasionallv 
weathers  into  forms  that  resemble  ruined  walls.  Large  slabs,  each 
defined  by  joint  planes,  weather  out  one  above  another  like  tiers  of 
masonry  (Fi^.  90).  As  these  become  surrounded  and  loosened  by  dis- 
integration tney  slip  off  and  expose  lower  parts  of  the  rock  to  the  same 
inflaences.  Here  and  there  a  separate  block  becomes  so  poised  that 
it  may  be  readily  moved  to  and  fro  by  the  hand,  as  in  the  so-called 
''roddng-stones  of  granitic  districts.  The  disintegration  being 
likewise  liable  to  consiaerable  local  differences,  some  portions  of  the 


If^io.  90.— Wbatbbbino  of  Gbanitb  along  its  Joints  (J9.). 

blocks  are  -weathered  into  cavities  often  with  a  singularly  artificial 
appearance,  as  in  the  **  rock  basins  "  of  the  south-west  of  England 

To  the  influence  of  weathering  many  of  the  most  familiar  minor 
eontoars  of  the  land  may  be  traced.  So  characteristic  are  these 
forms  for  particular  kinds  of  rock,  that  thev  serve  as  a  means  of 
recoenizing  them  even  from  a  distance.    (Book  YII.) 

hi  countries  which  have  not  been  under  water  for  a  vast  lapse  of 
time,  and  where  consequently  the  superficial  rocks  have  been  con- 
tiDuously  exposed  to  subaerial  disintegration,  thick  accumulations  of 
'"rotted  rock''  are  found  on  the  surface.  The  extent  of  this  change  is 
sometimes  impressively  marked  in  areas  of  calcareous  rocks.  Lime- 
atone  being  mostly  soluble,  its  surface  is  continually  dissolved  by  rain, 
while  the  insoluble  portions  remain  behind  as  a  slowly  increasing 
deposit.  In  regions  which,  possessing  the  necessary  conditions  of 
climate,  have  been  for  a  long  period  unsubmerged,  tracts  of  lime- 
atone,  unprotected  by  glacial  or  other  accumulations,  are  found  to 
be  covert  particularly  with  a  red  loam  or  earth.    This  character- 
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istic  layer  oeonrg  on  a  limited  scale  over  the  cbalk  of  the  south-east 
of  En^landy  whene,  with  its  abundant  flints,  it  lies  as  the  undissolyed 
ferruginous  residue  of  the  chalk  that  has  been  removed  to  a  depth  of 
many  yards.  It  occurs  likewise  in  swallow-holes  and  other  passages 
dissolved  out  of  calcareous  masses,  and  forms  the  well-known  rod- 
earth  of  bona  caves.     In  south-eastern  Europe  it  plays  an  important 


Fio.  91. — The  '*  Kkitls  amd  Pans,"  St.  Mabt,  Soillt,  Cayitus  WEAtHEiuq)  orr 

OF  Granite  (A). 

part  among  superficial  deposits,  being  extensively  developed  over  the 
limestone  districts,  especially  in  Istria  and  Dalmatia,  where  it  is 
known  as  the  ferruffinous  red  earth  or  terra  rossa} 

Other  remarkaole  examples  of  similar  subaerial  waste  have 
been  specially  noticed  among  crystalline  schists  and  eruptive  rocks. 
In  South  America,  it  has  been  remarked  with  astonisament  that 
the  rocks  are  sometimes  decayed  to  a  depth  of  more  than  300  feet* 
In  the  southern  porticos  of  North  Amenca  and  in  Central  Asia  the 
same  fact  has  been  observed.  Pnmpellv  has  specially  drawn  atten- 
tion to  t\\e  geological  importance  of  this  prolonged  disintegration 
in  siiu.  He  points  out  that  as  masses  oi  decomposed  rock  may  be 
observed  to  a  depth  of  over  100  feet,  the  surface  of  the  still  solid 
rock  underneath  presents  ridges  and  hollows,  succeeding  each  other 
according  to  varying  durability  under  the  influence  of  percolating 
carbonated  water.  In  this  kind  of  weathering,  where  erosion  does 
not  come  into  play,  it  is  evident  that  the  resulting  topography  must, 
in  some  important  respects,  differ  from  that  of  an  ordinary  surface  of 
superficial  denudation.  In  particular,  as  Pumpelly  shows,  rock  basins 
may  be  gradually  eaten  out  of  the  solid  rock.  These  will  remain  fiill 
of  tbe  decomposed  material,  but  any  subsequent  action,  such  as  that 
of  glacier  ice  which  could  scoop  out  the  detritus,  would  leave  the 
basins  and  their  intervening  ridges  exposed.' 

>  On  the  origin  of  **  Terra  rosso,"  see  M.  Neumajr,  Verkandl.  Geol.  BeiehiotuL  1S75, 
p.  50.  Tb.  Fuciis,  op,  cit.  p.  194.  £.  yon  MojsisoTies,  Jahth.  Choi.  RaduiuuL  xzz. 
(1880),  p.  210.  It  18  iucluded  among  the  ferraginoas  deposits  bj  Stoppani  (**  Oono 
aiGeoloKia,"iii.p.634).  *^*^ 

*  Lials,  **  G^logie  da  Br^l/'  p.  2.    Ann.  des  Mine$,  7me  sdr.  Tiii.  p.  G2S, 

*  Pumpelly,  Amer.  Jowm.  SeL  3rd  ser.  xyiii,  136;  alaopotiMy  p.  41(k 
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Formation  of  Soil. — On  level  surfaces  of  rock  the  weathered 
crost  may  remain  with  comparatively  little  rearrangement  nntil 
plants  take  root  on  it,  and  by  their  decay  supply  organic  matter  to 
the  decomposed  layer,  which  eventually  becomes  what  we  term 
'^  vegetable  soil.*'  Animals  also  furnisn  a  smaller  proportion  of 
organic  ingredients.  Though  the  character  of  soil  depends  primarily 
on  the  nature  of  the  rock  out  of  which  it  has  been  formed,  its  fertility 
arises  in  no  small  measure  from  the  commingling  of  decayed 
animal  and  vegetable  matter  with  decomposed  rocK. 

A  gradation  may  be  traced  from  the  soil  downwards  into  what 
is  termed  the  "  subsoil,"  and  thence  into  the  solid  rock  underneath. 
Between  soil  and  subsoil  a  marked  difference  in  colour  is  often 
observable,  the  former  being  yellow  or  brown,  when  the  latter  is 
blue,  grey,  red,  or  other  colour  of  the  rock  beneath.  This  contrast, 
evidently  due  to  the  oxidation  and  hydration  especially  of  the 
iron,  extends  downwards  as  far  as  the  subsoil  is  opened  up  by 
rootlets  and  fibres  to  the  ready  descent  of  rain-water.  The  yellowing 
of  the  subsoil  may  even  occasionally  be  noticed  around  some  stray 
rootlet  which  has  struck  down  further  than  the  rest,  below  the 
general  lower  limit  of  the  soil  {posiea,  Section  iii.). 

Mr.  Darwin  observed  many  years  ago  that  a  layer  of  soil  three 
inches  in  depth  had  grown  above  a  layer  of  burnt  marl  spread  over 
the  land  fifteen  years  previously;  also  that  in  another  example  a 
similar  layer  had,  as  it  were,  sunk  beneath  the  soil  to  a  depth  of 
twelve  or  thirteen  inches  in  eighty  years.  He  connected  these  facts 
with  the  work  of  the  common  eartn-worm,  and  concluded  that  the 
fine  loam  which  had  grown  above  these  original  su^rficial  layers 
had  been  carried  up  to  the  surface,  and  voided  there  in  the  familiar 
form  of  worm-castings.^  This  action  of  the  earth-worm  is  doubtless 
highly  important,  but,  as  Bichthofen  has  pointed  out,  we  have  to 
take  also  into  account  that  gradual  augmentation  of  level  due  to  the 
daily  deposit  of  dust  (o/nte  p.  321). 

Soil  being  composed  mainly  of  inorganic,  and  to  a  slight  extent  of 


Fio.  92. — SwmoH  bhowdkj  the  upward  passaob  of  Rock  (a)  into  Subsoil  (5) 

AND  TBSNCE  INTO  YbGETABLE  6oIL  (c). 

organic  materials,  the  proportion  between  these  two  elements  is  a 
question  of  high  economic  importance.  With  regard  to  the  organic 
matter,  it  is  the  experience  of  practical  aCTiculturists  in  Britain  that 
oats  and  rye  will  grow  upon  a  soil  with  1^  per  cent  of  organic 

«  (hoi  Tram.  ▼.  1840,  p.  505. 
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matter,  but  that  wheat  requires  from  4  to  8  per  cent.*  To  a 
geologist  this  organic  matter  nas  much  interest,  as  the  source  of  most 
of  the  carbonic  acid  by  which  so  wide  a  series  of  changes  is  worked 
by  subterranean  water.  The  inorganic  portion  of  soil,  or  stQl 
undissolved  residue  of  the  original  surface  rock,  varies  from  a  loose 
open  substance  with  90  per  cent,  or  more  of  sand,  to  a  stiff  cold 
retentive  material  with  more  than  90  per  cent,  of  clay.  When  this 
sand  and  clay  are  more  equally  mixed  thev  form  a  "  loam." 

Beference  has  just  l^en  made  to  the  thick  accumulation  of 
rock  decomposed  in  situ  observable  in  certain  regions  which,  having 
been  above  the  sea  for  a  lengthened  period,  have  been  long  exposed 
to  the  action  of  weathering.  Where  this  action  has  been  supple- 
mented by  that  of  rain,  widespread  formations  of  loam  and  earth 
have  been  gathered  together.  These  are  well  illustrated  by  the 
"brick-earth,"  **head,"  and  "rain-wash"  of  the  south  of  England — 
earthy  deposits,  sometimes  full  of  angular  stones,  derived  from  the 
subaerial  waste  of  the  rocks  of  the  neighbourhood.^ 

2.  Mechanical  Action. — Besides  chemically  corroding  rocks 
and  thereby  loosening  the  cohesion  of  their  particles,  rain  acts 
mechanically  bv  washing  off  these  particles,  which  are  held  in 
suspension  m  the  little  rain-runnels  or  are  pushed  by  them  aioufi^ 
the  surface.  The  amount  and  rapidity  of  this  action  do  not  depend 
merely  on  the  annual  quantity  of  rain.  A  comparatively  large 
rainfall  may  be  so  equably  distributed  through  a  year  or  season 
as  to  produce  less  change  than  may  be  caused  by  a  few  heavy  rain- 
storms which,  though  inferior  in  total  amount  of  precipitated 
moisture,  descend  rapidly  in  great  volume.  Such  copious  rains,  by 
deluging  the  surface  of  a  country  and  rapidly  flooding  its  water 
courses,  may  transport  in  a  few  hours  an  enormous  amount  of  sand 
and  mud  to  lower  levels.  Another  feature  to  be  kept  in  view  is  the 
angle  of  declivity:  the  same  amount  of  rain  will  perform  vastly 
more  mechanical  work  if  it  can  swiftly  descend  a  steep  slope,  than  if 
it  has  to  move  tardily  over  a  gentle  one. 

Bemoval  and  Benewal  of  Soil. — ]^lie  de  Beaumont  drew 
attention  to  what  appeared  to  be  proofs  of  the  permanence  or  long 
duration  of  the  layer  of  vegetable  soil.'  But  the  cases  cited  by  him 
are  not  inconsistent  with  the  doctrine  that  the  persistence  of  the 
soil  is  true  rather  of  the  layer  as  a  whole  than  of  its  individual 
particles.*     Were  there  no  provision  for  its  renewal,  soil  would 

'  Johnston's  Elements  of  AgrieuUurdl  Chemistry,  p.  SO. 

'  See  Aosten,  Q,  J.  Oecl,  Soe,  yi.  p.  94,  vii.  p.  121 ;  Foster  and  Topley,  op.  cU.  xxL 
p.  446.  The  yast  extent  of  some  snpsrficial  fonnations,  like  the  ^  loess**  above  (p.  322} 
referred  to,  has  often  suggested  submergence  below  the  sea.  Bat  when,  instead  of  mariiM 
orefanisms,  only  terrestrial,  flayiatUe,  or  laonstrine  remains  oooor  in  them,  as  in  the 
bnck-clays  and  loess,  the  idea  of  marine  submergenoe  cannot  be  entertained.  The 
remarkable  *< tundras"  or  steppes  of  Siberia,  and  the  '* black  earth"  of  Rusfia,  sie 
examples  of  such  extensive  formations,  which  are  certainly  not  of  marine  origin,  bat 
point  to  longHX>ntinued  emergence  above  the  sea.  See  Murohison,  EeyaerUng,  and  De 
Yemeuirs  **  Geology  of  Russia.'*    Belt.  Q.  J.  Oeol  Soe,  xxx.  p.  490 ;  also  potUoy  ?>  458. 

•  •*  Lemons  de  G^logie  Pratique,**  i  p.  140. 

*  Geikie,  Trans,  Oeol,  Soe.  CRasgow,  iil  p.  170. 
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oompafatively  soon  be  exhausted  and  would  cease  to  support  the 
same  yegetatioo.  This  result  indeed  occurs  partially^  especially  on  flat 
lands,  but  would  be  far  more  wideapread  yjf^Te  it  not  that  rain, 
eradualiy  washing  off  the  upper  part  of  the  sqij,  exposes  what  lies 
beneath  to  further  disintegration.  This  removaLt^kes  place  even  on 
mi8B-coyered  surfaces  through  the  agency  of  earth-worms,  by  which 
fine  particles  of  loam  are  brought  up  and  exposed  to  the  air  to  be 
dried  and  blown  away  by  wind  or  wasned  down  by  rain.  The  lower 
limit  of  the  layer  of  soil  is  thus  made  to  trayel  downward  into 
the  subsoil,  which  in  turn  adyances  into  the  underlying  rock.  As 
Huttonlong  ago  insisted,  the  superficial  coyerin^of  soil  is  constantly, 
though  slowly,  trayelling  to  the  sea.^  In  this  ceaseless  transport 
rain  acts  as  the  great  carrying  agent.  The  particles  of  rock  and  of 
soil  are  step  by  step  moved  downward  over  the  face  of  the  land  till 
they  reach  the  nearest  brook  or  river,  whence  their  seaward  progress 
may  be  rapid.  A  heavy  rain  discolours  the  water-courses  of  a 
country,  because  it  loads  them  with  the  fine  debris  which  it  removes 
from  the  general  surface  of  the  land.  In  this  w0.  rain  serves  as  the 
means  whereby  the  work  of  the  other  disintegrlltin^  forces  is  made 
conducive  to  the  general  degradation  of  the  land.  The  decomposed 
crust  produced  by  weathering,  which  would  otherwise  accumulate 
over  tne  solid  rock  and  in  some  measure  protect  it  from  decay,  is 
removed  b^  rain,  and  a  fresh  surface  is  thereby  laid  bare  to  further 
decomposition. 

Unequal  Erosive  Action  of  Bain. — While  the  result  of 
rain  action  is  the  general  lowering  of  the  level  of  the  land,  this 
process  necessarily  advances  very  unequally  in  different  places.  On 
flat  ground  the  waste  may  be  quite  inappreciable  except  after  long 
intervals  and  by  the  most  accurate  measurements,  or  it  may  even  give 
place  to  deposition,  the  fine  detritus  washed  off  the  slopes  being 
spread  out  so  as  actually  to  heighten  the  alluvial  suiiace.  In 
numerous  localities  great  variations  in  the  rate  of  erosion  by  rain 
may  be  observed.  l%us,  from  the  pitted,  channelled  ground  lying 
immediately  under  the  drip  of  the  eayes  of  a  house,  uagments  of 
stone  and  gravel  stand  up  prominently,  because  the  earth  around  and 
above  them  has  been  washed  away  by  the  falling  drops,  and  because, 
being  hard,  they  resist  the  erosive  action  and  screen  the  earth  below 
them.  On  a  larger  scale  the  same  kind  of  operation  may  be  noticed 
in  districts  of  conglomerate,  where  the  larger  blocks,  serving  as  a 
protection  to  the  rock  underneath,  come  to  form  as  it  were  the 
capitals  of  slowly-deepening  columns  of  rock  (Fig.  93).  In  certain 
valleys  of  the  Alps  a  stony  cla^  is  cut  by  the  rain  into  pillars,  each 
of  which  is  protected  by,  and  mdeed  owes  its  existence  to,  a  large 
block  of  stone  which  lay  originally  in  the  heart  of  the  mass  (Fig.  94). 
These  columns  are  of  all  heights,  according  to  the  positions  in  which 
the  stones  may  have  originally  lain. 

There  are  instances,  however,  where  the  disintegration  has  been 

'  >  Theory  of  the  Earih,  Part  II.  Ohaps.  Y.,  YI. 


Digitized  by 


Google 


342 


DYNAMICAL  GEOLOGY. 


[Book  III. 


80  complete  that  only  a  few  scattered  fragments  remain  of  a 
extensiye  stratum,  and  where  it  may  not  be  easy  to  realize  that 
these  fragments  are  not  transported  boulders.  In  Dorsetshire  and 
Wiltshire,  for  example,  the  surface  of  the  country  is  in  some  parta 
so  thickly  strewn  with  fragments  of  sandstone  and  conglomerate 
^  that  a  person  may  almost  leap  from  one  stone  to  another  without 


FiO.  93.— Baim-bbodso  Pillaiu  of  Old  Bad  Conolomjcbah^  Foghabxbs. 

touching  the  ground.  The  stones  are  frequently  oi  considerable 
size,  many  being  four  or  five  yards  across,  and  about  four  feet 
thick."  ^  They  are  found  lying  abundantly  on  the  Chalk,  suggeatiye 
at  first  of  some  former  agent  of  transport  by  which  they  were 
brought  from  a  distance.  They  are  now,  howcTer,  generally  ad- 
mitted to  be  simply  fragments  of  some  of  the  sandy  Tertiary  strata 
which  once  covered  the  districts  where  they  occur.  While  the 
softer  portions  of  these  strata  haye  been  carried  away,  the  harder 
parts  rtheir  hardness  perhaps  increasing  by  exposure)  have  remained 
Dehina  as  **  Grey  Wethers,  *  and  have  subsequently  suffered  from  the 
inevitable  splitting  and  crumbling  action  of  the  weather.  Similar 
blocks  of  ouartzite  and  conglomerate  referable  to  the  disintegration 
of  Lower  Tertiary  beds  in  stiii,  are  traceable  in  the  north-east  of 

*  They  haTo  been  used  for  the  huge  blocks  of  which  Stonehenge  and  other  of  U)« 
to-oallod  dniidical  circlet  have  been  conBtnicted,  hence  they  have  been  tenned  Dmid 
8ionet.  Other  names  are  Sarsen  Stones  (supposed  to  indicate  that  their  aeonaralatiaa 
has  been  popularly  ascribed  to  the  Saracens),  and  Grey  Wethers,  from  their  n  simMsnrs 
in  the  distance  to  flocks  of  (wether)  sheep.  See  DetcripHve  Catalogue  of  Rock  Spte»mf» 
4n  Jerm^  Strtet  Mvseum,  3id  ed. ;  Prf  Btwich.  Q.  J.  GroL  Soe,  x.  p.  123;  Whitakcr, 
GeoiogiaU  Survtjf  Memoir  on  parU  of  MiddUtex,  Sec.  p.  71. 
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France  up  into  the  Ardennes,  showing  that  the  Tertiary  deposits  of 
the  Paris  basin  once  had  a  far  wider  extension  than  they  now  possess.^ 
On  a  iar  grander  scale  the  apparent  caprice  of  general  subaerial 
disinte^tion  is  exhibited  among  the  "  buttes  "  and  '^  bad-lands  "  of 
Wyoming  and  the  neighboaring  territories  of  North  America. 
Colossal  pyramids,  barred  horizontally  by  the  level  lines  of  stratifica- 


YuL  94.— Eabth-pillabs  lztt  vt  the  WKATusBiiro  or  MoRAiM£-sturF,  TtboL. 
tioD,  rise  up  one  after  another  far  out  into  the  plains,  which  were 
ODoe  coYered  by  a  continaous  sheet  of  the  formations  whereof  these 
detached  oatliers  are  only  fragments. 

As  a  consequence  of  this  inequality  in  the  rate  of  waste 
depending  on  so  many  conditions,  notably  upon  declivity,  amount 
And  heavineis  of  rain,  lithological  texture  and  composition,  and 
geological  structure,  great  varieties  of  contour  are  worked  out 
upon  the  land.  A  siirvey  of  this  department  of  geological 
actiTity  shows,  indeed,  that  the  unequal  wasting  by  raia  has  in  a 
Urge  measure  produced  the  details  of  relief  on  the  present  surface 
of  the  continents,  those  tracts  where  the  destruction  has  been 
greatest  forming  hollows  and  valleys,  others,  where  it  has  been  less, 
rising  into  ridges  and  hills.  Even  the  minuter  features  of  crag  and 
pinnaJde  may  be  referred  to  a  similar  origjin.     (Book  VII.) 

>  BarroiB,  Ann,  8oc.  Geol.  du  Nard,  vi.  p.  366. 
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§  2.   Underground  Water. 

A  great  part  of  the  rain  that  falls  on  land  sinks  into  the  gronnd 
and  apparently  disappears ;  the  rest  flowing  off  into  runnels,  brooks, 
and  nvers^  moves  downward  to  the  sea.  It  is  most  conyenient  to 
follow  first  the  coarse  of  the  subterranean  water. 

AH  rocks  being  more  or  less  porous,  and  traversed  by  abundant 
joints  and  cracks,  it  results  that  m)m  the  bed  of  the  ocean,  from  the 
bottoms  of  lakes  and  rivers,  as  well  as  from  the  general  surface  of 
the  land,  water  is  continually  filtering  downward  into  the  rocks 
beneath.  To  what  depth  this  descent  of  surface  water  may  go  is 
not  known.  As  stated  in  a  former  section,  it  may  reach  as  &r  as 
the  intensely  heated  interior  of  the  planet^  for,  as  the  already 
quoted  researches  of  Daubr^e  have  shown,  capillary  water  can 
penetrate  rocks  even  against  a  high  counter-pressure  of  vapour 
(anie,  p.  299).  Probably  the  depth  to  which  the  water  descends 
varies  indefinitely  according  to  the  varying  nature  of  the  rocky 
crust  Some  shallow  mines  are  practically  quite  dry,  others  of 
ereat  depth  require  large  pumping  engines  to  keep  them  from  being 
flooded  by  the  water  thai  pours  into  them  from  the  surrounding 
rocks.  Yet  as  a  rule,  the  upper  layers  of  rock  in  the  earth's  crust  are 
fuUer  of  moisture  than  those  deeper  down. 

Underground  Circulation  and  Ascent  of  Springa— 
The  water  which  sinks  below  ground  is  not  permanentlv  removed 
from  the  surface,  though  there  must  be  a  slight  loss  aue  to  ab- 
sorption and  chemical  luteration  of  rocks.  Finding  its  way  throogb 
joints,  fissures,  or  other  divisional  planes  of  rocks,  it  issues  once  more 
at  the  surface  in  springs.  This  may  happen  either  by  continuous 
descent  to  the  point  of  outflow  or  by  hyorostatic  pressure.  In  the 
former  case,  rain^^water  sinking  underaeath,  flows  along  a  subterranean 
channel  until,  when  that  channel  is  cut  by  a  valley  or  other  de- 
pression of  the  ground,  the  water  emerges  again  to  daylight.    Thus 


Fig.  95. — Sdo^lb  ob  Surface  Spbikgs. 

in  a  district  having  a  simple  geological  structure  (as  in  Fig.  95),  a 
sandy  porous  stratum  (e),  through  which  water  readily  mids  its 
way,  may  rest  on  a  less  easily  permeable  clay  ((2),  followed  1lnde^ 
neath  by  a  second  sandy  pervious  bed  (c),  resting  as  before  upon 
comparatively  impervious^  strata  (a).  Bain  falling  upon  the  nppef 
sandy  stratum  (e),  will  sink  througn  it  to  the  surface  of  the  clay  Wf 

*  This  term  impervious  mnst  eWdentiy  be  used  in  a  relatiye  and  not  in  an  tbiolots 
seme.  A  stiff  clay  is  practically  impervious  to  the  trickle  of  underground  water;  boo^ 
its  employment  as  a  material  for  puddling  (that  is»  making  water-ti^^ht)  caoali  ^ 
reaenroirs.  But  it  contains  abundant  interstitial  water,  on  which  indeed  it^  chaisoteriiti^ 
plasticity  depends. 
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along  which  it  will  flow  until  it  issues  either  as  springs  or  in  a 
geneial  line  of  wetness  along  the  side  of  the  valley  (&).  The  second 
sa&dy  hed  (e)  will  serve  as  a  reservoir  of  subterranean  water  so  long 
88  it  remains  below  the  surface,  but  an^  valley  cutting  down  below 
its  base  towards  or  beyond  h  will  drain  it« 

Except,  however,  in  districts  of  gently  inclined  and  unbroken 
strata,  springs  are  more  usually  of  the  second  class,  where  the  water 
has  descended  to  a  greater  or  less  distance  from  the  surface  and  has 
risen  again  to  the  surface  in  fissures,  as  in  so  many  syphons.  Lines 
of  joint  and  fault  afford  ready  channels  for  subterranean  drainage 
(Fig.  96).    Powerful  faults  which  bring  different  kinds  of  rock  against 


FtG.  %.— DSBP-«BATSD  BPRIKOS  BIBING  THBOUOH  JOINTS  (<  s)  AMD  A  FaxJLT  (/). 

each  other  are  frequently  marked  at  the  surface  by  copious  springs 
(/.  Fig.  96).  So  complex  is  the  network  of  divisional  planes  bjr  which 
rocks  are  traversed  tnat  water  may  often  follow  a  most  labyrinthine 
course  before  it  completes  its  underground  circulation  (Fig.  97). 
hi  most  districts  rocks  are  permeated  with  water  below  a  certain 
limit  termed  the  water-leveL  Owing  to  varying  structure  and 
relative  capacity  for  water  among  rocks,  this  line  is  not  strictly 
horizontd.  like  that  of  the  surface  of  a  lake.  Moreover,  it  is  liable 
to  rise  and  fall  according  as  the  seasons  are  wet  or  dry.  In  some 
places  it  lies  quite  near,  in  others  far  below,  the  surface.  A  well  is 
an  artificial  hole  dag  down  below  the  water-level,  so  that  the  water 


Via.  97. — ^IhTBIOATB  SrBTEBBAKEAN  GOTJBSE  OF  PERCOLATING  WaTBB. 

may  percolate  into  it.  Hence,  when  the  water-level  happens  to  be  at  a 
small  depth  wells  are  shallow,  when  at  a  great  deptn  they  require 
to  be  deep. 
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Since  rocks  vary  greatly  in  porosity,  some  contain  tar  man  wdet 
than  others.  It  often  happens  that,  percolatinjg  ttloB|:  some  poroos 
bed,  subterranean  water  nnds  its  way  downwara  until  it  passes  uoder 
some  m(»re  impernaos  rode.  Hindered  in  its  progress,  it  aocomalates 
in  the  porous  bed,  firom  which  it  may  be  able  to  find  its  way  up  to 
the  surface  again  only  by  a  tedious  circuitous  passac^  I^  howe? er, 
a  bore-hole  be  sank  through  the  upper  impervious  bed  down  to  the 
wateivcharged  stratum  below,  the  water  will  avail  itsdf  of  this 


FlO.  98.— DUOBAM  ILLXJ8TBAT1TV  OF  TflB  ThBOBT  OF  AbTBBLUT  WsLLB. 

a,  hf  Lower  water-beftring  roofci,  ooveied  by  an  impeirions  series  (e),  thxougfa  whidi, 
at  I  and  elsewhere  borings  atre  made  to  the  water  leTel  booeath. 

artificial  channel  of  escape,  and  will  rise  in  the  hole,  or  even  gosh 
out  as  A  Jet  cTeau  above  ground.  Wells  of  this  kind  are  now  hu^y 
employed.  They  bear  the  name  of  Artesian^  from  the  old  province 
of  Artois  in  France,  where  they  have  long  been  in  use.^ 

That  the  water  really  circulates  underground,  and  passes  not 
merely  through  the  pores  of  the  rocks  but  in  crevices  and  tunnels, 
which  it  has  no  doubt  to  a  large  extent  opened  for  itself  along  natural 
joints  and  fissures,  is  proved  by  the  occasional  rise  of  leaves,  twigs, 
and  even  live  fish,  in  the  shaft  of  an  Artesian  well.  Such  testimony 
is  particularly  striking  when  found  in  districts  without  surfistoe  waters, 
and  even  perhaps  with  little  or  no  rain.  It  has  been  met  with,  for 
instance,  in  sinKing  wells  in  some  of  the  sandy  deserts  on  the  southern 
borders  of  Algeria.'  In  these  and  similar  cases  it  is  clear  that  tbe 
water  may,  and  sometimes  does,  travel  for  many  leagues  underc^roand 
away  from  tiie  district  where  it  fell  as  rain  or  snow,  or  where  it  leaked 
from  the  bed  of  a  river  or  lake. 

The  temperature  of  springs  affords  a  convenient,  but  not 
always  quite  reliable  indication  of  the  relative  depth  from  which  they 
have  risen.  Some  springs  are  just  one  d^ree  or  less  above  the 
temperature  of  ice  (U.  0  ,  Fahr.  32^.  Others  in  volcanic  districts 
issue  with  the  temperature  of  boiling  water  (C.  100°,  Fahr.  21*/). 
Between  these  two  extremes  every  degree  may  be  registered.  Very 
cold  springs  may  be  regarded  as  probably  deriving  their  supply 
from  cold  or  snow-covered  mountains.  CJertain  exceptional  cases, 
however,  occur  where  ice  forms  in  caverns  {glacSsres)  even  in 
warm  and  comparatively  low  districts.  Water  issuing  from  these 
ice-caves  is  of  course  cold.'  On  the  other  hand,  springs  whose 
temperature  is  higher  than  the  mean  temperature  of  tbe  places 
at  which  they  emerge  must  have  been  warmed  by  the  internal 

>  See  Pxeetwioh,  Q.  /.  Qeot  8oe.  xzviiL  p.  Ivii  and  the  referenoee  theze  giren. 

*  Deeor,  Bull  8oe,  8eu  Not  NeufehdUH,  1S64. 

*  The  most  lemarkable  example  of  a  ^laoi^  yet  observed  is  that  of  Dobdchao,  ia 
Hungary,  of  which  an  aooonnt,  with  a  aenes  of  interesting  drawings,  was  published  in 
1S74  by  Dr.  J.  A.  Kienner,  keeper  of  the  national  museum  in  Buda-Pesih. 
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beat  of  the  earth.  These  are  termed  Thermal  Springs.^  The 
hottest  springs  are  found  in  volcanic  districts.  But  even  at  a 
gXBii  distonce  from  any  active  volcano,  springs  rise  with  a  temperature 
of  12(f  Fafar.  fwhich  is  that  of  the  !Bath  springs^  or  even  more. 
These  have  prooably  ascended  fnm  a  great  d^L  If  we  coald 
aasome  a  progressive  increase  of  1^  Fahr.  of  subterranean  beat  for 
every  60  root  of  descent,  the  water  at  120°,  issuing  at  a  locality  whose 
ordinary  temperature  is  50%  should  have  been  down  at  least  4200 
feet  below  the  surfSfioe.  But  firom  what  has  been  already  stated 
(p.  47)  regarding  the  irregular  stratification  of  temperature  within 
the  earth's  crust,  such  estimates  of  the  probable  deptn  of  the  sources 
of  springs  are  not  quite  reliable.  The  source  of  heat  in  these  cases 
mav  be  some  crushing  of  the  crust  or  ascent  of  heated  matter  from 
ondemeath,  which  does  not  however  produce  volcanic  phenomena. 

L  Chemical  Action. — ^Every  sprmg,  even  the  clearest  and  most 
sparkling,  contains  dissolved  gases,  also  solid  matter  abstracted  from 
the  soils  and  rocks  which  it  luts  traversed.  The  gases  include  those 
absorbed  by  rain  from  the  atmosphere  (p.  330),  iQso  carbon  dioxide 
supplied  by  decomposing  organic  matter  in  the  soil,  sulphuretted 
hycirogen,  and  marsh  gas  or  other  hydrocarbon  derived  from  decom- 
positious  within  the  crust 

The  solid  constituents  consist  partly  of  organic,  but  chiefly  of 
mineral  matter*  Where  spring  water  has  been  derived  from  an 
area  covered  with  ordinary  numus,  organic  matter  is  idways  present 
m  it.  Organic  acids  are  abstracted  from  the  soil  by  descending 
water,  and  these,  before  they  are  oxidized  into  carbonic  acid,  appear 
to  be  efiective  in  decomposing  minerals  and  forming  soluble  salts 
(p.  433).  The  mineral  matter  of  spring  water  consists  principally  of 
carbonates  of  calcium,  magnesium,  and  sodium,  sulphates  of  calcium 
and  sodium,  and  chloride  of  sodium,  with  minute  traces  of  silica, 
phosphates,  nitrates,  &c  The  nature  and  amount  of  mineral  impregna- 
tion depend  on  the  one  hand  upon  the  chemical  energy  of  the  water, 
and  on  the  other  upon  the  composition  of  the  rocks,  various  sources 
of  augmentation  of  its  chemical  energy  are  available  for  subterranean 
water.  (1.)  The  abundant  organic  matter  in  the  soil  partially 
abstracts  oxygen  from  the  water,  but  supplies  organic  acids,  especially 
carbonic  acid.  In  so  far  as  the  water  carries  down  from  the  soil  any 
oxidizable  organic  substance  its  action  must  be  to  reduce  oxides. 
Ordinary  vegetable  soil  possesses  the  power  of  removing  from 
permeating  water  potash,  silica,  phosphoric  acid,  ammonia,  and 
organic  matter,  elements  which  had  been  already  in  great  measure 
abstracted  from  it  by  living  vegetation,  and  which  are  again  ready  to 
be  taken  up  by  the  same  organic  agents.    (2.)  Carbon  dioxide  is  here 

'  Btnder  points  oot  that  some  springs  which  are  thennal  in  high  latitudes  or  at 
S>B«t  etofatioos,  would  be  termed  oold  sprinn  near  the  equator,  and,  eonsequeotly,  that 
^riags  baTinff  a  lower  temperature  than  that  of  the  inter-tropical  zone,  tbat  is  from 
C.  0«  to  30°  (Fahr.  $2?Si%  should  be  oaUed  "  relative,"  those  which  surpass  that  limit 
^fJ^SOi^-lOO**)  **  absolute,"  and  he  gires  a  series  illnstraiive  of  each  group — ^**Phj- 
■waiisdie  G^Dgraphie,"  ii  (1847),  p.  49.    Fur  volcanic  thermal  springs  see  ante,  p.  236. 
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and  there  largely  evolyed  within  the  earth's  crust,  especially  in  regiooB 
of  extinct  or  dormant  Tolcanoes.  Subterranean  water  coming  in  the 
way  of  this  gas  dissolres  it,  and  thereby  obtains  aujgmented  sol?ent 
power.  (3.)  The  capacity  of  water  for  mssolying  mineral  substances 
IS  augmented  by  increase  of  temperature  (aniSy  p.  300).  It  is  con- 
ceivable that  cold  springs  containmg  a  large  percentage  of  mineral 
solutions  may  hare  acquired  this  impregnation  at  a  great  depth  and 
at  a  higher  temperature.  As  a  rule,  howeyer,  thermal  water  as  it 
cools  wul  deposit  its  dissolyed  minerals  on  the  walls  of  the  fissures 
up  which  it  ascends.  Hence  no  doubt  the  sucoessiYe  layers  in 
mineral  veins.  (4.)  Pressure  likewise  raises  the  solvent  power  of 
water  (p.  300).  (5.)  Some  of  the  solutions  due  to  decompositions 
effected  by  the  water,  increase  its  ability  to  accomplish  ftuth^  de- 
compositions (p.  302).  Thus  the  alkaline  carbonates,  which  are 
among  the  earliest  products,  enable  it  to  dissolve  silica  and  decompose 
silicates.  These  carbonates  likewise  promote  the  decomposition  of 
some  sulphates  and  chlorides.  Calcium  carbonate,  which  is  found  in 
the  water  of  most  springs,  is  the  result  of  decomposition,  and  by  its 
presence  leads  to  tne  further  disintegration  of^  various  minerals. 
**  Carbonic  acid,  bicarbonate  of  lime,  and  the  alkaline  carbonates  bring 
about  most  of  the  decompositions  and  changes  in  the  miner^ 
kingdom.  It  is  a  matter  of  great  importance  to  find  that  the  same 
substances  which  give  rise  to  so  many  decompositions  in  the  mineral 
kingdom  are  the  chief  ingredients  in  the  waters."^ 

The  nature  of  the  cluinges  effected  by  the  percolation  of  water 
through  subterranean  rocks  will  be  best  understood  from  an  examina- 
tion of  the  composition  of  q>ring  water.  Springs  may  be  conveniently 
though  not  very  scientifically  grouped  into  two  classes.  Ist: 
Common  springs,  such  as  are  fit  for  ordinary  domestic  purposes,  and 
2Qd,  mineral  sprines,  in  which  the  proportions  of  diasolvea  mineral 
matter  are  so  much  higher  as  to  remove  the  water  from  the  usual 
potable  kinds. 

Common  Springs  possess  a  temperature  not  higher  but  fre- 
quently lower  than  that  of  the  localities  at  which  they  rise,  and 
ordinarily  contain,  besides  atmospheric  air  and  its  gases,  calcic 
carbonate  and  sulphate,  common  salt,  with  chlorides  of  calcium  and 
magnesium,  and  sometimes  organic  matter.  The  amount  of  dissolved 
mineral  contents  in  ordinary  drinking  water  does  not  exceed  *5,  or  at 
most  1*0  gramme  per  litre ;  the  best  waters  contain  even  leas.  The 
amount  of  organic  matter  should  not  exceed  from*005  to  "01  gramine 
per  litre  in  wnolesome  drinking  water.'  Spring  water  containing  a 
very  minute  percentage  of  mineral  matter,  or  in  which  this  matl^» 
even  if  in  more  considerable  quantity,  consists  chiefly  of  alkaUne 
salts,  dissolves  common  soap  readily,  and  is  known  in  domestic 
economy  as  ''soft"  water.  Where,  on  the  other  hand,  the  salts  in 
solution  are  calcic  or  magnesic  carbonates,  sulphates,  or  chlorides, 

>  BiBcbof,  Ohem,  OtoL  i.  p.  17. 

*  Dr.  B.  H.  Paul  in  WaU^  Diet  Chem.  r.  p.  1022. 
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they  decompoBe  soap,  forming  with  its  fatty  acids  insoluble  compounds 
which  appear  in  the  &miliar  white  curd^  precipitate.  Such  water 
is  termed  ^  hard."  Where  the  hardness  is  due  to  the  presence  of 
bicarbonates  it  disappears  on  boiling,  owing  to  the  loss  of  carbonic  acid 
and  the  ooDsequent  precipitation  of  the  insoluble  carbonate,  while  in 
the  case  of  sulphates  and  chlorides  no  such  change  takes  place.^ 

The  extensive  investigations  carried  on  by  the  Rivers  Pollution 
Commission  in  Britain  have  thrown  much  light  on  the  relation 
between  the  amount  of  mineral  matter  in  solution  in  springs  and 
wells,  and  the  diaracter  of  the  underlying  rock.  The  following 
table  giyes  a  summary  of  results  obtained  : 

Va  .«#        Mean  unoDDt  of  Solid 
AnldV^         ContenU  In  10.000 
Analyses.  Parts  of  Water. 

1.  FlQviomarine  Drift  Grayel                                  .10  6*  132 

2.  Upper  Chalk 30  2*984 

3.  Lower  Chalk  to  Upper  Greenoand     .         .         .     19  8*005 

4.  Oolites 85  3*038 

5.  Uaa 7  3-641 

6.  New  Bed  Sandstone 15  2*869 

7.  MagneoiaB  Limestone 1  4*418 

S.  Coal  Measores 14  2*430 

9.  Yoredale  and  Millatone  Grit    .                          .8  1-773 

10.  Mountain  Limestone 13  8*206 

11.  DeYonian  and  Old  Bed  Sandstone     .         .         .  82  2*506 

12.  Silurian 15  1*233 

13.  Granite  and  Gneiss 8  0*594 

From  this  table  it  is  evident  how  greatly  the  proportion  of 
disBolTed  mineral  substance  augments  in  those  waters  which  rise  in 
calcareous  tracts,  and  how  it  correspondingly  sinks  in  those  where 
the  rocks  are  mainly  siliceous.  The  maximum  percentage  in  group 
Na  13  was  less  than  1  part  in  every  lO^OOO  of  water,  the  minimum 
being  0*140  from  granite.  In  No.  1,  on  the  contrary,  the  maximum 
was  22-524,  in  No.  6  it  was  7426,  and  in  No.  10  it  was  9-860.' 

Mineral  springs  are  in  some  instances  cold,  in  others  warm, 
or  even  boiling.  Thermal  springs  are  more  usually  mineral  waters 
than  cold  springs,  but  there  does  not  appear  to  be  any  necessary 
relation  between  temperature  and  chemicied  composition.  Mineral 
springs  may  be  roughly  classified  for  geological  purposes  according 
to  the  prevailing  mineral  substance  contained  in  them,  which  may 
range  in  amount  from  1  to  300  grammes  per  litre.^ 

Caleareotis  Sjrings  contain  calcium  carbonate  in  such  quantity 
as  to  be  recuiily  deposited  in  the  form  of  a  white  crust  round  objects 
OTer  which  the  water  flows.  Calcium  carbonate,  according  to 
Fresenius,  is  dissolved  by  10,600  of  cold  and  by  8834  parts  of  warm 
water.^  But  in  nature  the  proportion  of  this  carbonate  present 
in  springs  depends  mainly  on  the  proportion  of  carbonic  acia  which 
retains  the  ume  in  solution.      On  the   loss   of  carbonic  acid  by 

>  Paul,  loe.  oil. 

*  ''BiTos  PoUntion  Omunissioii  Report,'*  1874,  p.  187. 

*  Paul,  op.  6t<.  p.  1016. 

*  Both,  "  COiem.  Geol.'*  i.  p.  48.  *'  One  litre  of  water,  either  cold  or  boiling,  dis- 
wlfet  about  18  milligranimea.'^    Boacoe  and  Sohorlemmer,  **  Ohemiatry,"  ii.  p.  208. 
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exposure  and  evaporation,  the  carbonate  is  thrown  down  as  a  white 
precipitate.  Water  saturated  with  carbonic  acid  will  at  the  freezing 
point  dissolve  0*70  gramme  and  at  10°  C,  0-88  gramme  of  eeddum 
carbonate  per  litre.  Calcareous  springs  occur  abundantly  in  lime- 
stone districts,  and  indeed  may  be  looked  for  wherever  the  rocks 
are  of  a  markedly  calcareous  character.  In  some  regions  they 
have  brought  up  such  enormous  quantities  of  lime  as  to  form  con- 
siderable liills  Qffoeteoy  p  354). 

Ferruginous  or  Chalybeate  Springs  contain  a  large  proportion  of 
iron  in  the  total  mineral  ingredients,  and  are  known  by  their  inl^ 
taste,  and  the  yellow,  brown,  or  red  ochry  deposit  along  tiieir 
channel.  They  may  be  frequently  observed  in  districts  where  beds 
or  veins  of  ironstone  occur,  or  where  the  rocks  contain  much  iron  in 
combination,  particularly  in  the  waters  of  old  mines.  In  many  cases 
the  iron  is  supplied  by  the  weathering  of  the  sulphide  (marcasite) 
so  abundantly  contained  among  stratified  rocks.  I^errous  sulphate 
is  produced  and  brought  to  the  surfiace,  but  in  presence  of  carbonates, 
particularly  of  the  ubi(|uitous  carbonate  of  lime,  this  sulphate  is 
decomposed,  the  acid  bemg  taken  up  by  the  alkaline  earth  or  alkali 
and  the  iron  becoming  a  ferrous  carbonatei  which  rapidly  oxidizes 
and  falls  as  the  familiar  yellow  or  brown  crust  of  hydrous  peroxide. 
The  rapidity  with  which  ferrous-carbonate  is  thus  oxidized  and 
precipitated  was  well  shown  by  Fresenius  in  the  case  of  the  Langen- 
schwalbach  chalybeate  spring.  In  its  fresh  state  the  water  contains 
in  1000  parts  0*37696  of  protoxide  of  iron.  After  standing  twenty- 
four  hours  it  was  found  to  contain  only  87*7  per  cent  of  the  original 
amount  of  iron ;  after  sixty  hours  62*9  per  cent,  and  after  eighty-foor 
hours  53-2  per  cent^ 

Brine  Springs  ^Soolquellen)  bring  to  the  surface  a  solution  in 
which  sodium  chloride  greatly  predominates.  Springs  of  this  kind 
appear  where  beds  of  solid  rock-salt  exist  underneath^  or  where  the 
rocbs  are  impregnated  with  the  mineral  Most  of  the  brines  worked 
as  sources  of  scut  are  derived  from  artificial  borings  into  saliferous 
rocks.  Those  of  Cheshire  in  England,  the  Scdzkammergut  in 
Austria,  Bex  in  Switzerland,  &c.,  have  long  been  well  known.  Some 
of  the  English  brines  contain  about  one  per  cent  of  salts,  of  which 
chloride  of  sodium  may  range  from  a  half  to  three-fourths  or  more. 
Other  brines,  however,  yield  a  far  larger  amount;  one  at  Clemens- 
hall,  Wurtemberg,  gave  upwards  of  2i6  per  cent  of  salts,  of  whidi 
almost  the  whole  was  chloride  of  sodium.  The  other  substances 
contained  in  solution  in  the  water  of  brine  springs  are  chlorides  of 
potassium,  magnesium,  and  calcium ;  sulphates  of  calcium  and  lees 
frequently  of  sodium,  potassium,  magnesium,  barium,  strontium,  or 
iduminium ;  silica ;  compounds  of  iodine  and  fluorine ;  with  phos- 
phates, arseniates,  borates,  nitrates,  organic  matter,  carbon  diotide, 
sulphuretted  hydrogen,  marsh  gas,  and  nitrogen.' 

>  JommalJSr  FrakL  Chem.  bdv.  86S.  quoted  bj  Bolh,  or.  e»e.  i.  p.  565. 
«  Both,  C%m,  G^oL  L  p.  4i2.    BIm^o^,  Ckem  CM.JL 
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Meddcinal  Springs^  a  yagne  term  applied  to  mineral  springs 
which  have  or  are  believed  to  have  curative  effects  in  dinerent 
diseases.  Medical  men  recognize  various  qualities,  distinguished  by 
the  particular  substance  most  conspicuous  in  each  variety  of  water — 
as  Alkaline  Waters,  containing  lime  or  soda  and  carbcmic  acid,  as 
those  of  Vichy  or  Saratoga ;  Bitter  Wafers,  with  sulphate  of  magnesia 
and  soda — Sedlitz,  Kissingen ;  8aU  or  Mv/riated  Waters,  with  common 
salt  as  the  leading  mineral  constituent — ^Wiesbaden,  Cheltenham ; 
Earthy  Waters,  lime,  either  a  sulphate  or  carbonate,  being  the  most 
markra  ingredient — Bath,  Lucca ;  Stdphwrom  Waters,  with  sulphur 
as  sulphuretted  hydrogen  and  in  sulphides — ^Aix-la-Chapelle,  Harro- 
gate. Some  of  these  medicinal  springs  are  thermal  waters.  Even 
where  no  longer  warm,  the  water  may  have  acquired  its  peculiar  medi- 
cinal characters  at  a  great  depth,  and  therefore  under  the  influence  of 
increased  temperature  and  pressure.  Sulphur  springs  are  sometimes 
warm,  but  also  occur  abunaantly  cold,  where  the  water  rises  through 
rocks  containing  decomposing  sulphides  and  organic  matter.  Sul- 
phates are  there  first  formed,  which  by  the  reducing  effect  of  the 
organic  matter  are  decomposed,  with  the  resultant  formation  of 
SQiphuretted  hydrogen  (p.  64).  In  some  eases  sulphuretted 
hydrogen  or  sulphurous  acid  is  oxidized  into  sulphuric  acid,  which 
lemains  free  in  tne  water.^ 

Oil  Springs. — Petroleum  is  sometimes  brought  up  in  drops  floating 
m  spring-water  (St.  Catherine's  near  Edinbur^).  in  many  countries 
it  eomes  up  by  itself  or  mingled  with  inflammable  gases.  Reference 
has  already  (p.  173)  been  made  to  the  abundance  of  this  product  in 
N(^h  America*  In  western  Pennsylvania  some  oil-wells  have 
yielded  as  much  as  2000  to  3000  barrels  of  oil  per  day.  That  the  oil, 
which  is  specially  confined  to  particular  layers  of  rock,  arises  from 
the  alteration  of  organic  substances  embedaed  in  the  rocks  of  the 
cmst,  ean  hardly  be  doubted,  but  no  satisfactory  explanation  has  been 
given  of  the  probable  nature  and  distribution  of  the  organisms  which 
yielded  the  oil. 

Besults  of  the  Chemical  Action  of  Underground 
Water. — ^Three  remarkable  results  of  the  chemical  operations  of 
underground  water  are,  Ist :  The  internal  composition  and  minute 
structure  of  rocks  are  altered.  2nd :  Enormous  quantities  of  mineral 
matter  are  carried  up  to  the  sur&ce,  where  they  are  partly  deposited 
in  visible  form,  and  partly  conveyed  by  brooks  and  rivers  to  the  sea, 
3rd:  As  a  consequence  of  this  transport,  subterranean  tunnels, 
passa^,  caverns,  grottoes,  and  other  cavities  of  many  varied  shapes 
and  (Umensions  are  formed. 

1.  Alteration  of  Bocks, — The  four  processes  of  oxidation,  deoxida- 
tion,  solution,  and  hydration,  described  (p.  331)  as  carried  on  above 
ground  by  rain,  are  likewise  in  progress  on  a  great  scale  underneath. 
Since  the  permeability  of  subterranean  rocks  permits  water  to  find 
its  way  thK>ugh  their  pores  as  well  as  along  their  divisional  planes, 

*  Both,  op.  tit.  i  pp.  444, 452. 
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chemical  changCB,  of  a  kind  like  those  in  ordinary  weathering,  take 
place  in  them,  and  at  some  depth  may  be  intensified  bj  internal 
terrestrial  heat  This  subterranean  alteration  of  rocks  may  con- 
sist in  the  mere  addition  of  substances  introduced  in  chemical 
solution;  or  in  the  simple  solution  and  removal  of  some  one  or 
more  constituents ;  or  in  a  complex  process  of  removal  and  replace- 
ment wherein  the  original  substance  of  a  rock  is  molecule  by 
molecule  removed,  while  new  ingredients  are  simultaneously  or 
afterwards  substituted.  Li  tracing  these  alterations  of  rocks  the 
study  of  pseudomorphs  becomes  important,  for  we  therebv  learn 
what  was  the  original  composition  of  the  mineral  or  rock.  The  mere 
existence  of  a  pseudomorph  points  to  the  removal  and  substitution 
of  mineral  matter  by  permeating  water.^ 

The  extent  to  which  such  mineral  replacement  has  been  carried 
among  rocks  of   the   most  varied   structure   and    composition  is 

!>robably  best  shown  by  the  abundant  petrified  organic  forms  in 
brmations  of  aU  geological  i^es.  The  mmutest  structures  of  plants 
and  animals  have  been,  particle  by  particle,  removed  and  replaced 
by  mineral  matter  introduced  in  solution,  and  this  so  imperceptibly 
and  yet  thoroughly,  that  even  minutiae  of  organization,  requiring  a 
high  power  of  the  microscope  for  their  investigation,  have  been 

preserved  without  distortion  or  dis- 
arrangement. From  this  perfect  con- 
dition of  preservation  gradations  may 
be  traced  until  the  organic  structure 
is  gradually  lost  amid  the  crystalline 
or  amorphous  infiltrated  substance 
TFig.  99).  The  most  important  petri- 
fying media  in  nature  are  calcium 
carbonate,  silica,  and  disulphide  of 
iron  Tmarcasite  more  usually  than 
pyrite)  (see  Book  V.). 

Another  proof  of  the  alteration 
__  which  superficial  rocks  have  suffered 

w,«   oQ    w.^a-rT   ««^«   -o.>w  «««.   ^^m  pormeating  water  is  supplied  by 
Via.  99. — Fossil  wood    fbom  tuff,   .i        f      j  ^      •        *      v'a.        j 

BuBNTisLAND,  SHOWING  PABTs  FKB-  tQC  aDunoance  01  voms  of  caicite  and 
FBOTLT  FBE8SBYBD  AND  PABTS  D£-  Quartz  by  which  thcy  aro  traversed, 
STBOTED  BY  Obtstallization  OF  ^  muierals  haviuff  been  intro- 
Caloitb,  Magnified  10  Diambtebs.   '-"'^^    *"*"^«  "*f  ^o-,^^^    ***viv- 

duced  in  solution  and  often  from  the 
decomposition  of  the  enclosing  rock.  As  Bischof  pointed  out,  a  drop 
of  acid  seldom  fails  to  give  effervescence  on  pieces  of  crystalline 
rock  which  have  been  taken  even  at  some  littie  depth  from  the 
surface,  thus  indicating  the  decomposition  and  deposit  caused  by 
permeating  water.    As  already  stated,  one  of  the  most  remarkable 

*  It  is  not  needful  to  take  aooonnt  here  of  such  exceptional  oases  as  the  artifloial 
conreraion  of  aragonite  into  caicite  by  exposure  to  a  hign  temperature.  In  suoh  para- 
morohs  the  change  is  a  molecular  or  crystallir  .•  rather  than  a  chemical  ono,  though  hovr 
H  takes  place  is  still  unknown. 
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results  of  the  application  of  the  microscope  to  geological  inquiry  is 
the  extent  to  vmich  it  has  revealed  these  all-pervading  alterations 
even  in  what  might  be  supposed  to  be  perfectly  fresh  rocks.  Among 
the  silicates  the  most  varied  and  complex  interchanges  have  been 
effected.  Besides  the  production  of  calcium  carbonate  by  the  de- 
composition of  such  minerals  as  the  lime-felspars,  the  series  of 
hydrous  green  ferruginous  silicates  (delessite,  saponite,  chlorite, 
serpentine,  &c.)y  so  commonly  met  with  in  crystalline  rocks,  are 
Qsoally  witnesses  of  the  influence  of  infiltrating  water.  The  changes 
visible  in  the  olivine  of  basalt  (p.  77)  offer  instructive  lessons  of  the 
progress  of  transformation.  One  further  example  may  be  cited  as 
supplied  by  the  zeolites,  so  common  in  cavities  and  veins  among 
many  ancient  volcanic  and  other  crystalline  rocks.  These  appear  to 
hare  commonly  resulted  from  the  decomposition  of  felspars  or  allied 
mmerals.  Their  mode  of  formation  is  indicated  by  the  observation 
abeady  cited  (p.  300),  that  Boman  masonry  at  the  baths  of  Plombi^res 
has  in  the  course  of  centuries  been  so  decomposed  by  the  slow  per- 
colation of  alkaline  water  at  a  temperature  not  exceeding  50^  C. 
(122°  Pahr.)  under  ordinary  atmospheric  pressure  that  various 
leolitic  silicates  have  been  developed  in  the  brick.^ 

2.  Chemical  Deposits. — Of  these  by  far  the  most  abundant  is 
calcium  carbonate.  The  way  in  which  this  substance  is  removed  and 
re-deposited  by  permeating  water  can  be  instructively  studied  in 
the  formation  of  the  familiar  UaJcietites  and  stalagmites  beneath  damp 
arches  and  in  limestone  caves.  As  each  drop  gathers  on  the  roof  and 
begins  to  evaporate  and  lose  carbonic  acid,  the  excess  of  carbonate 
which  it  can  no  longer  retain  is  deposited  round  its  edges  as  a  ring. 
Drop  succeeding  drop  lengthens  the 
ori^nal  ring  into  a  long  pendent  tube, 
which,  by  subsequent  deposit  inside, 
becomes  a  solid  stalk,  and  on  reaching 
the  floor  may  thicken  into  a  massive 
pillar.  At  first  the  calcareous  sub- 
stance is  soft,  and  when  dry  pulveru- 
lent^ but  it  becomes  by  degrees  crys- 
talline. Each  stalactite  is  found  to 
possess  an  internal  radiating  fibrous 
structure,  the  fibres  passing  across 
the  concentric  zones  of  growth.  The 
stalactite  remains  saturated  with  cal- 
careous water,  and  the  divergent  Fio.  lOO.— Sbotion  of  part  of  a 
prisms  are  developed  and  continued  ^ii^"'  Magnified  lo 
as  radii  from  the  centre  of  the  stalk. 

This  process  may  be  completed  within  a  short  period.  At  the 
North  Bridge,  Edinburgh,  for  example,  which  was  erected  in  1772, 
^lactites  were  obtained  in  1874,  some  of  which  measure  an  inch  and 
a  half  in  diameter  and  possess  the  characteristic  radiating  structure. 

»  Daabr^,  "  GAilogie  Exp^rimentale,"  179,  et  teq. 
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It  is  doubtless  by  an  analogous  process  that  limestones,  originally 
composed  of  the  debris  of  calcareous  organisms  and  interstratified 
among  perfectly  unaltered  shales  and  sandstones,  have  acquired  a 
crystalline  stracture.^ 

Calcareous  springs  deposit  abundantly  a  precipitate  of  carbonate 
of  lime  upon  mosses,  twi^s,  leares,  stones  and  other  objects.  The 
precipitate  takes  place  when  from  any  cause  the  water  parts  with 
carbonic  acid.  This  may  arise  from  mere  evaporation,  but  is  pro- 
bably mainly  caused  by  the  action  of  bog  mosses  and  water  plants, 
which,  decomposing  the  carbonic  acid,  cause  a  crust  of  carbonate  of 
lime  to  be  deposited  round  their  stems  and  branches  (jM)siea,  p.  461). 
Hence  calcareous  springs  are  popularly  called  **  petrifying,'*  though 
they  merely  encrust  organic  bodies  and  do  not  conrert  them  into 
stone.  Calc-sinter,  as  this  precipitate  is  called,  ma^  be  found  in 
course  of  formation  in  most  limesix)ne  districts,  sometimes  in  masses 
large  enough  to  form  bills  and  compact  enough  to  furnish  excell^t 
building  stone.  The  travertine  of  Tuscany  is  deposited  at  the  Baths 
of  San  Yignone  at  the  rate  of  six  inches  a  year,  at  San  Filippo 
one  foot  in  four  months.  At  the  latter  locahty  it  has  been  piled 
up  to  a  depth  of  at  least  250  feet,  forming  a  hill  a  mile  and  a 
quarter  long  and  the  third  of  a  mile  broad.' 

Chalyb^te  springs  give  rise  to  a  deposit  of  hydrous  peroxide 
of  iron.  This  has  already  been  referred  to  as  a  yellow  and  brown 
deposit  along  the  channels  of  the  water.  But  in  undrained  districts 
of  temperate  latitudes  in  Northern  Europe  and  America  much  iron 
is  also  deposited  beneath  soil  which  rests  on  a  retentive  subsop. 
When  the  descending  water  is  arrested  on  this  subsoil  the  iron,  in 
solution  as  organic  salts  that  oxidize  into  ferrous  carbonate,  is 
gradually  converted  into  the  insoluble  hydrous  ferric  oxide  which  is 
precipitated  and  forms  a  dark  ferruginous  layer  known  to  Scottidi 
farmers  as  '^moorband  pan.**  So  effectually  does  this  layer  inteirant 
the  drainage  that  the  soil  remains  permanently  damp  and  unfertile. 
But  when  the  ^  pan  **  is  broken  up  and  spread  over  the  surface  it 
quickly  disintegrates,  and  improves  the  soil,  which  can  then  he 
properly  drained  (jpostea^  p.  463). 

Siliceous  springs  form  important  masses  of  various  sinters  round 
the  point  of  outflow.  The  basins  and  funnels  of  geysers  have 
alreaay  been  described  (p.  236).  One  of  the  sinter-beds  in  the  Iceland 
geyser  region  is  said  to  be  two  leagues  lonff,  a  quarter  of  a  league 
wide,  and  a  hundred  feet  thick.  Enormous  beds  of  similar  matenal 
have  been  formed  in  the  Yellowstone  geyser  region.  Such  accumu- 
lations point  to  proximity  to  volcanic  centres,  or  at  least  to  the 
escape  of  hot  water  to  the  surface. 

>  Sorby,  AddreM  to  Geologiod  Society,  Q.  /.  G^oL  Soe,  1879,  p.  42,  d  #07.  Th« 
finely  fibroiu  structore  seen  in  caloedony  under  the  microeoope  with  poUriied  ligtt 
passes  in  a  umUar  way  through  the  bands  of  growth  of  pebbles. 

*  LyeU,  ''Princifaes,''  i  p.  402.  The  student  wiU  find  much  detail  regarding  the 
abstraction  and  deposit  of  carbonate  of  lime  by  tubtenanean  water  in  a  paper  by  Senft. 
^  Die  Wanderungen  and  Wandelungen  det  kohlensaoren  Kalkea,**  Z  DetMi  M* 
Gt$,  xiii.pw263. 
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3.  Formation  of  suiUerranean  channels  and  caverns. — ^Measare- 
meDt  of  the  yearly  amount  of  mineral  matter  brought  up  to  the 
surface  by  a  spring  furnishes  an  approximate  idea  of  the  extent  to 
which  underground  rocks  undergo  continual  loss  of  substance.  The 
warm  springs  of  Bath,  for  example,  with  a  mean  temperature  of 
120^  Fahr.y  are  impregnated  with  sulphates  of  lime  and  soda,  and 
chlorides  of  sodium  and  magnesium.  Professor  Bamsay  has  estimated 
their  annual  discharge  of  mineral  matter  to  be  equal  to  a  square 
oolumn  9  feet  in  <£ameter  and  140  feet  in  height  Again,  the 
St  Lawrence  spring  at  Loueche  (Leuk)  discharges  every  year  1620 
cabic  metres  (2127  cubic  yards)  of  dissolyea  sulphate  of  lime, 
equivalent  to  the  lowering  of  a  bed  of  gypsum  one  square  kilometre 
(0*3861  square  mile)  in  extent,  more  than  16  decimetres  (upwards  of 
five  feet)  in  a  century.^ 

By  prolonged  abstraction  of  this  nature  subterranean  tunnels, 
channels,  and  caverns  have  been  formed.  In  re^ons  abounding  in 
rock-salt  deposits,  the  result  of  the  solution  and  removal  of  these 
by  underground  water  is  visible  in  local  sinkings  of  the  ground  and 
the  consequent  formation  of  pools  and  lakes.  The  landslips  and  meres 
of  Cheshire  are  illustrations  of  this  process.  In  calcareous  districts, 
however,  more  striking  effects  are  observable.  The  ground  may  there 
be  found  drilled  with  vertical  cavities  (swallouhholes,  sinks,  delinas)  by 
the  solution  of  the  rock  along  lines  of  joint  that  serye  as  channels  for 


Fio.  101. — Sbotioh  of  a  Limbstons  Gatebn  (B,). 

I  Ij  A  limesidue  hill,  perforated  by  a  caTeni  (h  V)  which  oommunicateB  with  the 
Tallsj  (p)  by  an  opening  (a).  The  bottom  of  the  cavem  is  corered  with  oeaifeioui 
loam,  abore  which  lies  a  layer  of  stalagmite  {d  d),  while  stalactites  hang  from  the 
rooC  and  by  joining  the  floor  separate  the  cavem  into  two  chambers. 

descending  rain-water.  Surface  drainage,  thus  intercepted,  passes  at 
once  underground,  where,  in  course  of  time,  an  elaborate  system  of 
spacious  tunnels  and  chambers  may  be  dissolved  out  of  the  solid 
rock.  Such  has  been  the  origin  of  the  Peak  caverns  of  Derbyshire, 
the  intricate  grottoes  of  Antiparos  and  Adelsberg,  and  the  vast  laby- 
rinths of  the  Mammoth  Cave  of  Kentucky.  In  the  course  of  time 
the  underground  rivers  open  out  new  courses,  and  leave  their  old 
ones  dry,  as  the  Poik  has  done  at  Adelsberg.  Bv  the  falling  in  of 
the  roou  of  caverns  a  communication  is  established  with  the  surface, 

»  S.  Beclus.    ••  La  Terre,"  I  p.  340. 
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and  land-sbellfl  and  land-animals  fall  into  the  holee,  or  the  caTens 
are  naed  as  dens  by  beasts  of  prey,  bo  that  the  renaains  of  torrestrul 
animals  are  preserved  under  the  stalagmite.  Not  unfrequenUy, 
caverns,  once  open  and  freelv  used  as  haunts  of  camivora,  have  1^ 
their  Entrances  closed  by  the  fall  of  debris,  as  at  (i  in  Fig.  102, 


Fio.  102.— Sbotion  or  a  Vnarrom  Catibh  with  fauxh-di  Boor  A«t» 

OOHOEALXD  EmTBAXOC  (B.)> 

where  also  the  partial  filling  up  of  a  cavern  (a  a)  fW)m  tiie  ame 
cause  is  seen.  Where  the  collapse  of  a  cavern  roof  takes  pi»B 
below  a  watercourse  the  stream  is  engulfed.    In  this  way  brooB 


Fio.  108.— Skwiom  or  th»  Ohaxkil  or  ah  Uhdbbowcxd  Sim** 

and  rivers  suddenly  disappear  from  the  surface,  and  after  a  l*"*"  / 
terranean  course,  issue  again  in  a  totally  different  sorboe  •»» 
river-diaiijage  from  that  in  which  they  took  their  rise,  aaasomew"" 
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with  Tolnme  enongh  to  be  navigable  almost  up  to  their  outflow. 
In  snch  ciicnmstances  lakes,  either  temporary,  like  the  Lake 
Zirknitz  in  Camiola,  or  perennial,  may  be  formed  over  the  sites 
of  the  broken-in  caverns ;  and  valleys  may  thus  be  deepened,  or 
perhaps  even  formed*  Mud,  sand,  and  gravel,  with  the  remains  of 
plants  and  aniniAlRj  are  swept  below  ground,  and  sometimes  accumu- 
Lte  in  deposits  of  loam  and  breccia  so  often  found  in  osdferous 
caverns  (Figs.  101  and  102). 

n.  Mechanical  Action. — In  its  passage  along  fissures  and 
channels,  underground  water  not  merely  dissolves  and  removes 
materials  in  solution,  it  likewise  loosens  mier  particles  and  carries 
them  along  in  mechanical  suspension.  This  removal  of  material 
sometimeB  produces  remarkable  surface  changes  along  the  side  of 
steep  dopes  or  clifib.  A  thin  porous  layer,  such  as  loose  sand  or  ill- 
compacted  sandstone,  lying  between  more  impervious  rocks,  such  as 
masses  of  day  or  limestone,  and  sloping  down  from  higher  ground, 
so  as  to  come  out  to  the  surface  near  the  base  of  a  line  of  abrupt  cliff, 
serves  as  a  channel  for  underground  water  which  issues  in  sprmgs  or 
in  a  more  general  oozing  at  the  foot  of  the  declivity.  Unoer  these 
drcumstances  the  support  of  the  overlying  mass  of  rock  is  apt  to  be 
loosened;  for  the  water  not  only  removes  piecemeal  the  sandy 
kyer  on  which  that  overlying  mass  rests,  bat  as  it  were  lubricates 
the  rock  underneath.  Oonsequently  at  intervals  portions  of  the 
upper  rook  break  off  and  slide  down  into  the  valley  or  plain  below, 
rach  dislocations  are  known  as  landslips. 

Along  sea-coasts  and  river  valleys,  at  the  base  of  cliffs  subject  to 
continual  or  frequent  removal  of  material  by  running  water,  the 
phenomena  of  landslips  are  best  seen.  The  coast  line  of  the  British 
Islands  abounds  with  instructive  examples.  On  the  shores  of  Dorset- 
shire, for  instance  (Fig.  104),  impervious  Liassic  clays  (a)  are  over- 


Fj6. 104.— Sktron  or  Landslip  vobxino  UnDEBOLnrp,  Pinhay,  Ltms-Biqu  (B,), 

laid  bv  porous  greensand  (5),  above  which  lies  chalk  (e)  capped  with 
gravel  (d).  In  consequence  of  tiie  percolation  of  water  through 
file  sanay  zone  (b)  the  support  of  the  overlying  mass  is  destroyed, 
and  hence  from  time  to  time  segments  are  launched  down  towards 
the  sea.  In  this  waj  a  confused  me<Uey  of  mounds  and  hollows  (/) 
fonns  a  characteristic  strip  of  ground  termed  the  "Undercliff "  on 
this  and  other  parts  of  the  English  coasts.  This  recession  of  the 
upper  or  inlana  cliff  through  the  operation  of  springs  is  here  more 
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rapid  than  tiiat  of  the  lower  cliff  (g)  washed  by  the  sea.^  Li  the 
year  1839,  after  a  seaaon  of  wet  weather,  a  maas  of  chalk  on  the 
aame  coast  slipped  oyer  a  bed  of  day  into  the  sea,  leaying  a  rent 
three-quarters  of  a  mile  long,  150  feet  deep,  and  210  feet  wide. 
The  shifted  mass,  bearing  with  it  houses,  roads,  and  fields,  was 
cracked,  broken,  and  tilted  in  yarions  directions,  and  was  thus 
prepared  for  farther  attack  and  remoyal  by  ihe  wayes.'  Of  the 
antiquity  of  many  landslips  interesting  proof  is  supplied  by  the 
ancient  buildings  occasionally  to  be  seen  upon  the  fallen  masses. 
There  would  seem  in  these  cases  to  haye  been  comparatiyely  little 
alteration  of  the  scenery  for  many  centuries.  The  undercUff  of  the 
Isle  of  Wight,  the  cliSs  west  of  Brandon  Head,  county  Kerry,  the 
basalt  escarpm^its  of  Antrim,  and  the  edges  of  the  great  yolcanic 
plateau  of  Mull,  Skye,  and  Baasay,  furnish  illustrations  of  such  old 
and  prehistoric  landslips. 

On  a  more  imposing  scale,  and  interesting  from  its  melancholy 
circumstances  being  so  well  known,  was  the  celebrated  fiill  of  the 
Bossberg,  a  mountain  (a,  Fi^.  105)  situated  behind  the  Bighi  in 

S  witzerlimd,  rising  to  a  height  of  more  than 
5000  feet  aboye  the  sea.  After  the  rainy 
summer  of  1806,  a  large  part  of  one  aide 
of  the  mountain,  consisting  of  steeply 
sloping  beds  of  hard  red  sandstone  and 
conglomerate  (b),  resting  upon  soft  sandy 
Fio.l05.-SioTioHnxrBTBATOo  layers  (e  e\  gave  way.  The  lubrication 
TH.  Pall  OF  TH.  BoeBBHio.  of  the  low^  Sirface  by  the  water  haying 
loosened  the  cohesion  of  the  oyerlying  mass,  thousands  of  tons  of 
solid  rock,  set  loose  by  mere  gravitation,  suddenly  swept  across  the 
valley  of  Goldau  (d),  burying  about  a  square  German  mile  of  fertile 
land,  four  villages  containing  330  cottages  and  outhouses,  with  457 
inhabitants.'  in  1855  a  mass  of  debris,  3500  feet  long,  1000  feet 
wide,  and  600  feet  high,  slid  into  the  valley  of  the  Tiber,  which, 
dammed  back  by  the  obstruction,  overflowed  the  village  of  Ban 
Stefano  to  a  depth  of  50  feet,  until  drained  off  by  a  tunnel. 

§  3.   Brooks  and  Bivers. 

These  will  be  considered  under  four  aspects : — (1)  their  sources  of 
supply,  (2)  their  discharge,  (3)  their  flow,  and  (4)  their  geological 
action. 

I.  SoxurceB  of  Supply. — Bivers,  as  the  natural  drains  of  a  land 
surface,  carry  out  to  sea  the  surplus  water  after  evaporation,  together 
with  a  vast  amount  of  material  worn  off  the  hmd.    Their  liquid 

>  De  la  Beeche  ^  Geol.  Obserrer,"  p.  22. 

*  Gonybeare  and  Baokland's  Axmouth  Landdip,  London,  1840.  Ljell, '*  Prindplee," 
i  p.  536. 

*  Zay,  **  Goldau  nnd  seine  Gegend.*'  A  small  landalip  took  place  at  tiie  nmo 
locality  in  August,  1874.  Baltzer,  Neue$  Jakrb,  1875,  p.  15.  tJpwards  of  150  dectmotife 
landsUps  ba^e  been  chronicled  in  Switzerland.    Biedl,  Neue$  Jahrh.  1877,  p.  916. 
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contents  are  derived  partly  from  rain  (indndin^  mist  and  dew)  and 
melted  snow,  partly  from  springs.  In  a  vast  riTor  system  like  that 
ci  the  Mississippi,  where  the  area  of  drainage  is  so  extensiye  as  to 
emlnaoe  different  climates  and  yarieties  of  rainfall,  the  amount  of 
discharge,  being  in  a  great  measure  independent  of  local  influences 
of  weather,  remains  tolerably  uniform  or  is  subject  to  regular 
periodically  recurrent  yariations.  In  smaller  riyers,  such  as  those 
of  Britain,  whose  basins  lie  in  a  region  haying  the  same  general 
features  of  climate,  the  quantity  of  water  is  regulated  by  the  local 
rainfidL  A  wet  season  swells  the  streams,  a  dry  one  diminishes 
ihem.  Hence,  in  estimating  and  comparing  the  geological  work 
done  by  different  rivers,  we  must  take  into  account  whether  or  not 
the  sources  of  supply  are  liable  to  occasional  great  aumientation  or 
diminution.  In  some  rivers  there  is  a  more  or  less  regularly 
recurring  season  of  flood  followed  by  one  of  drought.  The  Nile,  fed 
by  the  spring  rains  of  Abyssinia,  floods  the  plains  of  Egypt  eyery 
summer,  rising  in  Upper  Egypt  from  30  to  35  feet,  at  Cairo  23  to 
24  feet,  and  in  the  seaward  part  of  the  delta  about  4  feet.  The 
Granges  and  its  adjuncts  begin  to  rise  eyery  April,  and  continue 
domg  so  until  the  plains  are  converted  into  a  yast  lake  32  feet 
deep.  In  other  nyers  sudden  and  heavy  rains  occurring  at 
irregular  intervfds  swell  the  usual  yolume  of  water  and  giye  rise  to 
floods,  freshets  or  '*  spates."  This  is  markedly  the  case  with  the 
rivers  of  Western  Europe.  Thus  the  Bhone  rises  llJ^  feet  at  Lyons 
and  23  feet  at  Ayignon ;  the  Sadne  from  20  to  24^  feet.  In  the  middle 
of  March  1876,  the  Seine  rose  20  feet  at  Paris,  the  Oise  17  feet  near 
Compile,  the  Mame  14  feet  at  Damery.  The  Ard^he  at 
Gkmmier  exceeded  a  rise  of  69  feet  during  the  inundations  of  1827. 
The  causes  of  floods,  not  only  as  regards  meteorological  conditions, 
but  in  respect  to  the  ecological  structure  of  the  ground  in  which 
the  floods  are  produced,  merit  the  careful  attention  of  the  geological 
stadent.  He  may  occasionally  obserye  that,  other  things  bemg  equal, 
the  yolume  of  a  flood  is  less  in  proportion  to  the  permeability  of  a 
hydrc^raphic  basin  and  the  consequent  ease  with  which  rain  can 
iiok  beneath  the  surface. 

Were  rivers  entirely  dependent  upon  direct  supplies  of  rain,  they 
woold  only  flow  in  rainy  seasons  and  disappear  m  drought.  This 
does  not  happen,  because  they  derive  much  of  their  water  not 
directly  from  rain,  but  indirectly  through  the  intermediate  agency  of 
springs.  Hence  they  continue  to  flow  eyen  in  yery  dry  weather, 
because,  though  the  sunerficial  supplies  have  been  exhausted,  the 
underground  sources  stul  continue  available.  In  a  long  drought, 
however,  the  latter  begin  to  fail,  the  surface  springs  ceasing  first,  and 
gradually  drying  up  in  their  order  of  depth,  until  at  last  only  deep- 
seated  springs  furnish  a  perhaps  daily  diminishing  quantity  of  water. 
Though  it  is  a  matter  of  great  economic  as  well  as  scientific  interest 
to  know  how  long  any  river  would  continue  to  yield  a  certain 
amount  of  water  during   a  prolonged   drought,  no   rule   seems 
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possible  for  a  |;enera11y  applicable  calculation,  erery  area  baying  its 
own  peculiarities  of  underground  drainage.  The  river  Wandle,  for 
instance,  drains  an  area  of  51  square  miles  of  the  Chalk  Downs  in 
tbe  south-east  of  England.  For  eighteen  months,  from  May  1858 
to  October  1859,  as  tested  by  •gauging,  there  was  very  little 
absorption  of  rainfall  over  the  diainage  oasin,  and  yet  the  mmiroum 
recorded  flow  of  the  Wandle  was  10,000,000  gallons  a  day,  which 
represents  not  more  than  *4090  inch  of  rain  absorbed  on  the  51 
square  miles  of  chalk.  The  rock  is  so  saturated  that  it  can  ccmtinae 
to  supply  a  large  yield  of  water  for  eighteen  months  after  it  (has 
ceasea  to  receive  supplies  from  the  surfiEtce,  or  at  least  has  received 
only  very  much  diminished  supplies.^ 

IL  Discharge. — What  raoportion  of  the  total  rainfall  is  dis- 
charged by  rivers  is  another  question  of  great  geological  and 
industrial  interest.  I^rom  the  very  moment  that  water  takes  visible 
form,  as  mist,  dond,  dew,  rain,  snow,  or  hail,  it  is  subject  to 
evaporation.  When  it  reaches  the  ground,  or  flows  off  into  brooks, 
rivers,  lakes,  or  the  sea,  it  undergoes  continual  diminution  from  the 
same  cause.  Hence  in  regions  where  rivers  receive  no  tributaries, 
they  grow  smaller  in  volume  as  they  move  onward,  till  in  dry  hot 
climates  they  even  disappear.  Apart  from  temperature,  the  amount 
of  evaporation  is  largely  regulatea  by  the  nature  of  the  surface  from 
which  it  tekes  place,  one  soil  or  rock  differing  from  another,  and  all 
of  them  probably  from  a  surface  of  water.  Full  and  detailed 
observations  are  still  wanting  for  determining  the  relation  of 
evaporation  te  rainfall  and  river  discharge.'  During  severe  storms 
of  rain,  the  water  discharged  over  the  land  to  a  very  large  extent 
finds  its  way  at  once  into  brooks  and  rivers,  by  which  it  reaches  the 
sea.  Mr.  I)avid  Stevenson  remarks  tha^  according  to  different 
observations,  the  amoimt  carried  off  in  floods  varies  from  1  to  100 
cubic  feet  per  minute  per  acre.^  In  estimating  and  comparing, 
therefore,  the  ratios  between  rainfall  and  river  discharge  in  different 
regions,  re^d  must  be  had  to  the  nature  of  the  rainfall,  whether  it 
is  crowded  into  a  rainy  season  or  difiused  over  the  year.  Thus  though 
floods  cannot  be  deemed  exceptional  phenomena,  forming  as  they  ao 

>  Lucas,  Horizonial  WeUa,  London,  1874,  pp.  40,  41.  See  alBO  Braithwaite,  ^  On  tbe 
Rise  and  FaU  of  the  Wandle,"  MintUes  Proe,  Intt,  C.K,  xx. 

'  In  the  present  state  of  onr  information  it  seems  almost  useless  to  state  any  of  the 
results  already  obtained,  so  widely  discrepant  and  irreconcilable  are  they.  In  some 
cases  the  evaporation  is  given  as  usually  three  times  the  rainfall ;  and  that  evaponticio 
always  exceeded  rainfall  was  for  many  years  the  belief  among  the  French  hydraolie 
eng^eers.  (See  Annates  det  PonU  et  Chaussies,  1850,  p.  883.)  Obeeryations  on  a  larger 
scale,  and  with  greater  precautions  against  the  undue  heating  of  the  evapcffator,  have 
since  shown,  as  mi^ht  have  been  anticipated,  that  as  a  rule,  save  in  exceptionally  dry 
years,  evaporation  is  lower  than  rainfalL  As  the  average  of  ten  years  from  Ifi^  to 
1869,  Mr.  Greaves  found  that  at  Lea  Bridge  the  evaporation  from  a  sur&oe  of  water  was 
20-946,  while  the  rainfall  was  25*534  (Symons's  BHtish  BainfaU  lor  1869,  p.  162>  Bot 
we  need  an  accumulation  of  observations,  taken  in  many  different  situalions  and  ex- 
posures, in  different  rocks  and  soils,  and  at  various  heights  above  the  sea.  (For  a  notios 
of  a  method  of  trying  the  evaporation  from  soil,  see  British  BainfdJl,  1872,  p.  206.) 

'  **  Bedamation  and  Proteotion  of  Agricultural  Land,"  £din.,  1874|  p.  16. 
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a  part  of  the  regular  systetii  of  water  circulation  over  the  land,  they 
do  Dot  represent  the  ordinary  proportions  between  rainMl  and  river 
dttcharge  in  such  a  climate  as  that  of  Britain,  where  the  rainfall 
is  spread  more  or  less  equally  throughout  the  year.  According  to 
Beardmore's  table,^  the  Tbames  at  Staines  has  a  mean  annual  discharge 
of  32*40  cubic  inches  per  minute  per  square  mile,  e^ual  to  a  depth 
of  7*31  inches  of  rainiiBkll  run  off,  or  less  than  a  third  of  the  total 
niinfidl.  The  most  carefully  collected  data  at  present  available  are 
probably  those  given  by  Humphreys  and  Abbot  for  the  basin  of  the 
MisBiasippi  and  its  tributaries  as  shown  in  the  subjoined  table : — ^ 

Ratio  of  DnOnage 
to  BalnfkU. 

OhioBiTer 0-24 

Hiflaonri  River 0*15 

Upper  Misosflippi  Biver 0*24 

Small  trilmtarifiB 0'90 

Ariouiaaa  and  White  River 0*15 

Bed  Biver 0*20 

Tazoo  Biver 0*90 

81  Frandfl  Biver 0*90 

Entlze  Biianflsippi,  exclusive  of  Bed  Biver        .        .0*25 

In  the  Mississippi  basin  one  fourth  of  the  rain&ll  is  thus  discharged 
into  the  sea.  The  Elbe,  from  the  beginning  of  July  1871  to  the  end 
of  Jane  1872,  was  estimated  to  carry  off  at  most  a  quarter  of  the 
rmbll  firom  Bohemia.'  The  Seine  at  Paris  appears  to  carry  off 
about  a  third  of  the  rainfall.  In  Great  Britain  from  a  fourth  to  a 
third  part  of  the  rainfall  is  perhaps  carried  out  to  sea  by  streams.^ 

In  oomparii^  also  the  discharges  of  different  rivers  regard  should 
be  paid  to  the  iniBuence  of  geolo^cal  structure,  and  particularly  of 
tiie  permeability  or  impermeability  of  the  rocks  as  regulating  the 
supply  of  i^ater  to  the  rivers.  Thus  the  Thames,  from  a  catchment 
baam  of  3670  square  miles  and  with  a  rainfall  of  27  inches,  has  a 
mean  annual  discharge  at  Kingston  of  1250  millions  of  gallons  a 
day,  and  rather  more  than  688  millions  of  gallons  in  summer.  The 
Severn,  on  the  other  hand,  which  gathers  its  supplies  mainly  from 
the  hard,  impervious  slate  rocks  of  Wales,  has  a  drainage  area  above 
Gloucester  of  3890  square  miles,  with  an  average  rainfedl  of  probably 
not  less  than  40  inches.  Yet  its  summer  discharge  does  not  amount 
to  298  millions  of  gallons,  and  its  minimum  smks  as  low  as  100 
millions  of  gallons,  while  tiiat  of  the  Thames  in  the  driest  season 
never  &lls  l^low  350  millions.    In  the  one  case  the  water  is  stored 

'•*Hjdrology,-p.201. 

'  **  ?hyBic8  and  Hydmolics  of  the  BfiBsiflBippi  Biver,"  Washington,  1861,  p.  186. 

'  Verhandl  Oeol  BeiehaantUiU,  Vienna,  1876,  p.  173. 

*  In  mountainoofl  tracts  having  a  large  reinfiBal  and  a  short  descent  to  the  sea,  the 
poportkm  of  water  returned  to  the  sea  must  be  verj  much  greater  than  this.  Mr. 
wiBmsa's  observations  for  seven  years  in  the  Loch  Katrine  district  gave  a  mean  annual 
ninfall  of  87|  inches  at  the  head  of  the  lake,  with  an  outflow  equivalent  to  a  depth  of 
81'70  inches  of  rain  removed  from  the  drainage  basin  of  71}  square  miles.  See  a  recent 
Pfo  by  G^raeve  on  the  qnantitv  of  water  in  German  rivers,  and  on  the  relation  between 
mmfaU  sod  dif^iaige,  Der  CivO-Ingenieurf  1879,  p.  591 ;  Nature^  xxiii.  p.  94. 
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up  within  the  rocks  and  is  dispensed  gndnally ;  in  the  otheri  it  in 
great  measure  rans  off  at  once.^ 

UL  Flow. — Wbile^  in  obedience  to  the  law  of  gravitation,  a  river 
always  flows  from  higher  to  lower  levels,  great  variations  in  the  rate 
and  character  of  its  motion  are  caused  by  inec^nalities  in  the  angle 
of  slope  of  its  channel.  A  vertical  or  steeply  inclined  face  of  rock 
ori^ates  a  waterfall ;  a  rocky  declivity  in  tKe  channel  gives  rise  to 
rapids;  a  flat  plain  allows  the  stream  to  linger  with  a  scarcely 
visible  cnrrent ;  while  a  lake  renders  the  flow  nearly  or  altogether 
imperceptible.  Thus  the  rate  of  flow  is  regolated  m  the  main  by 
the  angle  of  inclination  and  form  of  the  channel,  but  partly  also  by 
the  volume  of  water,  an  increase  of  volume  in  a  narrow  cl^annel  in- 
creasing the  rate  of  motion  even  without  an  increase  of  slope. 

The  course  of  a  great  river  may  be  divided  into  three  parts : — 
1.  The  Mountain  Tracks — where,  amidst  clouds  or  snows,  it  takes  its 
rise  as  a  mere  brook,  and,  fed  by  innumerable  similar  torrents, 
dashes  rapidly  down  the  steep  sides  of  the  mountains,  leaping  from 
crag  to  crag  in  endless  cascades,  and  growing  every  moment  in 
volume,  until  it  enters  lower  ground.  2.  The  Valley  Track. — ^The 
river  now  flows  through  lower  hills  or  undulations,  and  is  found  at 
one  time  in  a  wide  fertile  valley,  then  in  a  dark  gorge,  now  falling 
headlong  in  a  cataract,  now  expanding  into  a  broad  Take.  This  is 
the  part  of  its  career  where  it  assumes  the  most  varied  aspects,  and 
receives  the  largest  tributaries.  3.  The  Plain  Track, — ^Havine 
quitted  the  undulating  region  the  river  finally  emerges  upon  broad 
plains,  probably  wholly,  or  in  great  part,  composed  of  alluvial 
formations  deposited  by  its  own  waters.  Here  winding  sluggishly 
in  wide  curves,  it  eventually  perhaps  bifurcates,  as  it  approaches  the 
sea  and  spreads  through  its  delta,  enclosing  tracts  of  nat  meadow  or 
marsh,  and  finally,  amid  banks  of  mud  and  sand,  passing  out  into 
the  great  ocean.  In  Europe  the  Bhine,  Bhone,  and  Danube ;  in  Ana 
the  Ganges  and  Indus ;  in  America  the  Mississippi  and  Amazon ;  in 
Africa  the  Nile,  illustrate  this  typical  course  of  a  great  river. 

If  we  draw  a  longitudinal  section  of  the  course  of  any  such  river 
from  its  source,  or  l^om  the  highest  peaks  around  that  source  to  its 
mouth  at  the  sea,  we  find  that  the  line  at  first  curves  steeply  from 
the  mountain  crests  down  into  the  valleys,  but  grows  less  and  less 
inclined  through  the  middle  portion,  until  it  finally  can  hardly  be 
distinguished  from  a  horizontal  line.  Though  characteristic  of  great 
rivers,  this  feature  is  not  confined  to  their  courses,  but  belongs  to 
the  architecture  of  the  continents. 

It  is  evident  that  a  river  must  flow,  on  the  whole,  fastest  in  the 
first  portion  of  its  course,  and  slowest  in  the  last  The  common 
method  of  comparing  the  fall  or  slope  of  rivers  is  to  divide  the 
difference  of  height  between  their  source  and  the  sea-level  by  their 
length,  so  as  to  give  the  declivity  per  mile.  This  mode,  however, 
often  fails  to  bring  out  the  real  reseinblances  and  differences  of  riversi 

>  Pieatwich,  Q.J.  Qeol.  8oc.  xxviii.  p.  Ixv. 


Digitized  by 


Google 


Pabt  n.  Sect.  ii.  §  3.]    FLOW  OF  RIVERS.  363 

eyen  in  re^rd  to  their  angle  of  slope.  For  example,  two  streams 
rising  at  a  neigbt  of  1000  feet,  and  flowing  100  miles  to  the  sea,  would 
each  have  an  ayerage  slope  of  10  feet  per  mile ;  yet  they  might  be 
wholly  unlike  each  other,  one  making  its  descent  almost  entirely  in 
the  first  or  mountain  part  of  its  course,  and  lazily  winding  for  most 
of  its  way  through  a  vast  low  plain  ;  the  other  toiling  through  the 
mountains,  then  keeping  among  hills  and  table-lands,  so  as  to  form 
on  the  whole  a  tolerably  equable  and  rapid  flow.  The  great  rivers 
of  the  globe  have  probably  a  less  average  slope  than  2  feet  per  mile. 
The  Missouri  has  a  descent  of  28  inches  per  mile.  The  average 
slope  of  the  channel  of  the  Thames  is  21  inches  per  mile ;  of  the 
Shannon  about  11  inches  per  mile,  but  between  Killaloe  and 
Limerick  about  6j^  feet  per  mile ;  of  the  Nile,  below  Cairo,  3-25  to 
5*5  indies  per  mile ;  of  tne  Doubs  and  Rhone,  from  Besanpon  to  the 
Mediterranean,  24*18  inches  per  mile ;  of  the  Volga  from  its  source 
to  the  sea,  a  little  more  than  3  inches  per  mile.  Higher  angles  of 
descent  are  those  of  torrents,  as  the  Arve,  with  a  slope  of  1  in  616  at 
Cbamounix,  and  the  Durance,  whose  angle  varies  from  1  in  467  to  1 
in  208.  The  slope  of  a  navigable  river  ought  hardly  to  exceed 
10  inches  per  mile,  or  I  in  6336.^ 

But  not  only  does  the  rate  of  flow  of  a  river  vary  at  different 
parts  of  its  course,  it  is  not  the  same  in  everypart  of  the  cross- 
section  of  the  river  taken  at  anj  given  point  The  river  channel 
(a  a,  Fig.  106)  supports  a  succession  of  layers  of  water  (b,  c,  d),  moving 
with  different  velocities,  the  greatest 

movement  being  at  the  centre  (d),  a   b    e       d       e    b   a 

and  the  least  in  the  layer  which 
lies  directly  on  the  channel.  At 
the  same  vertical  depth,  therefore, 
the  velocity  is  greater  in  propor- 
tion as  the  point  approaches  the 
centre  of  the  stream.  The  water 
next  the  sides  and  bottom  being  retarded  by  friction  against  the 
channel,  moves  less  rapidly  than  the  layers  (h  i,  e  c)  towards  the 
centre  (d).  The  central  piers  of  a  bridge  have  thus  a  neater  velocity 
of  river  current  to  bear  than  those  at  the  banks.  It  follows  that 
whatever  tends  to  diminish  the  friction  of  the  moving  current  will 
increase  its  rate  of  flow.  The  same  body  of  water,  other  conditions 
being  equal,  will  move  faster  through  a  narrow  gorge  with  steep 
smooth  walls  than  over  a  broad  rough  rocky  bed.  For  the  same 
reason,  when  two  streams  join,  their  united  current,  having  in  many 
cases  a  channel  not  much  larger  than  that  of  one  of  the  single 
streams,  flows  faster,  because  the  water  encounters  now  the  friction 
of  only  one  channel.  The  average  rate  of  flow  is  much  less  than 
might  be  supposed,  even  in  what  are  termed  swift  rivers.  A 
DK^erate  current  is  about  1^  mile  in  the  hour;  even  that  of  a 
torr^t  does  not  exceed  18  or  20  miles  in  the  hour.  Mr.  D.  Steven- 
'  D.  Stevenson,  **  Canal  and  Bi?er  Engineenng,"  p.  224. 
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son  states  that  the  Telocity  of  such  riyers  as  the  Thames,  the  Taj, 
or  the  Clyde  may  be  fomid  to  yary  from  about  one  mile  per  hour  u 
a  minimnm  to  aliont  three  miles  per  hour  as  a  maximum  Telocity.^ 

It  may  be  remarked,  in  concluding  this  part  of  the  subject,  that 
eleyations  and  depressions  of  land  must  haye  a  powerful  influence 
upon  the  slope  of  riyers.  The  upraising  of  the  axis  of  a  coontry, 
by  increasing  the  slope,  augments  the  rate  of  flow,  which,  oo 
the  contrary,  is  diminished  by  a  depression  of  the  axis  or  by  an 
eleyation  of  the  maritime  regions. 

ly.  Oeological  Action. — ^Like  all  other  forms  of  moying  wat^r, 
streams  haye  both  a  chemical  and  mechanical  action.  The  latter 
receiyes  most  attention,  as  it  undoubtedly  is  the  more  important; 
but  the  former  ou^ht  not  to  be  omitted  in  any  suryey  of  the  general 
waste  of  the  earth  s  surface. 

L  ChemicaL — ^The  water  of  riyers  must  possess  the  powers  of 
a  chemical  solyent  like  rain  and  springs,  though  its  actaal  work  ia 
this  respect  can  be  less  easily  measured,  seeing  that  riyer  water  ii 
directly  deriyed  from  rain  and  springs,  and  necessarily  omtains  in 
solution  mineral  substances  supplied  to  it  by  them.  Neyerthdeo, 
that  streams  dissolye  chemically  the  rocks  of  their  channels  can  be 
strikingly  seen  in  limestone  districts,  where  the  base  of  the  clifls  of 
riyer  rayines  may  be  found  eaten  away  into  tunnels,  arches,  and 
overhangiog  projections,  presenting  in  their  smooth  surfaces  a  great 
contrast  to  the  angular  jomted  £aces  of  the  same  rock  where  exposed 
to  the  influence  only  of  the  weather  on  the  higher  parts  of  tbe 
diff.  Oaubrto  eodeavoured  to  illustrate  the  chemical  action  of 
riyera  upon  their  transported  pebbles  by  exposing  angular  fngmmU 
of  felsj)ar  to  prolonged  friction  in  reyolying  cyUndera  of  sawlatooa 
containing  distilled  water.  He  found  that  they  underwent  con- 
siderable decomposition,  as  was  shown  by  the  presence  of  ailiea 
of  potash,  rendering  the  water  alkaline.  Three  kilogranunei  of 
felspar  fragments  made  to  reyolye  in  an  iron  cylinder  for  a  period 
of  192  hours,  which  was  equal  to  a  journey  of  460  kilomelrei 
(287  miles),  yielded  2*720  kilogrammes  of  mud,  while  the  fiye  litrei 
of  water  in  which  they  were  kept  moying  contained  12*60  grammflf 
of  potash  or  2*52  grammes  per  litre.' 

The  mineral, matter  held  in  solution  in  riyer-water  is,  doabtle0» 
partly  deriyed  from  this  mechanical  trituration  of  rocks  and  de* 
tritus;  for  Daubrfe's  experiments  show  that  min^ids  whidi  reoit 
the  action  of  acid  may  be  slowly  decomposed  by  mere  mechanical 
trituration,  such  as  takes  place  alone  the  bed  en  a  riyer.  But  ia 
sluggish  streams  the  main  supply  oi  mineral  solution  is  doaUle* 
furnished  by  springs. 

The  proportion  of  mineral  matter  in  riyer-water  yaries  with  tb0 
season,  even  for  the  same  stream.  It  reaches  its  maxip^""  wbeo 
the  water  is  mainly  derived  from  springs,  as  in  yery  dry  weather 

>  ««R6olAiiiatkmofLaiia«''p.l& 
*  «« G^logie  Ezp^iimentale,*'  p.  271. 
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and  in  a  frosty  winter;  it  attains  its  minimum  in  rainy  seasons  and 
after  rain.^    Its  amount  and  composition  depend  upon  the  nature  of 
the  rocks  forming  the  drainage-basin.   Where  these  are  on  the  whole 
impervious  the  water  runs  off  with  comparatively  slight  absUaotion 
of  mineral  ingredients;  but  where  the^  are  permeable  the  water,  in 
sinking  throi^h  them  and  rising  again  in  springs,  dissolves  their 
substance  and  carries  it  into  the  rivers.    The  composition  of  the 
river  waters  of  Western  Europe  is  well  shown  by  numerous  analyses. 
The  substances  held  in  solution  include  variable  proportions  of  the 
atmospheric  gases,  carbonates  of  lime,  magnesia,  soda,  iron,  and 
ammonia;    nUca;    peroxides  of   iron  and   manganese;    alumina; 
sulphates  of  lime,  magnesia,  potash,  and  soda ;  cmorides  of  sodium, 
pofatfRJum,  calcium,  and  magnesium ;  silicate  of  potash ;  nitrates ; 
phosphoric  acid ;  and  oiganic  matter.    The  minimum  proportion  of 
mineral  matter  among  the  analyses  collected  by  Bischof  was  2*61  in 
100,000  parts  of  water  in  the  Moll,  near  Heiligenblut — a  mountain 
s^eam  sSbOO  feet  above  the  sea,  flowing  from  me  Pasterzen  glacier 
over  crystalline  schists.    On  the  other  hand,  as  much  as  54'5  parts 
in  the  100,000  were  obtained  in  the  waters  of  the  Beuvronne,  a 
tributary  of  the  Loire  above  Tours.    The  average  of  the  whole  of 
these  analyses  is  about  21  parts  of  mineral  matter  in  100,000  of 
water,  whereof  carbonate  of  lime  usually  forms  the  half,  its  mean 
qaantity  being  11*34.*    Bischof  calculated  that,  assuming  the  mean 
quantity  of  carbonate  of  lime  in  the  Rhine  to  be  9-46  in  100,000  of 
water,  which  is  the  proportion  ascertained  at  Bonn,  enough  of  this 
substance  is  carried  mto  the  sea  by  this  river  for  the  annual  forma- 
tion of  three  hundred  and  thirty-two  thousand  millions  of  oyster 
shells  of  the  usual  size.    The  mineral  next  in  abundance  is  sulphate 
of  lime,  which  in  some  rivers  constitutes  nearly  half  of  the  dissolved 
mineral  matter.     Less  in  amount  are  sodium  chloride,  magnesium 
carbonate  and  sulphate,  and  silica.    Of  the  last  named,  a  percenta^ 
amounting  to  4*88  parts  in  100,000  of  water  has  been  found  m 
the  Rhine,  near  Strasburg.    (See  p.  453.)    The  largest  amount  of 
alumina  was  0*71  in  the  Loire,  near  Orleans.    The  proportion  of 
mmeral  matter  in  the  Thames,  near  London,  amounts  to  about  33 
parts  in  100,000  of  water.' 

It  requires  some  reflection  properly  to  appreciate  the  amount  of 
solid  mineral  matter  which  is  every  year  carried  in  solution  frt)m 
the  rocks  of  the  land  and  difi'used  by  rivers  into  the  sea.  Accurate 
measurements  of  the  amount  of  material  so  transported  are  still 
much  required.  The  Thames  carries  past  Kingston  19  grains  of 
mineral  salts  in  every  gallon,  or  1502  tons  every  twenty-four  hours, 
or  548,230  tons  every  year.     Of  this  quantity  about  two-thirds 

>  Roth,  op.  eiL  i.  p.  454. 

'  Bischof  ^  Chem.  Geol."  i.  chap.  t.  More  recently  another  similar  collection  of 
uudjaes,  diieflj  of  European  riyers^lias  been  publiBhed  by  Roth,  the  mean  of  thirty- 
eight  of  which  giyes  a  proportion  of  19*983  in  100,000  parts  of  water.    Op.  eit  p.  456. 

'  Bischof,  op.  ei  loo,  cit, ;  RotI),  op,  cU.  L  p.  454.  For  composition  of  British 
liver-water,  see  **  Biven  Pollution  Commission  Report" 
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consist  of  carbonate  of  lime,  the  rest  bein^  chiefly  sulphate  of  lime, 
with  minor  proportions  of  the  other  ordmary  salts  of  river-water. 
Mr.  Prestwich  estimates  that  the  quanitity  of  carbonate  of  lime 
removed  from  the  limestone  areas  of  the  Thames  basin  amounts  to 
140  tons  annually  from  every  square  mile.  This  quantity,  assuming 
a  ton  of  chalk  to  measure  15  cubic  feet,  is  equal  to  a  loss  of  tK  ^^ 
an  inch  from  each  square  mile  in  a  century  or  one  foot  in  13200 
years.^  According  to  monthly  observations  and  estimates  made 
in  the  year  1866  at  Lobositz  near  the  exit  of  the  Elbe  from  its 
Bohemian  basin,  this  river  may  be  regarded  as  carrying  every  year 
out  of  Bohemia  from  an  area  of  880  square  German  miles,  or,  in  roand 
numbers,  20,000  English  square  miles,  6,000,000,000  cubic  metres 
of  water  containing  622,680,000  kilogrammes  of  dissolved  and 
547,140,000  of  suspended  matter,  or  a  total  of  1169  millions  of 
kilogrammes.  Of  this  total  978  millions  of  kilogrammes  consist  of 
fixed  and  192  millions  of  volatile  (chiefly  organic)  matter.  The  pro- 
portions of  some  of  the  in^edients  most  important  in  a^onltnre 
were  estimated  as  follows.  In  the  yearly  discharge  of  the  Elbe  there 
are  carried  out  of  Bohemia :  lime,  140,o80,000  kilogrammes ;  mag- 
nesia, 28,130,000;  potash,  54,520,000;  soda,  39,600,000;  chloride 
of  sodium,  25,320,000 ;  sulphuric  acid,  45,690,000 ;  phosphoric  acid, 
1,500,000.' 

Mr.  T.  Mellard  Beade  has  estimated  that  a  total  of  8,370,630 
tons  of  solids  in  solution  is  every  year  removed  by  running  water 
from  the  rocks  of  England  and  Wales,  which  is  equivalent  to  a 
general  lowering  of  the  surface  of  the  country  from  that  cause  alone 
at  the  rate  of  ^077  of  a  foot  in  a  century,  or  one  foot  in  12,978 
years.  The  same  writer  computes  the  annual  discharge  of  solids  in 
solution  by  the  Bhine  to  be  equal  to  92*3  tons  per  square  mile,  that 
of  the  Bhone  at  Avignon  232  tons  per  square  mile,  and  that  of  the 
Danube  at  72*7  tons  per  square  mile ;  and  he  supposes  that  on  an 
average  over  the  whole  world  there  may  be  every  year  dissolved  hj  wn 
about  100  tons  of  rocky  matter  per  ilnglidi  square  mile  of  surface.* 

If  the  average  proportion  of  mineral  matter  in  solution  in  rirer- 
water  be  taken  as  2  parts  in  every  10,000  by  weight,  then  it  i« 
obvious  that  in  eveiy  5000  years  the  rivers  of  the  glooe  must  cany 
to  the  sea  their  own  weight  of  dissolved  rock. 

ii.  Mechanica  1. — The  mechanical  work  of  rivers  is  threefold  >- 
(1)  to  transport  mud,  sand,  gravel,  or  blocks  of  stone  from  higher  to 
lower  levels ;  (2)  to  use  these  loose  materials  in  eroding  their 
channels ;  and  (3)  to  deposit  these  materials  where  possible,  ami  thm 
to  make  new  geological  formations. 

»  Prettwich,  Q.  J.  OeoL  8oe,  xxvUi.  p.  IxTil. 

•  Breitenlohner,  Verhand.  QeoL  Beiditanif.,  Vienna,  1876,  p.  171  TmmIJJJ 
978,000,000  kilogrammoB  to  be  mineral  mmtter  in  tolntkm  and  tospeukNi.  ^^^9?! 
to  an  annual  Iom  of  about  48  tons  per  English  square  mile.  Bui  it  inelodM  sU  v* 
materials  discharged  by  the  drainage  of  an  abundant  population. 

*  Address,  Liverpool  OeoL  8oe,  1877. 
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L  Transporting  Power} — One  of  the  distinctions  of  riyer  water,  as 
compared  with  that  of  springs,  is  that,  as  a  rule,  it  is  less  transparent, 
in  other  words,  contains  more  or  less  mineral  matter  in  suspensioD. 
A  sadden  heavy  shower  or  a  season  of  wet  weather  suffices  to 
render  tnrbid  a  river  which  was  previously  clear.  The  mud  is 
washed  into  the  main  streams  by  rain  and  brooks,  but  is  partly  pro- 
duced by  the  abrasion  of  the  water-channels  through  the  operations  of 
the  streams  themselyes.  The  channels  of  the  mountain  tributaries  of 
a  river  are  choked  with  large  fragments  of  rock  disengaged  from 
clifis  and  crags  on  either  side.  Traced  downwards  the  blocks  become 
gradually  smialler  and  more  rounded.  They  are  ground  against  each 
other  and  upon  the  rocky  sides  and  bottom  of  the  channel,  getting 
more  and  more  reduced  as  they  descend,  and  at  the  same  time 
abrading  the  rocks  over  or  aj?ainst  which  they  are  driven.  Of  the 
detritus  thus  produced,  the  finer  portions  are  carried  in  suspension, 
and  impart  the  characteristic  turbidity  to  rivers;  the  coarser  sand  and 
gravel  are  driven  along  the  river  bottom.  * 

The  presence  of  a  moving  stratum  of  coarse  detritus  on  the  bed 
of  a  brook  or  river  may  be  detected  in  transit,  for  though  invisible 
breath  the  overlying  discoloured  water,  the  stones  of  which  it  is 
composed  may  be  heara  knocking  against  each  other  as  the  current 
Bweens  them  onward.  Above  Bonn,  and  again  a  little  below  the 
Lurelei  Rock,  while  drifting  down  the  Rhine,  the  observer  by  laying 
his  ear  close  to  the  bottom  of  the  open  boat,  may  hear  the  liietrsh 
grating  of  the  gravel  stones  over  each  other  as  the  current  pushes 
Xhem  onwards  along  the  bottom.  On  the  Moselle  also,  between 
Cochem  and  Coblentz,  the  same  fact  may  be  noticed. 

The  transporting  capacity  of  a  stream  depends  (a)  on  the  volume 
and  velocity  of  the  current,  and  (b)  on  the  size,  shape,  and  specific 

Eavily  of  the  sediment,  (a)  According  to  the  calculations  of 
opkms,'  the  capacity  of  transport  increases  as  the  sixth  power  of 
the  velocity  of  the  current ;  thus  the  motive  power  of  the  current  is 
increased  64  times  by  the  doubling  of  the  velocity,  729  times  by 
trebling,  and  4096  times  by  quadrupling  it.    Mr.  David  Stevenson  * 

'  On  the  abrading  and  transporting  power  of  water,  see  Login,  Nature,  i  pp.  629, 
654;  iip.72. 

'  Tiiete  operations  of  running  water  may  be  studied  with  groat  advantage  on  a  small 
•cale  where  brooks  descend  fifom  hish  grounds  into  valleys,  rivers,  or  lakes.  A  single 
flood  suflloes  for  the  transport  of  thousands  of  tons  of  stones,  gravel,  sand,  and  mud, 
even  by  a  smaU  streamlet  At  Lybster,  for  example,  on  the  ooa»t  of  Caithness,  as  the 
aathor  was  informed  by  Mr.  Thomas  Stevenson,  G.E.,  a  small  streamlet  carries  down 
umoaUy  into  a  harbour,  which  has  there  been  made,  between  400  and  500  cubic  yards 
of  gravel  and  sand.  A  weir  or  dam  has  been  constructed  to  protect  the  harbour  from 
the  inroad  of  the  coarser  sediment,  and  this  is  cleaned  out  regularly  every  summer.  But 
by  &r  the  greater  portion  of  the  fine  silt  is  no  doubt  swept  out  into  the  North  Sea.  The 
tteetion  of  the  artificial  barrier,  by  arresting  the  seaward  course  of  the  gravel,  reveals  to 
us  what  must  be  the  normal  state  of  this  stream  and  of  similar  streams  descending 
from  maritime  hills.  The  area  drained  by  the  stream  is  about  four  square  miles ;  con- 
Mqoeotly  the  amount  of  loss  of  sur&oe,  which  is  represented  by  the  coarse  gravel  and 
sand  akme,  is  nhs  ^^  *  ^^  P^  annum. 


Q>  /.  OeotrSoe.  viii.  p.  xxviL 

**  Otnal  and  Biyer  Engineering,'*  p.  315. 
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gives  the  subjoined  table  of  the  power  of  transport  of  dififorent 
velocities  of  river  currents : — 

In.  par       Mllepar 
"-    -•  Hoar. 


3  =  0-170   will  just  begin  to  woric  on  fine  day. 

6  =  0*340   wiU  lift  fine  sand. 

8  =  0*4545  will  lift  tand  as  ooarBeas  linseed. 

12  =  0*6819  will  sweep  along  fine  grareL 

24  =  1  '3838  will  roll  along  loonded  pebbles  1  inch  in  diameter. 

86  =  2*045   will  sweep  along  slippeiy  angular  stones  of  the  siae  of  an  egg. 

It  is  not  the  surface  velocity,  nor  even  the  mean  velocity,  of  4 
river  which  can  be  taken  as  the  measure  of  its  power  of  transport,  but 
the  bottom  velocity — ^that  is,  the  rate  at  which  the  stream  overcomes 
the  friction  of  its  channel,  (b)  The  average  specific  gravity  of  the 
stones  in  a  river  ranges  between  two  and  threa  times  that  of  pure 
fresh  water ;  hence  these  stones  when  borne  alon^by  the  river  lose 
from  a  half  to  a  third  of  their  weight  in  air.  Huge  blocks  which 
could  not  be  moved  by  the  same  amount  of  energy  applied  to  them 
on  dry  ground  are  swept  along  when  thev  have  found  their  way  into 
a  strong  river  current.  The  shape  of  the  fraCTients  greatly  affects 
their  portability,  when  they  are  too  large  and  heavy  to  be  carried  in 
mechanical  suspension.  Kounded  stones  are  of  course  most  easily 
transported;  flat  and  angular  ones  are  moved  with  comparative 
difficulty.    (See  p.  372.) 

Besides  inorsam'c  sediment,  rivers  sweep  seaward  the  remains  of 
land  animals  and  vegetation.  The  peat  rafts  of  the  Mifwissippi  and 
its  tributaries  are  si^ial  examples  of  tl^s  part  of  river  action.  The 
Atchafalaya  has  been  so  obstructed  by  mA-wooi  as  to  be  fordable 
like  dry  land,  and  the  Bed  Biver  for  more  than  a  hundred  miles 
flows  under  a  matted  cover  of  dead  and  living  vegetation.  The 
Amazon,  Ganges,  and  other  tropical  rivers  furnish  abundant  examples 
of  the  transport  of  a  terrestrial  fauna  and  flora  to  the  sea. 

Besides  their  ordinary  powers  of  transport^  rivers  gain  at  times 
considerable  additional  force  from  several  causes.  Those  liable  to 
sudden  and  heavy  falls  of  rain  acquire  by  flooding  an  enormous 
increase  of  transporting  and  excavating  power.  More  work  maj 
thus  be  done  by  a  stream  in  a  day  than  could  be  accomplished  by  it 
during  years  of  its  ordinary  condition.^  Another  cause  of  sudden 
increase  in  river-action  is  provided  when,  from  landslips  formed  by 
earthquakes,  by  the  undermining  influence  of  spring  or  otherwi^ 
a  stream  is  temporarily  dammed  oack,  and  the  barrier  subsequently 

fives  way.  TIte  bursting  out  of  the  arrested  waters  produces  great 
estruction  in  the  valley.  Blocks  as  bi^  as  houses  may  be  set  in 
motion,  and  carried  down  for  considerable  distances.  Again,  the 
transporting  power  of  rivers  may  be  ereatly  augmented  by  frost  (see 
postea,  p.  40 1).     Ice  forming  along  the  banks  or  on  the  bottom  en* 

*  The  extent  to  which  heavy  ndns  can  alter  the  nsnal  characters  of  rivers  is  foreiblT 
ezcmplifled  in  the  graphic  account  of  **  The  Morayshire  Floods,*'  hy  the  late  Sir  T.  Dmk 
Lauder.  In  the  year  1829  the  rivers  of  that  region  rose  10, 18,  and  in  one  case  ereo  50 
feet  above  their  couunon  summer  level^  producing  almott  incredible  havoc 
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doees  giayel,  sand,  and  even  blocks  of  rook^  which,  when  thaw  comesy 
are  limd  up  and  carried  down  the  stream.  The  rivers  of  northern 
SoaBia  and  Siberia,  flowing  from  soath  to  north,  have  the  ice  thawed 
in  their  higher  courses  tefore  it  breaks  up  farther  down.  Much 
disaster  is  sometimes  caused  bj  the  piling  up  of  the  ice,  and  then  by 
the  bursting  of  the  impeded  nver  tbough  the  temporary  ice-barrier. 
In  another  way  ice  sometimes  vastly  increases  the  destructive  powers 
of  small  streams,  where  avalanches  or  an  advanoinj?  glacier  cross  a 
Talley  and  pond  back  its  drainage.  The  valley  of  the  Dranse,  in 
Switserland,  has  several  times  suffered  from  this  cause.  In  1818  the 
glacier  barrier  extended  across  the  valley  for  more  than  half  a  mile, 
with  a  breadth  of  600  and  a  height  of  400  feet  The  waters  above 
the  icendam  accumulated  into  a  lake  containing  800,000,000  cubic 
feet  By  a  tunnel  driven  through  the  ice,  the  water  was  drawn  off 
without  desolating  the  plains  below. 

The  amount  of  sediment  borne  downwards  bv  a  river  is  not 
necessarily  determined  by  the  carrying  power  of  tne  current  The 
swiftest  streams  are  not  always  the  muddiest  The  proportion  of 
sediment  is  partly  dependent  upon  the  hardness  or  softness  of  the 
TodoB  of  the  channel,  the  number  of  tributaries,  the  nature  and  slope 
of  the  ground  forming  the  drainage  basin^  the  amount  and  distribution 
of  the  rainfall,  the  size  of  the  glaciers  (where  such  exist)  at  the 
sources  of  the  river,  &c.  A  rainfall  spr^  with  some  uniformity 
thionghout  the  year  may  not  sensibly  darken  the  rivers  with  mud, 
but  the  same  amount  of  fall  crowded  into  a  few  days  or  weeks  may 
be  the  means  of  sweeping  a  vast  amount  of  earth  into  the  rivers,  and 
sending  them  down  in  a  greatly  discoloured  state  to  the  sea.  Thus 
the  rivers  of  Lidia,  swollen  during  the  rainy  season  (by  sometimes  a 
rainfall  25  inches  in  40  hours,  as  at  the  time  of  the  destructive  land- 
slip at  Naini  Tal  in  September  1880\  become  rolling  currents  of  mud. 
In  his  journeys  through  equatorial  Africa,  Livingstone  came  upon 
rivers  which  appear  usually  to  consist  more  of  sand  than  of  water. 
He  describes  tbe  Zingesi  as  ^  a  sand  rivulet  in  flood,  60  or  70  yiutls 
wide,  and  waist-deep.  Like  all  these  sand-rivers»  it  is  for  the  most 
part  dry ;  but,  by  digging  down  a  few  feet,  water  is  to  be  found 
which  is  percolating  along  the  bed  on  a  stratum  of  clay.  Tn  trying 
to  ford  it^  he  remarks,  ''I  felt  thousands  of  particles  of  coarse  sand 
striking  my  legs,  which  gave  me  the  idea  that  the  amount  of  matter 
removed  by  eveiy  freshet  must  be  very  great  .  •  •  These  sand  rivers 
remove  vast  masses  of  disintegrated  rock  before  it  is  fine  enough  to 
form  soil.  Li  most  rivers  where  much  wearing  is  going  on,  a  person 
diving  to  the  bottom  may  hear  literally  thousands  of  stones  knocking 
against  each  other.** 

The  amount  of  mineral  matter  transported  by  rivers  can  be 
estimated  hj  examining  their  waters  at  different  periods  and  places, 
and  determming  their  solid  contents.  A  complete  analysis  should 
take  into  account  what  is  chemically  dissolved,  what  is  mechanically 
mispended,  and  what  is  driven  or  pushed  along  the  bottom.    We  have 
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already  dealt  with  the  ishemically  dissolred  ingredients.    In  dete^ 
minations  of  the  mechanically  mixed  constitaents  of  riyer  water,  it  is 
moat  adrantageouB  to  obtain  the  proportion  first  by  weight,  and  then 
from  its  average  specific  gravity  to  estimate  its  bulk  as  an  ingredient 
in  the  water.    According  to  experiments  made  upon  the  water  of  the 
Bbone  at  Lyons^  in  IS^,  the  proportion  of  earthy  matter  held  in 
suspension  was  bj  weight  irh^»    Earlier  in  the  century  the  resoltB 
of  similar  experiments  at  Aries  gave  ^A^  as  the  proportion  wben 
the  river  was  iow^  ^^  during  floods,  and  ^^^  in  the  mean  state  of 
the  river.    The  greatest  recorded  quantity  is  ^  by  weight,  which 
was  found  ^when  the  river  was  two-thirds  up  with  a  mean  velocity  of 
probably  about  8  feet  per  second."^     Lonibardini  gives  ^hs^  ^ 
proportion  by  volume  of  the  sediment  in  the  water  of  tne  Pa    In 
the  Vistula,  accordine  to  Spittell,  the  proportion  by  volume  reaches  i 
maximum  of  ^.'    The  Bliine,  accordmg  to  Hartsoeker,  contains  j^ 
by  volume  as  it  passes  through  Holland,  while  at  Bonn  the  expen* 
ments  of  L.  Homer  gave  a  proportion  of  only  77^7^^  by  vcdume.' 
Stiefensand  found  that,  after  a  sudden  flooding,  the  water  of  the 
Bhiue  at  Uerdingen  contained  ^^  hy  weight     Bischof  measured 
the  quantity  of  sediment  in  the  same  river  at  Bonn  during  a  turbid 
state  of  the  water,  and  found  the  proportion  ^^^  by  weight,  while 
at  another  time,  after  several  weeks  of  continuous  dry  w^ber,  and 
when  the  water  had  become  clear  and  blue,  he  detected  only  -g^r^ff^*^ 
In  the  Maes,  according  to  the  experiments  of  Chandellon,  the  maxi- 
mum of  sediment  in  suspension  in  the  month  of  December  1849  was 
Y^f  the  minimum  y^l^Q,  and  the  mean  t^Jt^^.^      In  the  Hbe, 
at  Hamburg,  the  proportion  of  mineral  matter  in  suspension  tod 
solution  has  been  lound  by  experiment  to  average  about  y^    The 
Danube,  at  Vienna,  yielded  to  Bischof  about  ^^^  of  suspeuaed  sod 
dissolved  matter.*    The  Durance,  in  floods,  contains  ^  of  suspended 
mud,  and  its  annud  average  proportion  is  less  than  ro'oo*^.    '^ 
Oaronne  is  estimated  to  contain  perhaps  y^.*    The  oboervations  of 
Mr.  Everest  upon  the  water  of  the  Ganges  show  that,  during  the  four 
months  of  flood  in  that  river,  the  proportion  of  earthy  matter  is  A$ 
by  weight,  or  ^^  by  volume ;  and  that  the  mean  avera^  for  the 
year  is  y^  by  weight,  or  y^y  by  volume.*    According  to  Mr.  Login, 
the  waters  of  the  Irrawaddy  contain  y^  by  weight  of  iedimo»t 
during  floods,  and  yy^s  during  a  low  state  of  the  river.**    In  the 
1  Hnmofireyt  and  Al>bot,  **  Beport  upon  the  Fhjsics  and   Hydmalki  ti  tkt 
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Yang-tse  the  proportion  of  sediment  by  weight  is  estimated  hj  Mr. 
H.  B.  G^appy  at  j^f^  but  according  to  Dr.  A.  Woeikof  this  estimate 
is  mnch  under  the  truth. 

The  most  extensive  and  accurate  determinations  upon  this  subject 
yet  made,  are  those  of  the  United  States  Groyemment  upon  the  physics 
and  hydmulicB  of  the  Mississippi  river.  As  the  mean  of  many  oDser- 
vations  carried  on  continuously  at  different  parts  of  the  nver  for 
months  together,  Humphreys  and  Abbot,  tne  engineers  charged 
with  the  investigation,  found  that  the  average  proportion  of  sediment 
contdned  in  ike  water  of  the  Mississippi  is  j^  by  weight,  or 
j^  by  volume.^  But  besides  the  matter  held  in  suspension,  they 
observed  tbat  a  large  amount  of  coarse  detritus  is  constantly  being 
poshed  along  the  Dottom  of  the  river.  They  estimated  that  this 
moving  stratum  Carries  every  year  into  the  Gulf  of  Mexico  about 
750,000,000  cubic  feet  of  sand,  earth,  and  graveL  Their  observations 
led  them  to  conclude  that  the  annual  discharge  of  water  by  the 
Mississippi  is  19,500,000,000,000  cubic  feet»  and  consequently,  that 
the  weij^ht  of  mud  annually  carried  into  the  sea  by  this  river  must 
leach  ^e  sum  of  812,500,000,000  pounds.  Taking  the  total  annual 
eontributioDS  of  earthy  matter,  ¥niether  in  suspension  or  moving 
tixms  the  bottom,  they  found  tiiem  to  equal  a  prism  268  feet  in 
hei^t  with  a  base  of  one  square  mile. 

The  vidue  of  these  data  to  the  geologist  consists  mainly  in  the 
iiM^  that  they  furnish  him  with  an  approximate  measurement  of  the 
nte  at  which  the  surface  of  the  land  is  lowered  by  subaerial  waste. 
Thk  subject  is  discussed  at  p.  441. 

2.  EooaHHxtingPower. — ^it  was  a  prominent  part  of  the  teaching 
of  Hutton  and  rlayfair,  that  rivers  have  excavated  the  channels 
in  which  they  flow.  Experience  in  all  parts  of  the  world  has  con- 
firmed this  doctrine.  The  erosive  work  of  running  water  depends 
for  its  rate  and  character  upon  (a)  the  friction  of  the  detritus  driven 
by  the  current  against  tne  sides  and  bottom  of  a  watercourse, 
inodified  by  (b)  the  geological  structure  of  the  ground. 

(a)  Driven  downward  by  the  descending  water  of  a  river,  the 
loose  grains  and  stones  are  rubbed  against  each  other,  as  well  as  upon 
the  rocky  bed,  until  they  are  reduced  to  fine  sand  and  mud,  and  the 
■ides  and  bottom  of  the  channel  are  smoothed,  widened,  and  deepened. 
The  £Euniliar  effect  of  running  water  upon  fragments  of  rock,  in 
reducing  them  to  rounded  pebbles,  is  expressed  by  the  common 
phrase  **  water- worn."  A  stream  which  descends  from  high  rocky 
ground  may  be  compared  to  a  grinding  mill ;  large  boulders  and 
sngular  blocks  of  rock,  disengaged  by  frosts,  springs,  and  general 
atmospheric  waste,  fisdl  into  its  upper  end ;  fine  sand  and  alt  are 
diMfaarged  into  the  sea.  In  the  series  of  experiments  already 
referred  to,  Daubr^,  using  fragments  of  granite  and  quartz,  caused 
them  to  slide  over  each  other  in  a  hollow  cylinder  partially  filled  with 

»  Nature,  xxiL  p.  48fi,  xxiii.  p.  9, 

*  Beporty  p.  148.    The  speoiflo  gravity  of  the  silt  of  the  HiodsBippi  ia  given  aa  1*9. 
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water,  and  rotating  on  its  axis  with  a  mean  velocity  of  0-80  to  1 
metre  in  a  second.    He  fonnd  that  after  the  first  25  kilometres 
(abont  15^  English  miles')  the  angular  fra^ents  of  granite  had  lost 
-ffj  of  their  weight,  while  in  the  same  distance  fragments  already 
well  ronnded  hwi  not  lost  more  than  j^j^  to  ^^.    The  fragments 
ronnded  by  this  jonrney  of  25  kilomet^  in  a  cyunder  could  not  be 
distingnidied  either  in  form  or  in  general  aspect  from  the  natural 
detritus  of  a  riyer-bed.    A  second  product  of  these  experiments  was 
an  extremely  fine  impalpable  mud  which  remained  suspended  in  the 
water  several  dajs  after  the  cessation  of  the  movement.    During  the 
production  of  this  fine  sediment,  the  water,  even  though  cold,  was 
found  after  a  day  or  two  to  have  acted  chemically  upon  the  granite 
frf^ments.     After  a  journey  of  160  kilometres,  3  kilogrammes 
(atout  6^  lb.  avoirdupois)  yielded  3*3  grammes  (about  50  grains^  of 
soluble  salts  consisting  chiefly  of  silicate  of  potasn.    A  thira  proaoct 
was  an  extremely  fine  angular  sand  consisting  almost  wholly  of 
quartz,  with  scarcely  any  felspar,  almost  the  whole  of  the  latter 
minersJ  having  passed  into  the  state  of  clay.  The  sand  grains,  as  they 
are  continually  pushed  onward  over  each  other  upon  the  bottom  of 
a  river,  become  rounded  as  the  larger  pebbles  do.    But  a  limit  is 
placed  to  this  attrition  by  the  size  and  specific  gravity  of  the  grains.^ 
As  a  rule  the  smaller  particles  suffer  proportionately  less  loss  than 
the  larger,  since  the  fnction  on  the  bottom  varies  directly  as  the 
weight  and  therefore  as  the  cube  of  the  diameter,  while  l^e  sorfece 
exposed  to  attrition  varies  as  the  square  of  the  diameter.    Mr.  Sorby, 
in  recently  calling  attention  to  this  relation,  remarks  that  a  grain 
of  an  inch  in  diameter  would  be  worn  ten  times  as  much  as  one  -| 
of  an  inch  in  diameter,  and  a  pebble  1  inch  in  diameter  would 
worn  relatively  more  by  being  drifted  a  few  hundred  yards  than  a 
sand  grain  j^^  of  an  inch  in  diameter  would  be  by  being  drifted  for 
a  hundred  miles.'    So  long  as  the  particles  are  borne  along  in 
suspension  they  will  not  abrade  each  other,  but  remain  angular. 
Daubr^e  found  that  the  milky  tint  of  the  Rhine  at  Strasburg  in  tiie 
months  of  July  and  August  was  due,  not  to  mud,  but  to  a  fine 
angular  sand  (with  grains  about  ^  millimetre  in  diameter)  which 
constitutes  ^^^(^^  of  the  total  weight  of  water.    Yet  this  sand  had 
travelled  in  a  rapidly  flowing  tumultuous   river    from   the  Swiss 
mountains,  and  had  been  tossed  over  waterfalls  and  rapids  in  its 
journey.    He  ascertained  also  that  sand  with  a  mean  aiameter  of 
^ain  of  -^  mm.  will  float  in  feebly  a^tated  water ;  so  that  all  saod  of 
hner  grain  must  remain  angular.     The  same  observer  has  noticed 
that  sand  composed  of  grains  with  a  mean  diameter  of  j^  mm.,  and 
carried  along  by  water  moving  at  a  rate  of  1  metre  per  second,  gets 
rounded,  and  loses  about  j^^^  of  its  weight  in  every  kilometre 
travelled.' 


• 


'*  G^logie  Exp^rimdntale,"  p.  250,  «l  §eq. 

Q.  J,  Qecl.  8oe.  xxxri.  p.  59. 
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The  effects  of  abrasion  upon  the  loose  materials  on  a  ri?er-bed  are 
but  a  minor  part  of  the  eroai?e  work  performed  by  the  stream.  A 
layer  of  debris,  oiUy  the  npper  portion  of  which  is  poshed  on?rard  by 
the  current^  protects  the  sofid  rock  of  the  river  channel*  bnt  is  apt  to 
be  swept  awav  from  time  to  time  by  violent  floods.  Sand,  gravel,  and 
bonlders,  in  tnose  parts  of  a  river  channel  where  the  current  is  strong 
enough  to  keep  &em  moving  idong,  rab  down  the  rocky  bottom 
oyer  which  they  are  driven.  As  the  shape  and  declivity  of  the 
channel  vary  constantly  from  point  to  point,  with,  at  the  same  time, 
frequent  changes  in  the  nature  of  its  rocks,  this  erosive  action  is 
liable  to  continual  modifications.  It  advances  most  briskly  in  the 
nameious  hollows  and  grooves  along  which  chiefly  these  loose 
materials  travel.  Wherever  an  eddy  occurs  in  which  gravel  is  kept 
in  gyration,  erosion  is  much  increased.  The  stones  in  their  move- 
ment excavate  a  hole  in  the  channel,  while,  as  they  themselves  are 
reduced  to  sand  and  mud,  or  are  swept  out  by  the  force  of  the 
current,  their  places  are  taken  by  fresh  stones  brought  down  by  the 
stream  (Fig.  107^.  Such  jjO^hoUs,  as  they  are  termed,  vary  in  size 
fiom  mere  cap-liKO  depressions  to  huge  cauldrons  or  pools.  As  they 
often  coalesce,  by  the  giving  wajr  of  the  intervening  walls  between 
two  or  more  of  them,  they  materially  increase  the  deepening  of  the 
rifer-bed. 

That  a  liver  erodes  its  channel  by  means  of  its  transported 
sediment,  and  not  by  the  mere  friction  of  the  water,  is  sometimes 
admirably  illustrated  in  the  course  of  streams  filtered  by  one  or  more 
lakes.  As  the  Bhone  escapes  from  the  Lake  of  Geneva,  it  sweeps 
with  a  swift  clear  current  over  ledges  of  rock  that  have  not  yet  been 
very  deeply  eroded.  The  Niagara  supplies  a  still  more  impressive 
example.  Issuing  from  Lake  Erie,  and  flowing  through  a  level 
country  for  a  few  miles,  it  approaches  its  fSedk  by  a  series  of  rapids. 
The  water  leaves  the  lake  with  hardly  any  appreciable  sediment, 
and  has  too  brief  a  journey  in  which  to  gather  it  before  beginning 
to  msh  down  the  rocky  channel  towards  the  cataract.  The  sight  of 
the  vast  body  of  dear  water,  leaping  and  shooting  over  the  sheets 
of  limestone  in  the  rapids,  is  in  some  respects  quite  as  striking  a 
scene  as  the  great  falls.  To  a  geologist  it  is  specially  instructive ; 
for  he  can  observe  that,  notwithstanding  the  tremendous  rush  of 
water  which  has  been  rolling  over  them  lor  so  manv  centuries,  these 
rocks  have  been  comparatively  little  abraded.  The  smoothed  and 
striated  surface  left  oy  the  ice-sheet  of  the  glacial  period  can  be 
traced  upon  them  almost  to  the  water's-edge,  and  tne  flat  ledges 
St  llie  rapids  are  merely  a  prolongation  of  the  ice-worn  surface 
which  passes  under  the  banks  of  drift  on  either  side.  The  river  has 
l^srdly  eroded  more  than  a  mere  superficial  skin  of  rock  here  since 
it  besan  to  flow  over  the  glaciated  Emestone. 

Sunilar  evidence  is  offered  by  the  St  Lawrence.  This  majestic 
river  leaves  I^ke  Ontario  as  pure  as  the  waters  of  the  lake  itself. 
The  ice-worn  hummocks  of  gneiss  at  the  Thousand  Islands  still  retain 
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their  characteristic  smoothed  and  polished  snrfiEtoe  down  to  and 
beneaUi  the  snrfiace  of  the  current.  In  descending  the  river  I  Was 
astonished  to  observe  that  the  &mous  rapids  of  the  St.  Lawrence  are 
actually  hemmed  in  by  islets  and  steep  banks  of  bonlder-clay  and 
not  of  solid  rock.  So  little  obvious  erosion  does  the  current  perform 
even  in  its  tumultuous  billowy  descent,  that  a  raw  scar  of  clay  betoken- 
ing a  recent  slip  is  hardly  to  be  seen.  The  banks  are  so  grassed  over 
or  even  covered  with  trees,  as  to  prove  how  long  they  have  remained 
undisturbed  in  their  present  condition.    That  very  considerable  local 


Fio.  107.— RooKT  BiTBB  Channel  wttb  old  Pot-holeb. 

destruction  of  these  clay  islands,  however,  has  been  caused  by  float- 
ing ice  will  be  alluded  to  further  on. 

Mere  volume  and  rapidity  of  current,  therefore,  will  not  cause 
much  erosion  of  the  channel  of  a  stream  unless  sediment  be  present 
in  the  water.  A  succession  of  lakes,  by  detaining  the  seaiment, 
must  necessarily  enfeeble  the  direct  excavating  power  of  a  river 
On  the  other  hand,  by  the  disintegrating  action  of  the  atmosphere, 
and  by  the  operations  of  springs  and  frosts,  loose  detritus  as  well  as 
portions  of  the  river-banks  are  continually  being  launched  into  the 
currents,  which  as  they  roll  along  are  thus  supplied  with  fresh 
materials  for  erosion. 
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(b)  In  the  gradual  exoavation  of  a  river  ohannel  a  dominant 
influence  is  exercised  by  the  lithological  nature  and  geolo^cal 
Btnictare  of  the  rooks  throoeh  which  the  stream  flows.  This 
influence  is  manifested  in  the  rorro  of  the  channel,  the  angle  of 
dediyity  of  its  banks,  and  in  the  details  of  its  erosion.  On  a  small 
bat  instmctiye  scale  these  phenomena  are  reyealed  in  the  operations 
of  bro(d».  Thus,  one  of  tne  most  characteristic  featnres  of  streams, 
whether  lai^  or  small,  is  the  tendency  to  wind  in  serpentine  curves 
when  the  angle  of  declivity  is  low,  and  the  general  surface  of  the 
country  tolerably  level.  This  peculiarity  may  be  observed  in  every 
stream  which  traverses  a  flat  alluvial  plain.  Some  slight  weakness 
m  one  of  its  banks  enables  the  current  to  cut  away  a  portion  of  the 
hank  at  that  point.  By  degrees  a  concavity  is  form^  whence  the 
water  is  deflected  to  the  opposite  side,  there  to  break  with  increased 
force  aeaiost  the  bank.  Ghradually  a  similar  concavity  is  cut  out  on 
that  side,  and  so,  bending  alternately  from  one  side  to  the  other,  the 
stream  is  led  to  describe  a  most  sinuous  course  across  the  plain.  By 
this  process^  however,  while  the  course  is  greatly  lengthened,  the 
velocity  of  the  current  proportionately  diminishes,  until  it  may,  before 
quitting  the  plain,  become  a  lazy,  creeping  stream,  in  England 
commonly  bordered  with  sedges  and  willows.  A  stream  may  even« 
tnally  cut  through  the  neck  of  land  between  two  loops  as  at  a,  h,  and 
e,  in  fig.  108,  and  thus  for  a  while  shorten  its  channel.    Instances  of 


Fro.  lOS.— MvAHiiiBiHO  Goum  or  ▲  Bbooe. 

this  nature  may  frequently  be  observed  in  streams  flowing  through 
alluvial  land.  The  old  deserted  loops  are  converted,  first  into  lakes, 
and  by  degrees  into  stagnant  pools  or  bogs,  until  finally,  by  growth  of 
vegetatipn  ax^  infilling  of  sediment  by  rain  and  wind,  they  become 
dry  ffround. 

Although  most  frequent  in  soft  alluvial  plains,  serpentine  water- 
courses may  also  be  found  in  solid  rock  if  tne  original  form  of  the 
surbce  was  tolerably  flat.  The  windings  of  the  gorges  of  the  Moselle 
(Fig.  109)  and  Rhine  through  the  table-land  between  Treves,  Mainz, 
and  the  Siebengebirj^e  form  a  notable  illustration. 

Abrupt  changes  in  the  geological  structure  or  lithological  character 
of  the  rocks  of  a  river^hannel  may  give  rise  to  waterfidls.  Li  many 
cases  this  feature  of  river  scenery  has  originated  in  lines  of  escarpment 
over  which  the  water  at  first  found  its  way,  or  in  the  same  geolo^cal 
arrangement  of  hard  and  soft  rocks  by  which  the  escarpments  them- 
selves have  been  produced.  The  occurrence  of  horizontal  tolerably 
compact  strata,  traversed  by  marked  lines  of  joint,  and  resting  upon 
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softer  bed?,  presents  a  stroctare  well  adapted  for  showing  the  part 
played  by  waterfalls  m  river  erosion.  The  waterfall  acts  with 
special  potency  against  the  softer  underlying  strata  at  its  bsse. 
These  are  hollowed  ont^  and  as  the  foundations  of  the  soperin- 
cambent  more  solid  beds  are  destroyed,  slices  of  the  latter  firom 
time  to  time  fall  off  into  the  boiling  whirlpool,  where  they  are 
reduced  to  fragments,  and  carried  down  the  stream.  Tbns  the 
waterfall  cuts  its  way  backward  up  the  stream,  and  as  it  adfanoea, 
it  prolongs  the  excayation  of  the  ravine  into  which  it  descends.  The 
student  will  frequently  observe  that  in  the  recession  of  waterfalls  and 

consequent  erosion  of  ravines  an  im- 
portant part  is  taken  by  lines  of  joint 
m  the  rocks ;  that  these  lines  have  often 
determined  the  direction  of  the  reme^ 
and  that  the  vertical  widls  on  either 
side  depend  for  their  precipitonsneGS 
mainly  upon  these  divisional  planes  in 
the  rock.  The  gorge  of  the  Niagara 
affords  a  magnificent  and  remarkably 
simple  illustration  of  these  featores  of 
river  action.  At  its  lower  end,  where 
it  enters  the  wide  plain  that  extends 
to  Lake  Ontario,  there  stretches  away, 
on  either  side  of  the  river,  a  line  of 
cliff  and  stee])  wooded  bank,  formed  by 
the  escarpment  of  the  massive  Niagara 
limestone.  Back  from  this  line  of 
cliff,  through  which  it  issues  ioto^the 
lacustrine  plain,  the  gorge  of  the  riter 
extends  for  about  7  miles,  with  a  width 
of  from  200  to  400  yards,  and  a  depth 
of  from  200  to  800  feet  At  the  upper 
end  lie  the  world-renowned  falls.  The 
whole  of  this  great  ravine  has  im- 
questionably  been  cut  out  by  the  re- 
cession of  the  falls.    When  the  rifer 

^o?r  mSS'^t.^^  jBt  teg*"  to  flow,  it  may  have  foo»J 

the  escarpment  running  acron  its 
course,  and  may  then  have  begun  the  excavation  of  its  eorge. 
More  probably,  however,  the  escarpment  and  waterfall  began 
to  arise  simultaneously  and  from  the  same  geological  stnetiire. 
As  the  former  grew  in  height,  it  receded  from  its  starting 
point  The  river-ravine  likewise  crept  backward,  but  at  a  mm 
rapid  rate,  and  the  result  has  been  that  while  at  present  the  cM, 
worn  down  by  atmospheric  disintegration,  stands  at  Queenstown,  the 
ravine  dug  by  the  river  extends  7  miles  further  inland*  The  water- 
fall will  continue  to  cut  its  way  back  as  loujp^  as  the  structure  of  the 
gorge  continues  as  it  is  now— thick  beds  of  limestone  resting  bon* 
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zoDtally  upon  soft  shales  (Fig.  110).  The  softer  strata  at  the  base 
are  nndermined,  and  slice  after  slice  is  cat  off  from  the  cliff  over 
which  the  cataract  pours.  The  parallel  walls  of  this  ^reat  gorge 
owe  their  direction  and  mural  character  to  parallel  joints  of  the 
strata.  The  lesser  or  American  fall  enters  by  the  side  of  the  ravine 
tnd  Mb  oyer  its  lateral  walL  The  larger  or  Canadian  (Horse-shoe) 
fall  occupies  the  head  of  the  ravine,  and  owes  its  form  to  the 
intersection  of  two  sets  of  joints.  The  structure  of  the  gorge  being 
the  same  at  both  falls,  it  seems  reasonable  to  infer  that  as  the 
American  fall,  which  appears  to  be  diminishing  in  volume,  has 
cot  back  only  somewhere  about  140 
feet  from  the'original  face  of  the  ravine, 
this  branch  of  the  river  has,  compara- 
tively speaking,  only  recently  begun  to 
work.  Goat  Island,  which  now  separates 
the  two  falls,  is  an  outlier  of  drift  resting 
on  the  limestone.  It  has  been  cut  off 
from  the  rest  of  the  ground  on  the 
rieht  bank  of  the  river  by  the  branch  . 
which  rejoins  the  main  stream  by  the  C^ 
American  falL  From  the  position  of  Fio.  lio.— Siotion  at  thb 
the  glacial  strisB  it  may  be  concluded  Hobsi-bhob  Falls,  Niagara. 
that  a  great  part,  if  not  the  whole  of    «»  Medina  SandBton©,  SOO  feet; 

the  rayine,  hi»  been  excayated  rince.the      ^^^2^  tlSr«i 

glacial   period.     There    are  mdications        feet;  d,  Niasara  Limeetone, 
indeed  of  a  pre-glacial  valley  by  which       ^f^,J^^  of  iSdoh  85  feet  are 
the  waters  of  Lake  Erie  joined  those  of      ^^"*  **  *^^  ^ 
Ontario  before  the  erosion  of  the  present  gorge.    Bakewell,  from 
historical    notices  and   the   testimony  of   old   residents,  inferred 
that  the  rate  of  recession  of  the  falls  is  three  feet  in  a  year.    Lyell, 


Fio.  111.— Flan  or  tbb  Rayinb  of  Niagara  at  thi  Falls. 

A,  American  Fall;  0,  Canadian  Fall;  W,  Whirlpool;  G,  Goat  Island;  D,  Bank  of 
Drift  resting  on  ioe-wom  sheets  of  limestone. 

on.  no  better  kind  of  eyidence,  condnded  that,  **  the  average  of  one 
foot  a  year  would  be  a  mach  more  probable  conjecture/'  and  estimated 
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the  length  of  time  required  for  the  excavation  of  the  whole  Niagara 
ravine  at  35,000  years,* 

A  feature  of  interest  in  the  future  history  of  the  Niagara  river 
deserves  to  be  noticed  here.  It  is  evident  that  if  the  stmotore  of 
the  gorge  continued  the  same  from  the  falls  to  Lake  Erie,  the 
recession  of  the  falls  would  eventually  tap  the  lake,  and  reduce  it  to 
the  level  of  the  bottom  of  the  ravme.  Successive  stages  in  this 
retreat  of  the  falls  are  shown  in  Fig.  112,  by  the  letters /to  n,  and  in 
the  consequent  lowering  of  the  lake  by  the  letters  a,h  toe.  It  is 
believed,  however,  that  a  slight  inclination  of  the  strata  carries  the 
soft  underlying  shale  out  of  possible  reach  of  the  faU,  which  will 
retard  indefinitely  the  lowering  of  the  lake. 


Fio.  112. — SsonoN  to  illttstbate  tct  lowkbtng  or  Lake  Bbib  bt  the 

BBCBSSIOM  or  NiAGABA  FaLLS. 

A  waterfall  mav  occasionally  be  observed  to  have  been  produced 
by  the  existence  of  a  harder  and  more  resisting  band  or  barrier  of 
rock  crossing  the  oourse  of  the  stream,  as,  for  instance,  where  the 
rocks  have  teen  cut  by  an  intrusive  dyke  or  mass  of  basalt,  or  where, 
as  in  the  case  of  the  Ahine  at  Schaffhausen,  and  possibly  in  that  of 
the  Niagara,  the  stream  has  been  diverted  out  of  its  ancient  oomee 
bv  glacial  or  other  deposits,  so  as  to  be  forced  to  carve  out  a  new 
cnannel,  and  rejoin  its  older  one  by  a  fall.'  In  these  and  all  other 
cases  the  removed  of  the  harder  mass  destrovs  the  waterfall,  which, 
^9ter  passing  into  a  series  of  rapids,  is  finally  lost  in  the  general 
abrasion  of  we  river-channel. 

The  resemblance  of  a  deep  narrow  river-^rge  to  a  rent  opened 
in  the  ground  by  subterranean  a^encv,  has  onen  led  to  a  mi^aken 
belief  that  such  marked  superficial  features  could  only  have  arisen 
from.aotual  violent  dislocation.  Even  where  something  is  conceded 
to  the  river,  there  is  a  natural  tendency  to  assume  that  there  mnst 
have  been  a  line  of  fault  and  displacement  as  in  Fig.  113,  or  at  least 
a  line  of  crack,  and  consequent  weakness  (Fig.  114).  Bat  the 
existence  of  an  actual  fracture  is  not  necessary  for  the  formation 
of  a  ravine  of  the  first  magnitude.  The  gorge  of  the  ^i'^^'?! 
for  example,  has  not  been  determined  by  any  dislocation.  Still 
more  impressive  proof  of  the  same  fact  is  furnished  by  the  most 
marvellous  river-gorges  in  the  world — ^thoee  of  the  Colorado  region 

>  LyoU,"TravelflinNorthAmericm,"Lpw82;iLp.93.  '•PriiMS^)leB,''tp.3»  Ot»- 
paw  Ledey's  •«  Goal  and  its  Topography"  (1856),  p.  169.  On  recent  changet  at  the  WJj 
aee  Maiooi^  BiiU.  iSoe.  (3^oL  iVofuw  (2),  zxii  p.  m  The  FaUs  of  6t  Antbfloj  cb  tte 
Miariarii^  b^ow,  aooording  to  WinoheU,  a  late  of  reoeanoD  Tarfinff  from  S' j^^^j^ 
feet  per  annun,  the  whole  reoeeaion  ainoe  the  diaeoveiT  of  the  nUi  in  1680  lo  »• 
preaent  time  being  906  feet    Q,  J,  CftoL  Soe.  xxxLy,  p.  Sfe. 

'  WOrtenberger,  Neue$  Jahrh.  1871,  p.  582. 


Digitized  by 


Google 


Pabt  n.  Sect.  ii.  §  3.]     RIVER  DEPOSEPS.  379 

in  NorUi  America.      The  riyers  there  flow  in  ravines  thousands 

of  feet  deep  and  hundreds  of    miles    long,  through  vast  table* 

lands  of  nearly  horizontal  strata.    The 

Grand  Canon    (rayine)  of  the  Colorado  f 

river  is  300    miles  long,  and  in  some  > 

places  more  than    6000  feet   in   depth.  f 

In  many  instances  there  are  two  canons,  ; 

the  npper  being  several  miles  wide,  with  \  '~~'~] 

vast  unes  of  elm  walls  and  a  broad  plain  Y ^  • 

between  them,  in  which  mns  the  second  ' 

canon,    as    another    deep     valley    with 

the  river  winding  over  its  bottom.    The       ^VJ^^IT^IJ^.^^" 

. -iji^xi.  J  J.  t  Uf  LOSE  OF  YAXJUT, 

country  is  hardly  to  be  crossed  except  by 

birds,  so  profoundly  has  it  been  trenched  by  these  namerous 
gorges,  let  the  whole  of  this  excavation  has  been  efiSscted  by 
the  erosive  action  of  the  streams  themselves.^  Some  idea  of  the 
vastness  of  the  erosion  of  these  plateaux  may  be 
formed  from  Fig.  115,  and  illustrations  in  Book  VIL 
In  the  excavation  of  a  ravine,  whether  by  the 
recession  of  a  waterfall  or  of  a  series  of  rapids, 
the  action  of  the  river  is  more  effective  than  that 
of  the  atmospheric  agents.  The  sides  of  the 
ravine  consequently  retain  their  vertical  character, 
which,  where  tiiey  coincide  with  Unes  of  joint,  ^®-  n*— Bnro 
is  farther  preserved  by  the  way  in  which  atmo-  BTOmTsraAT/!^ 
spheric  weathering  acts  along  the  joints.  But  where, 
6(m  the  nature  of  the  ^ound  or  of  the  climate,  the  denuding 
iMTtion  of  rain,  frost,  and  general  weathering  is  more  rapid  than 
that  of  the  river,  a  wider  and  opener  vslley  is  hollowed  out, 
throngh  which  the  river  flows,  and  from  which  it  carries  away 
the  materials  washed  into  it  from  the  surrounding  slopes  by  rain  and 
Woks. 

3.  Beprodudive  Power. — ^Every  body  of  water  which  when  in 
motion  carries  along  sediment,  drops  it  when  at  rest.  The  moment 
a  ennent  has  its  rapidity  checked,  it  is  deprived  of  some  of  its 
carrying  power,  and  oegins  to  lose  hold  upon  its  sediment,  which 
tends  more  and  more  to  sink  and  halt  on  tne  bottom  the  slower  the 
motion  of  the  water.  In  Fig.  116,  the  river  in  flowing  from  c  to  6 
^  a  less  angle  of  declivity  and  a  smaller  transporting  power,  and 
^  therefore  have  a  greater  tendency  to  throw  down  sedmient  than 
m  descending  the  steeper  gradient  from  bio  a. 

In  the  course  of  every  brook  and  river  there  are  frequent  checks 
to  the  current.  If  these  are  examined,  they  will  usually  be  found  to 
be  each  marked  by  a  more  or  less  conspicuous  deposit  of  sediment. 

J  1*07  dAaeriptioDB  and  flgnrea  of  this  remarkable  region,  B3e  lyee  and  Newbeny, 
*•  Biplotation  of  tiie  Ooloiado  Biver  of  the  Wert,"  1861.  J.  W.  Powell, "  Exploration  of 
«•  Cotonido  Biver  of  the  West  and  its  Tributariefl,"  1875,  and  po$tea,  Book  VII. 
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We  may  notice  Beven  dififerent  situations  in  which  stream-depodts 
or  alluvium  may  be  accumulated. 


A 

s 


g 

s 


i 


I 


(a)  At  the  foot  of  Mountain  Slopes. — When  a  runnel  or  tonent 
descends  a  steep  declivity  it  tears  down  the  soil  and  rocks^  cutting  a 
gash  out  of  the  side  of  the  mountain  (Fig.  117).    On  reaching  the  more 
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level  gronnd  at  the  base  of  the  slope  the  water,  abrnptly  checked  in  its 
Telocity^  at  once  drops  its  coarser  sediment,  which  gathers  in  a  fiEm- 
daped  pile  or  cone  (^'  cone  de  dSfeeiion'y  with  the  apex  pointing  np 
the  water-course.    Huge  accumalations  of  boulders  and  shingle  may 


Fio.  116.— Swnow  of  pabt  of  a  Ritbb  Channel  (B.). 


thus  be  seen  at  the  foot  of  such  torrents, — ^the  water  flowiujB;  through 
tliem  often  in  several  channels  which  re-unite  in  the  plam  beyond. 
ftcm  tiie  deposits  of  small  streams  every  gradation  of  size  may  be 


ta.  117d— Tbibdtabt  Tobbbnt  BENDnra  ▲  Oosm  of  DiTBirufl  nrro  ▲  Vallet  (B.). 

traced  up  to  huge  fans  many  miles  in  diameter  and  several  hundred 
feet  thick,  snch  as  occur  in  the  upper  basin  of  the  Indus  ^  and 
on  the  flanks  of  the  Rocky  Mountains,^  and  other  ranges  in  North 
America  (Fig.  118). 

(b)  In  Biver-beds. — ^This  is  characteristically  shown  by  the 
aocomulation  of  a  bed  of  sand  or  shingle  at  the  concave  side  of  each 
sharp  bend  of  a  river  course.  While  the  main  current  is  making  a 
sweep  roand  the  opposite  bank,  the  water  lingers  alon^  the  inner 
ttde  of  the  curve  and  drops  there  its  freight  of  loose  detntus,  which, 
when  laid  bare  in  dry  weather,  forms  the  familiar  sand-bank  or 
shingle  beach.  Again,  when  a  river,  well  supplied  with  sediment, 
leaves  mountainous  ground  where  its  course  nas  been  rapid,  and 
^ters  a  region  of  level  plain,  it  begins  to  drop  its  burden  on  its  bed, 
which  is  thereby  heightened,  till  it  may  actually  rise  above  the  level 

^  *  For  an  interesting  acconnt  of  the  allnYial  deposito  of  this  region,  see  Drew, 
Q'/.G«)Li9oe.zxix.p.  441. 

•Bee  Dnttcm's  "Hi^h  Plateaux  of   Utah."     Hayden'g  «*Eeport8  of  the  U.8. 
^*«>loj;ical  and  Geographical  Surreys  of  the  Territories.'^ 
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of  the  surrounding  plains  as  at  Z  (Fig.  119).  This  tendency^  is 
displayed  by  the  Adige,  Bono,  and  Brenta,  which,  descending  uorn 
the  Alps  well  supplied  with  detritus,  debouch  on  the  plains  of  the  Po. 


Fio.  118.— Fans  or  Allutiux.    Madison  Biteb,  Montana. 

The  Fo  itself  has  been  quoted  as  an  instance  of  a  riyer  continuing 
to  heighten  its  bed,  while  man  in  self-defence  heightens  its  embank- 
ments, until  the  surface  of  the  riyer  becomes  higher  than  the  plains 
on  either  side.  It  has  been  shown  by  Lombardini,  howeyer,  that  the 
bed  of  this  riyer  has  undergone  yery little  change  for  centuries;  that 


Fio.  119.— SaonoN  or  a  BnrxB  Plain,  showino  heigbtxnino  or  Cbabnnl  bt 

DKFOBIT  or  BSDIMKNT  (B.). 

only  here  and  there  does  the  mean  height  of  the  Po  rise  aboye  the 
leyel  of  the  plains,  being  generally  considerably  below  it,  and  that 
eyen  in  a  high  flood  the  surface  of  the  riyer  is  scttrody  ten  feet  above 
the  payement  in  front  of  the  palace  at  Ferrara.  The  Po  and  its 
tributaries  haye  been  carefully  embanked,  so  that  much  of  the 
sediment  of  the  riyers,  instead  of  accumidating  on  the  plains  of 
Lombardy  as  it  naturally  would  do,  is  carried  out  into  the  Adriatic. 
Hence,  partly,  no  doubt,  the  remarkably  rapid  rate  of  ^wth  of  the 
delta  of  the  ro.  But  in  such  cases  man  needs  all  his  skill  and  laboor 
to  keep  the  banks  secure.  Eyen  with  his  utmost  efforts  the  riyer  will 
now  and  then  break  through,  sweeping  down  the  barrier  which  it  has 
itself  made,  as  wcdl  as  any  additional  embankments  constmcted  by 
him,  and  carrying  its  flood  far  and  wide  oyer  the  plain.  Left  to  itself, 
the  riyer  would  incessantly  shift  its  course,  until  in  turn  eyery 
part  of  the  plain  had  been  again  and  a^;ain  trayersed.  It  is  indeed 
in  this  way  that  a  great  aUuyial  plam  is  gradually  leyeUed  and 
heightened.^ 

(c)  On  Riyer-banks  and  Flood-plains.— As  is  partly  implied  in 

*  It  iB  in  the  north  of  Italy  that  the  straggle  hetween  man  and  nature  in  tbii  de- 
partment has  been  most  persiBtently  waged.  See  on  thia  inbjeot  Lombardini,  in  Am^ 
dei  PonU  et  Chatua4e$,  1847.    Beardmore'a  ••  Tables,"  p.  172, 
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the  action  described  in  the  fore^ing  paragraph,  allavium  is  laid 
down  on  the  level  tracts  or  flood-plain  over  which  a  riyer  spreads  in 
flood.  It  consists  usually  of  flne  silt,  mud,  earth,  or  sand ;  though 
dose  to  the  channel  it  may  be  partly  made  up  of  coarser  materials. 
When  a  flooded  river  overflows,  the  portions  of  water  which  spread 
oat  on  the  plains,  by  losing  velocity  and  consequentlj  power  of 
transport,  are  compelled  to  let  fall  some  or  all  of  their  mud  and 
sand.  If  the  plams  happen  to  be  covered  with  woods,  bushes, 
scrub,  or  tall  grass,  the  vegetation  acts  the  part  of  a  sieve,  and 
filters  the  muddy  water,  which  may  rejoin  the  main  stream 
comparatively  clear.  The  height  of  the  plain  is  thus  increased  by 
eyery  flood,  until,  partly  from  this  cause  and  partly,  in  the  case  of  a 
rapid  stream,  from  the  erosion  of  the  channel,  the  plain  can  no  longer 
be  overspread  by  the  river.  As  the  channel  is  more  and  more 
deepened,  the  river  continues,  as  before,  to  be  liable,  from  inequalities 
in  the  material  of  its  banks,  sometimes  of  the  most  trifling  kind,  to 
be  turned  from  side  to  side  in  wide  curves  and  loops,  and  cuts  into  its 
old  alluvium,  making  eventually  a  newer  plain  at  a  lower  level.  Pro- 
longed erosion  can'ies  the  channel  to  a  still  lower  le?e],  where  the 
strttma  can  attack  the  later  alluvial  deposit,  and  form  a  still  lower 
and  newer  one.  The  river  comes  by  this  means  to  be  fringed  with  a 
series  of  terraces,  Fig.  120,  the  surface  of  each  of  which  represents  a 
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120.- 

-Sbotion  or 

former  flood-level  of  the  stream.^  In  Britain  it  is  common  to  flnd 
three  such  terraces,  but  sometimes  as  many  as  six  or  seven  or  even 
more  may  occur.  On  the  Seine  and  other  rivers  of  the  North  of 
France  tnere  is  a  marked  terrace  at  a  height  of  12  to  17  metres 
above  the  present  water  level  In  North  America  the  river-terraces 
exist  on  so  grand  a  scale  that  the  geologists  of  that  country  have 
named  one  of  the  later  periods  of  geological  history,  during  which 
those  deposits  were  formed,  the  Terrace  Epoeh.  The  modern 
alluvium  of  the  Mississippi  from  the  mouth  of  the  Ohio  to  the 
Gulf  of  Mexico  covers  an  area  of  19,450  miles,  and  has  a  breadth  of 
from  25  to  75  miles  and  a  depth  of  from  25  to  40  feet  The  old 
allutiam  of  the  Amazon  likewise  forms  extensive  lines  of  cliff  for 
hundreds  of  miles,  beneath  which  a  newer  platform  of  detritus  is 
being  formed. 

hi  the  attempt  to  reconstruct  the  history  of  the  old  river- 
terraces  of  a  country,  we  liave   to  consider  whether  they  have 

'  The  ffagta  of  thif  prooMi  fn  the  t4gime  of  agreat  river  are  well  brought  out  in  the 
CMeofthaAmaaoo.    0.  a  Biowd,  Q.  jff  OM.  Sx.  xzxv.  p.  768. 
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been  entirely  cut  out  of  older  alluvium  (in  which  ease^  of  oouTse, 
the  yalleys  must  haye  been  as  deep  as  now  before  the  forma- 
tion of  the  terraces^;  whether  they  afford  any  indications  of 
having  been  formed  anring  a  period  of  greater  rainfall^  when  the 
rivers  were  larger  than  at  present ;  whether  they  point  to  upheaval 


Fia.  121.— Old  Tbuuoes  on  the  Lkft  Bavk  or  the  YsLLOWRon  Brm, 

▲BOVB  THS  FIB8T  CaSoN.     MoHTAHA. 

of  the  interior  of  the  country  which  would  accelerate  the  erosiye 
action  of  the  streams,  or  to  depression  of  the  interior  or  rise 
of  the  seaward  tracts,  which  would  diminish  that  action  and 
increase  the  deposition  of  alluvium.  Professor  Dana  has  con- 
nected the  terraces  of  America  with  the  elevation  of  the  axis  of  thai 
continent. 

There  can  be  no  doubt  that  both  in  Europe  and  North  America 
the  rivers  at  a  comparatively  recent  geological  period  had  a  much 
greater  volume  than  they  now  possess.  Their  valleys  are  not  onlj 
marked  by  terraces  but  in  many  cases  are  filled  with  the  deep  and 
extensive  deposit  known  as  loess.  The  Bhine  and  the  Danube  are 
both  fringed  for  long  distances  by  high  banks  composed  of  this 
deposit.  Still  more  extensive  is  the  loess  of  the  Mississippi  basin;  it 
extends  for  hundreds  of  miles  along  the  river,  forming  Diuffs,  which 
rise  150  feet  or  more  above  the  present  valley  bottom.  Loess  is  a  pale 
yelloWy  calcareou^  friable  d^,  extremely  fine  in  texture,  with  little  or 
no  trace  of  stratification.  It  contains  land  and  fresh-water  shells 
with  bones  of  land  animals  and  remains  of  land  vegetation.  It  has 
been  generally  supposed  to  have  been  laid  down  by  the  rivers  during 
a  period  when  they  were  swollen  with  muddv  water  derived  from 
copious  rains  and  melting  snows.  It  seems,  nowever,  to  shade  off 
laterally  into  loess  which,  stretching  far  beyond  any  conceiyaUe 
overflow  of  the  rivers,  must  be  due  either  to  rain-wash  or  to  that 
sand-drift  already  described  (p.  322). 
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(d)  In  Lakes.— When  a  river  enters  a  lake  its  current  is  at  once 
checked,  and  its  sediment  bedns  to  spread  in  fan-shape  over  the 
lake  bottom  {c  in  Fig.  122).  Every 
tributary  stream  brings  in  its  con- 
tribution of  detritus.  In  this  way  a 
series  of  shoals  is  pushed  out  into  the 
lake  (Fig.  123).  This  phenomenon 
may  frequently  be  instructively  ob- 
served from  a  height  overlookmg  a  Fio.  122.— Stbbaxlst  (&)  ENmnro  a 

small  lake  amon£r  mountains.    At  the        "^"'  ^^  ("^*  ^^  DBPoarnHo 
•.^Aur         1.x  i.        uuv  A  Fan  of  Sbdiment  (o). 

mouth  of  each  torrent  or  brook  lies  a  ^ 

little  tongue  of  its  alluvium  (a  true  deUa\  through  which  the  streamlet 

winds  in  one  or  more  branches  before  mingling  its  waters  with  those 

of  the  lake.     Two  streams  entering  a  lake  from  opposite  sides  may 

join  their  alluvia  so  as  to  divide  the  lake  into  two,  like  the  once 


'lo.  123.— Plav  of  a  Lakb  khtkbcd  bt 
THxn  Stbeamb  (Oy  d,  e),  kach  of 

VBIGH  DEPOSITS  A  GONB  OFSbDIMEMT 

(a,b)AT  ITS  Mouth. 


Fio.  124.— Lakb  (as  in  Fio.  123)  filtjed  up 

AND     OONYBRTKD     INTO     AN     AlLUYIAL 

Plain  bt  thi  Thrsb  Stbhams,  e,  d,  e. 


^ited  lakes  of  Thun  and  Brienz  at  Interlaken.  Or  by  the  advance 
of  the  alluvial  deposits  the  lake  may  be  finally  filled  up  altogether, 
ag  has  happened  in  innumerable  cases  in  all  mountainous  countries 
(Fig.  124^.  The  rapidity  of  the  infilling  is  sometimes  not  a  little 
remarkable.  Since  the  year  1714  the  Eander  is  said  to  have  thrown 
^to  the  I^e  of  Thun  a  delta  measuring  230  acres,  now  partly 
woodland,  partly  meadow  and  marsh. 

In  the  case  of  a  lar^e  lake  whose  length  is  great  in  proportion 
to  the  volnine  of  the  tributary  river,  the  whole  of  the  detritus  may 
^  deposited,  so  that,  at  the  outflow,  the  river  becomes  as  clear  as 
when  its  infant  waters  began  their  course  from  the  springs,  snows, 
and  mists  of  the  far  mountains.  Thus  the  Bhone  enters  the  Lake 
of  Geneva  turbid  and  impetuous,  but  escapes  at  Geneva  as  blue 
translacent  water.  Its  sediment  is  laid  down  on  the  floor  of  the 
Iftke,  and  chiefly  at  the  upper  end,  as  an  important  delta  which  quite 
^Tals  that  of  a  great  river  in  the  sea.  Hence,  lakes  act  as  filters  or 
^eves  to  intercept  the  sediment  which  is  travelling  in  the  rivers 
from  the  high  grounds  to  the  sea  (pp.  373,  392). 

(«)  Bars  and  Lagoon-Barriers. — If  we  take  a  broad  view  of 
terrestrial  degradation  we  must  admit  that  the  deposit  of  any 
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sediment  on  the  land  is  only  temporary ;  the  ineyitaUe  destmation 
of  all  detrital  material  is  the  floor  of  the  sea.  Most  rivers  which  enter 
the  sea  have  their  mouths  crossed  by  a  bar  of  grayel,  sand,  or  mod. 
The  formation  of  this  barrier  results  from  the  conflict  between  the 
river  and  the  ocean.  Although  the  muddy  fresh  water  floats  on  the 
heavier  salt  water,  its  current  is  lessened,  and  it  can  no  longer  push 
along  the  mass  of  detritus  at  the  bottom,  which  therefore  accumulates 
and  tends  to  form  a  bar.  It  has  been  ascertained,  moreover,  that, 
though  fresh  water  can  retain  for  a  lon^  while  fine  mud  in 
suspension,  this  sediment  is  rapidly  thrown  down  when  the  fresh  ii 
mixed  with  saline  water.  Hence,  apart  from  the  necessary  loss  d 
transporting  power  by  the  checking  of  the  river  current  at  the 
moutn,  the  mere  mingling  of  a  river  with  the  sea  must  of  itself  be  a 
cause  of  the  deposit  of  sediment.  (See  postea,  p.  435.)  Moreover,  in 
many  cases  the  sea  itself  piles  up  great  part  of  the  sand  and  gravel 
of  the  bar.  Heavy  river-floods  pash  the  bar  fieurther  to  sea^  or  even 
temporarily  destroy  it ;  storms  m)m  the  sea,  on  the  other  hand,  drive 
it  farther  up  the  stream. 

Some  of  these  facts  in  the  regime  of  rivers  have  been  well 
studied  at  the  mouths  of  the  Mississippi  At  the  South-west  Paas 
the  bar  is  equal  in  bulk  to  a  solid  mass  one  mile  square  and  490  feet 
thick,  and  advances  at  the  rate  of  838  feet  each  year.  It  is  formed 
w^ere  the  river  water  begins  to  ascend  over  the  heavier  salt-water  of 
the  ^If,  and  consists  meanly  of  the  sediment  that  is  pudied  along 
the  bed  of  the  river.  A  singular  feature  of  the  Mississippi  ban  is 
the  formation  upon  them  of  ^^  mud  lamps."  These  are  masses  of 
tough  clay,  varying  in  size  from  mere  protaberances  like  tree  tranlo, 
up  to  islands  several  acres  in  extent  They  rise  suddenly  and  attain 
heights  of  from  3  to  10,  sometimes  even  18  feet  above  tne  sea-leveL 
Salt  springs  emitting  inflammable  gas  rise  upon  them.  After  the 
lapse  of  a  considerable  time  the  springs  cease  to  emit  gas,  and  the 


Fio.  125. — SHDroLB  and  BAHD-flPir  (e)  at  thb  MorrH  or  ah  Ebtuakt  (e\ 

BT  A  BiTXB,  AND  OFSNINO  CPON  AV  MZFOSBD  ROGKT  Ck>AST-LUiB  (B.). 

lumps  are  worn  away  by  the  currents  of  the  river  and  the  gnlf. 
The  origin  of  these  excrescences  has  been  attributed  to  the  generation 
of  carburetted  hydrogen  by  the  decomposing  vegetable  matter  in  the 
jediment  underlying  the  tenacious  clay  of  the  bars.^ 

1  Hnmphreyg  and  Abbot, "  Report  on  Minutippi  Bmr,"  1S61,  p.  452. 
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Gonspicuons  examples  of  the  formation  of  detrital  bars  may 
oocasionally  be  obsenred  at  the  mouths  of  narrow  estuaries,  as  at  «  in 
Fig.  125.  A  constant  straggle  takes  place  in  such  situations  between 
the  tidal  currents  and  waves  which  tend  to  heap  up  the  bar  and 
block  the  entrance  to  the  estuarv,  and  the  scour  of  the  riyer  and  ebb- 
tide which  endeavonrs  to  keep  the  passage  open. 

Another  remarkable  illustration  of  the  contest  between  alluvium- 
esarying  streams  and  the  land-eroding  ocean  is  shown  by  the  vast 
lines  of  bar  or  bank  which  stretch  along  the  coasts  both  of  the 
Old  and  the  New  World.     The  streams  do  not  flow  straight  into 


ATLANTIC  OCEAN 


Fio.  126.— Plan  of  Ooast  Babs  aitd  Laoookb.    Ck)A8T  or  Florida. 

the  sea,  but  run  sometimes  for  many  miles  parallel  to  the  shore-line, 
ioeamulating  behind  the  barriers  into  broad  and  long  lagoons,  but 
eventaally  breaking  through  the  barriers  of  alluvium  and  entering 
the  sea.  On  a  smiul  scale  examples^occur  on  the  coasts  of  the  British 
Islands  as  at  Start  Bay,  Devon  (Fig.  127),  where  the  slates  (e)  with 
their  weathered  surface  (d)  are  flanked  by  a  fresh  water-lake  ye), 
ponded  back  by  a  bar  (6)  iirom  the  sea  (a).    The  lagoons  of  the 


■^.'^kv^^ 


^  127.— SioTiov  Bab  ahd  Laooov,  Blaptoh  Fool,  Btabt  Bat,  Devon  (B.). 

Italian  coast  and  the  Knrische  and  Frische  Haf  in  the  Baltic,  near 
Dantzic,  are  famiHar  examples.  A  conspicuons  series  of  these 
alluvial  bars  fronts  the  American  mainland  for  many  hundred  miles 
round  the  Gulf  of  Mexico  and  the  shores  of  Florida,  Georgia,  and 
North  Carolina  (Fig.  126).  A  space  of  several  hundred  miles  on 
^0  east  coast  of  Lidia  is  similarly  bordered.  E.  de  Beaumont^ 
^deed,  estimated  that  about  a  third  of  the  whole  of  the  coast-lines 
of  the  continents  is  fringed  with  such  alluvial  bars.^ 

On  a  coast-line  such  as  that  of  Western  Europe,  subject  both  to 
powerful  tidal  action  and  to  strong  gales  of  wind,  many  interesting 
"lustrations  may  be  studied  of  the  struggle  between  the  rivers  and 
^  sea,  as  to  the  disposal  of  the  sediment  borne  from  the  land.    De 

'  Ltftmi  de  QMogie  pratique,  i.  p.  249.  In  this  volume  Bome  interestixig  examplei 
«  tiiii  kind  of  depotii  are  deeoribed 
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la  Beche  described  an  example  from  the  coast  of  Sonth  Wales  where 
two  streams,  the  Towey  and  xTedd  (a  and  6,  Fig.  128),  enter  Swansea 
Bay,  b^rin^with  them  a  considerable  amount  of  sandy  and  muddy 
segment.  The  fine  mud  is  carried  by  the  ebb-tide  {t  1 1)  into  the 
sheltered  bay  between  Swansea  (c)  and  the  Mumble  Bocks  («),  but  is 
partly  swept  round  this  headland  into  the  Bristol  Channel.     The 


Fio.  128.— Action  of  Biyxbs,  Tides,  and  Winds  in  Swansea  Bat  {B.\ 

coarser  sandy  sediment,  more  rapidly  thrown  down,  is  stirred  up  and 
driyen  shorewards  by  the  breakers  caused  by  the  preyalent  west  and 
south-west  winds  {w).  The  sandy  flats  thereby  formed  are  partly 
uncovered  at  low  water,  and  bein^  then  dried  by  the  wind,  supply  it 
with  the  sand  which  it  blows  mland  to  form  the  lines  of  sand* 
dunes  (#).^ 

(/)  Deltas  in  the  Sea. — ^The  tendency  of  sediment  to  accumulate 
in  a  tongue  of  flat  land  when  a  river  loses  itself  in  a  lake  is  exhibited 
on  a  far  vaster  scale  where  the  great  rivers  of  the  continents  enter 
the  sea.  It  was  to  one  of  these  maritime  accumulations,  that  of  the 
Nile,  that  the  Greeks  gave  the  name  Delta,  from  its  resemblance  to 
their  letter  A,  with  the  apex  poioting  up  the  river,  and  the  base  front* 
ing  the  sea.  Tiiis  shape  being  the  common  one  in  all  such  alluvial 
deposits  at  river  moutns,  the  term  delta  has  become  their  general 
designation.  A  delta  consists  of  successive  layers  of  detritus,  brought 
down  from  the  land  and  spread  out  in  the  sea  at  the  mouth  of  a  river 
until  they  reach  the  surface,  and  then,  partly  by  growth  of  vegeta- 
tion and  partly  by  flooding  of  the  river,  form  a  plain,  of  which  the 
inner  and  higher  portion  comes  eventually  to  be  above  the  reach  of 
floods.  Large  quantities  of  drift-wood  are  often  carried  down,  and 
bodies  of  animals  are  swept  off  to  be  buried  in  the  delta,  or  even  to 
be  floated  out  to  sea.  Hence,  in  deposits  formed  at  the  mouths  of 
rivers,  we  may  always  expect  to  find  terrestrial  organic  remains. 

A  delta  does  not  necessarily  form  at  every  river-mouth,  even 
where  there  is  plenty  of  sediment.    In  particular,  where  the  ooast- 

'  **Ga>logicul  Observer,"  p.  88. 
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line  on  either  side  is  lofty,  and  the  water  deep,  or  where  the  coast  is 
swept  by  powerful  tidal  currentSy  there  is  no  delta.  In  some  cases, 
too,  the  sediment  spreads  out  over  the  sea-bottom  without  being 
allowed  by  the  sea  to  build  itself  up  into  land,  as  happens  at  the 
mouths  of  some  of  the  rivers  in  the  north-west  of  France. 

When  a  riyer  enters  upon  the  delta  portion  of  its  course  it  assumes 
a  new  character.  In  the  previous  parts  of  its  journey  it  is  always 
being  augmented  by  tributaries ;  but  now  it  begins  to  split  up  into 
branches,  which  wind  to  and  iro  through  the  flat  alluvial  land,  often 
coalescing  and  thus  enclosing  insular  spaces  of  all  dimensions.  The 
feeble  current,  no  longer  able  to  bear  along  all  its  weight  of  sediment, 
allows  much  of  it  to  sink  to  the  bottom  and  to  ^ther  over  the  tracts 
which  are  from  time  to  time  submerged.  Hence  many  of  the 
channels  get  choked  up,  while  others  are  opened  out  in  the  plain,  to 
be  in  turn  abandoned ;  and  thus  the  river  restlessly  shifts  its  channels. 
The  seaward  ends  of  at  least  the  main  channels  grow  outwards  hj 
the  constant  accumulation  of  detritus  pushed  into  the  sea,  unless  this 
growth  chances  to  be  checked  by  any  marine  current  sweeping  past 
the  delta.  These  features  are  nowhere  more  strikingly  displayed 
than  by  the  great  delta  of  the  Mississippi  (Fig.  129).     The  area  of 
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Kio.  129. — ^IIap  of  Delta  of  MiBaiflsrm. 

this  vast  expanse  of  alluvium  is  given  at  12,300  square  miles, 
^yancing  at  the  rate  of  262  feet  yearly  into  the  Gulf  of  Mexico  at 
i^  point  wnich  is  now  220  miles  from  the  head  of  the  delta.^ 

On  a  smaller  scale  the  rivers  of  Europe  furnish  many  excellent 
iUostrations  of  delta  growth.    Thus  the  Bhine,  Mouse,  Sambre, 
Scheldt,  and  otiier  rivers  have  formed  the  wide  maritime  plain  of 
>  Humphreys  and  Abbot,  op.  oU, 


Digitized  by 


Google 


390  DYNAMICAL  GEOLOGY.  [Book  HL 

Holland  and  the  Netherlands.   The  Rhone  has  deposited  an  importsat 
delta  in  the  Mediterranean  Sea.    The  upoer  reaches  of  the  Adriatic 
Sea  are  being  so  rapidly  shallowed  and  nlled  np  by  the  Po,  Adi^ 
and  other  streams,  that  Bayenna,  originally  built  in  a  lagoon  like 
Venice,  is  now  4  miles  from  the  sea,  and  the  port  of  Adna,  so  well 
known  in  ancient  times  as  to  haye  gi?en  its  name  to  the  Adriatic,  is 
now  14  miles  inland,  while  on  other  parts  of  that  coast-line  the  breadth 
of  land  gained  within  the  last  1800  years  has  been  as  much  as  20 
miles,    brings  for  water  near  Venice  to  a  depth  of  572  feet  hare 
disclosed  a  succession  of  nearly  horizontal  cla^s,  sands,  and  lignitifeitMif 
beds.    Marine  shells  {Gardium^  (te.)  occur  m  the  sandy  layers;  the 
lignites  and  lignitiferous  clays  contain  land  yegetation  and  terrestrial 
shells  {Succinea^  Pupa,  Helim\  the  whole  succession  of  deposits  indica- 
ting an  alternation  of  marine  and  terrestrial  or  fresh-water  conditi(MUL^ 
On  the  opposite  side  of  the  Italian  peninsula,  great  additions  hare 
been  made  to  the  coast-line  within  the  historical  period.     It  is  com- 
puted that  the  Tuscan  riyers  lay  down  as  much  as  12  million  cubic 
yards  of  sediment  eyery  year  within  the  marshes  of  the  Maremma. 
The  ''  yellow ''  Tiber,  as  it  was  aptly  termed  by  the  Bomans,  owesiU 
colour  to  the  abundance  of  the  sediment  which  it  carries  to  sea.     It 
has  long  been  adding  to  the  coast-line  at  its  mouth  at  the  rate  of 
from  12  to  13  feet  per  annum.    The  ancient  harbour  of  Ostia  is  now 
consequently  more  than  3  miles  inland.     Its  ruins  are  at  preset 
being  excayated,  but  eyery  flood  of  the  riyer  leayes  a  thick  deposit 
of  mud  on  the  streets  and  on  the  floors  of  the  uncoyered  houses 
Hence  it  would  seem  that  the  Tiber  has  not  only  adyanced  its  coast- 
line, but  has  raised  its  bed  on  the  plains  by  the  deposit  of  allayinm, 
so  that  it  now  oyerflows  places  which,  2000  years  ago,  could  not  haye 
been  so  frequently  under  water.'    In  the  Black  Sea  a  great  delta  if 
rapidly  growing  at  the  mouths  of  the  Danube.    At  the  Kilia  outlets 
the  water  is  shfQlowing  so  fast  that  the  lines  of  soundings  of  6  feet 
and  30  feet  are  adyancing  into  the  sea  at  the  rate  of  between  800 
and  400  feet  per  annum.'    The  typical  delta  of  the  Mile  has  a 
seaward  border  180  miles  in  length,  the  distance  from  which  to  the 
apex  of  the  plain  where  the  riyer  oifurcates  is  90  miles.    The  united 
delta  of  the  Ganges  and  Brahmaputra  (Fig.  130)  coyers  a  snace  of 
between  50,000  and  60,000  square  miles,  and  has  oeen  bored  taroagk 
to  a  depth  of  481  feet 

>  filie  de  Beaumont,  *'Lecon8  de  G^1og:ie  prstiane,**  L  p.  828.  QttL  JUf.ix- 
0872),  p.  486. 

*  See  an  iDteresting  artiole  by  ProfeMor  Oharlet  Martini  cm  the  Aignc*-lfdrtM»  ti 
Beven  de%  Deux  M(mde$,  1874,  p.  780.  I  aeoompanied  Uie  difltingniahed  i^ch  gtologM 
on  the  oooasion  of  his  Tint  to  Ostia  in  the  spring  of  1873,  and  was  mneh  stmck  witb  tb« 
proofs  of  the  rapidity  of  deposit  In  faTOorable  situations.  In  the  artiole  juit  sited  m* 
ralni^Ie  information  is  giren  regarding  the  progress  of  the  delta  of  the  Bhooe  ia  tss 
Mediterranean.  Interesting  historical  information  as  to  geokgicsl  chsngei  at  Um 
mouths  of  tho  Ehine,  Meute.  Elbe,  Po,  Bhone,  and  other  European  liTsrs,  as  well  at  «i 
the  Nile,  will  be  found  in  £lie  de  Beaumont's  *«  Lemons  de  G^okcie  pratique,*  toL  L 
p.  253. 

•  UarUey,  Uin,  of  Proe,  Ind.  Civ.  EngU  xxzTi.  p.  816 
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is)  Sea-borne  Sediment. — Although  more  properly  to  be  noticed 
imder  the  section  on  the  Sea,  the  finia  course  of  the  materials  worn 
hy  rains  and  rivers  from  the  surface  of  the  land  may  be  referred  to 
here.    By  fSeur  the  larger  part  of  these  materials  sinks  to  the  bottom 


FX&   130.— I>EI^A  OF  TBI  GaHQBS  AND  BbAHMAFUTBA  (WITH  SoALX  OF  MlLXS). 

close  to  the  land.  It  is  only  the  fine  mud  carried  in  suspension  in 
the  water  which  is  carried  out  to  sea.  The  sea  fronting  the  Amazon  is 
discoloured  for  800  miles  by  the  mad  of  that  river.  The  soundings 
taken  by  the  "Challenger  brought  up  land-derived  detritus  from 
depths  of  1500  fathoms^ — 200  miles  or  more  from  the  nearest  shores 
(p.  438). 

§  4.  Lakes. 

Depressions  filled  with  water  on  the  surface  of  the  land^  and 
known  as  lakes,  occur  abundantly  in  the  northern  parts  of  both 
hemispheres,  and  more  sparingly,  but  often  of  large  size,  in  warmer 
latitudes.  They  do  not  belong  to  the  normal  system  of  erosion  in 
which  running  water  is  the  prime  agent,  and  to  which  the  excavation 
of  Talleys  and  ravines  must  oe  attributed.  On  the  contrary,  they  are 
exceptional  to  that  system,  for  the  constant  tendency  of  running 
wat€^  is  to  fill  them  up.  Their  origin,  therefore,  must  be  sought  among 
•ome  of  the  other  geological  processes.    (See  Book  VIL) 

Lakes  are  conveniently  classed  as  fresh  or  salt.  Those  which 
possess  an  outlet  contain  in  almost  all  cases  fresh  water ;  those  which 
We  none  are  usually  salt. 

L  Fresh-water  Lakes. — ^Li  the  northern  parts  of  Europe  and 
America,  lakes  are  prodigiously  abundant  on  ice-worn  rocky  surfaces 
irreroective  of  dominant  lines  of  drainage.  They  seem  to  be  distri- 
bated  as  it  were  at  random,  being  found  now  on  the  summits  of  ridges, 
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now  on  the  sides  of  hills,  and  now  oyer  broad  plains.  They  lie  for 
the  most  part  in  rock-basins,  bat  many  of  them  have  barriers  of 
detritus.  Their  connection  with  the  operations  of  the  glacial  period 
will  be  afterwards  alluded  to.  Li  the  mountainous  regions  of 
temperate  and  polar  latitudes,  lakes  abound  in  valleys,  and  are 
connected  with  main  drainage  lines.  In  North  America  and  in 
Equatorial  Africa,  vast  sheets  of  fresh  water  occur  in  depressions  of 
the  land,  and  are  rather  inland  seas  than  lakes. 

The  distribution  of  temperature  in  lakes  is  a  question  of  consider- 
able geolodcal  interest  in  regard  to  which  careful  measurements  are 
much  needed.  The  observations  of  &iir  Robert  Christison  at  Loch 
Lomond  in  Scotland,  show  that  in  this  sheet  of  water,  which  lies  25 
feet  above  the  sea-level,  with  a  depth  of  about  600  feet>  and  is  in 
great  measure  surrounded  with  high  hills,  a  tolerably  constant 
temperature  of  about  42^  Fahr.  is  found  to  pervade  the  lowest  100 
feet  of  water.  Again  in  the  Lake  of  Geneva  the  surface  temperature 
in  autumn  is  78^  Fahr.,  wliile  the  bottom  water  at  a  depth  of  950 
feet  was  found  to  mark  41''  7'.  The  Lago  Sabatino  near  Kome  has  a 
temperature  of  77"^  at  the  surface,  but  one  of  44^  at  a  depth  of  490 
feet.  Similar  observations  on  other  deep  lakes  in  Switzerland  and 
Northern  Italy  indicate  the  existence  in  all  of  them  of  a  permanent 
mass  of  cold  water  at  the  bottom.  The  cold  heavy  water  of  the 
surface  in  winter  must  sink  down,  and  as  the  upper  layers  cannot  be 
heated  bv  the  direct  rays  of  the  sun,  save  to  a  trifling  and  8Ui>erficial 
extent,  tne  temperature  of  the  deep  parts  of  these  basins  is  kept 
permanently  low. 

Geological  functiona — ^Among  the  geological  functions  dis- 
charged by  lakes  the  following  may  be  notic^ : 

1st.  Iiakes  ecjualize  the  temperature  of  the  localities  in  which 
they  lie,  preventing  it  from  falhnc;  as  much  in  winter  and  rising  us 
much  in  summer  as  it  would  otherwise  do.  The  mean  annual 
temperature  of  the  surface  water  at  the  outflow  of  the  lake  of 
Geneva  is  nearly  4^  warmer  than  that  of  the  air. 

2nd.  Lakes  regulate  the  drainage  of  the  area  below  their  out&II, 
thereby  preventii^  or  lessening  the  destructive  effects  of  floods.' 

Srd.  Lakes  filter  river  water  and  permit  the  undisturbed  aocO' 
mulation  of  new  deposits,  which  in  some  modem  cases  may  cover 
thousands  of  square  miles  of  surface,  and  may  attain  a  thicknen 
of  nearly  3000  feet  (Lake  Sunerior  has  an  area  of  32,000  sauaie 
miles ;  La^o  Maggiore  is  2800  feet  deep).  How  thoroughly  takes 
can  filter  nver-water  is  typically  displayed  by  the  contrast  Mtweeo 
the  muddy  river  which  flows  in  at  the  head  of  the  lAke  of  GreneTS, 
and  the  **  bine  rushing  of  the  arrowy  Bhone,''  which  escapes  at  the 

'  Winds,  by  blowing  strongly  down  iho  length  of  a  lake,  aometimet  ooosidefaMj 
increase  for  the  time  being  the  volume  of  the  on^ow.    If  this  takes  plaoe  ooincideDtlf 
with  a  heavy  rainfsU,  the  flood  oi  the  eeeaping  river  is  greatly  augmented.  These  feato^i 
"      "     "  ~  edamatianofLand/^p.14).   UeDce.tiKW» 


are  noticed  in  Loch  Tay  (D.  Stevenson,  * ,   ^.  ..^    , 

on  the  whole  lakes  tend  to  moderate  floods  iu  the  outflowing  rivers,  th^  iii*7i  "7  * 
oombinatkn  of  ciroumstanoes,  sometiinee  increase  them. 
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foot  The  months  of  small  brooks  entering  lakes  afford  excellent 
materials  for  stadyiug  tbe  behaviour  of  silt-bearing  streams  when 
they  reach  stiU  water.  Each  rivnlet  may  be  observed  pushing 
forward  its  delta  composed  of  successive  sloping  layers  of  sediment 
{(Mk  p.  384).  On  a  shelving  bank  the  coarser  demtus  may  repose 
directly  upon  the  solid  rock  of  the  district  (Fig.  131),    But  as  it 


FiQ.  131. — Ssornov  or  a  Delta-oohx  pushed  bt  a  Brook  into  a  Lakb. 

advances  into  the  lake  it  may  come  to  rest  upon  some  older  lacustrine 
deport  (Pig.  132). 

A  river  which  flows  through  a  succession  of  lakes  cannot  carry 
moch  sediment  to  the  sea,  unless  it  has  a  long  coarse  to  run  after 
it  has  passed  the  lowest  lake^  and  receives  one  or  more  muddy 
tdbotanes.     Let  us  suppose,  for  example,  that  in  a  hilly  region,  a 


Fio.  182. — Btbbam  Dvtbitub  pushed  forwabd  oteb  a  fbetioub 

LAOC0TBIHE  BiLT  (J9.). 

stream  passes  through  a  series  of  lakes  (as  a,  b,  e,  in  Fig.  133).  As 
the  highest  lake  will  intercept  much,  perhaps  all,  of  this  sediment^  the 
i^ext  in  succession  will  receive  little  or  none  until  the  first  is  either 
filled  up  or  has  been  drained  by  the  cutting  of  a  gorge  through  the 
intervening  rock  at/.  The  same  process  will  be  repeated  at  e  and  d 
^til  the  loJces  are  efEaced,  and  their  places  are  taken  by  alluvial 
meadows. 

Besides  the  detrital  accumulations  due  to  the  influx  of  streams 
^re  are  some  which  may  properly  be  regarded  as  the  work  of  lakes 


Fio.  183.— Fn^uNO  up  of  a  buooesbioh  ov  Lakes  (£.). 

Ives.  Even  on  small  sheets  of  water  the  eroding  influence  of 
^^  waves  may  be  observed ;  but  on  large  lakes  the  wind  throws 
^  water  into  waves  which  almost  rival  those  of  the  ocean  in  size 
^^  destructive  power.  Beaches,  sand-dunes,  shore-cliffs,  and 
other  &miliar  features  of  the  meeting  line  between  land  and  sea 
'Appear  along  the  margins  of  such  great  fresh-water  seas  as  Lake 
Sviperior.  Beneadi  the  level  of  the  water  a  terrace  or  platform  is 
formed,  the  distance  from  shore  and  depth  of  which  vary  with  the 
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enerffj  of  the  wayes  by  which  it  is  produced.  This  sobaqueons 
platiorm  is  well  deyeloped  in  the  Li^e  <h  GeiieTa. 

4th«  Lakes  serve  as  basins  in  which  chemical  deposits  may  take 
place.  Of  these,  the  most  interesting  and  extensive  are  those  of  iron 
ore,  which  chiefly  occur  in  northern  latitudes  (p.  174).* 

6th.  Lakes  furnish  an  abode  for  a  lacustrine  Ceuma  and  flora, 
receive  the  remains  of  the  plants  and  animals  washed  down  from  the 
surrounding  country,  and  entomb  these  organisms  in  the  growing 
deposits,  so  as  to  preserve  a  record  of  the  terrestrial  life  of  the  period 
during  which  they  continue.  It  is  as  receptacles  of  sediment  and 
localities  for  the  nreservation  of  a  portion  of  the  terrestrial  fauna 
and  flora  that  laKes  present  their  chief  interest  to  a  geologi&t 
Their  deposits  consist  ^  of  alternations  of  sand,  silt,  mud,  and 
^vel,  with  occasional  irregular  seams  of  vegetable  matter,  and 
myers  of  calcareous  marl  formed  from  the  accumulation  of  lacustrine 
shells,  Entomostraoa,  &c.  In  lakes  receiving  much  sediment  little 
or  no  marl  can  accumulate  during  the  time  when  sediment  is 
being  deposited.  In  small,  clear,  and  not  very  deep  lakes,  on 
the  other  hand,  where  there  is  little  sediment  or  where  it  only 
comes  occasionally  at  intervals  of  flood,  beds  of  white  marl,  formed 
entirely  of  organic  remains,  may  gather  on  the  bottom  to  a  depth 
of  many  yards,  as  has  happened  in  numerous  districts  of  Scotland 
and  Ireland.  The  fresh-water  limestones  and  clays  of  some  old  lake 
basins  (those  of  Miocene  time  in  Auvergne  and  Switzerland,  and  of 
Eocene  age  in  Wyoming,  for  example)  cover  areas  occasionally 
hundreds  of  square  miles  in  extent,  and  attain  a  thickness  (» 
hundreds,  sometimes  even  thousands  of  feet. 

Existing  lakes  are  of  geologically  recent  origin.  Their  dis- 
appearance is  continually  m  progress  by  infilling  and  erosion. 
Bmdes  the  displacement  of  their  water  by  alluvial  accumuIatioDS, 
they  are  lowered  and  eventually  drained  by  the  cutting  down  of  the 
barrier  at  their  outlets.  Where  they  are  effaced  merely  by  erosion 
it  must  be  an  excessively  slow  process,  owing  to  the  filtered  character 
of  the  water  (p.  878),  but  where  it  is  performed  by  the  retrocession 
of  a  waterfall  at  the  head  of  an  advancmg  gorge  it  maybe  relatively 
rapid.'  It  is  usual  to  find  in  a  river  course  a  lake-like  expansion  M 
idluvial  land  above  each  gorge.  These  plains  may  be  r^arded  as 
old  lake-bottoms,  which  have  been  drained  by  the  cutting  ont  of 
the  ravines.  It  is  likewise  common  to  meet  with  successive  terraces 
fringing  a  lake  and  marking  former  levels  of  its  waters.  When  we 
reflect  upon  the  continued  operation  of  the  agencies  which  tend  to 
eflface  them,  the  lakes  now  extant  are  seen  to  be  necessarily  of  oom- 

Eratively  recent  date.    Their  modes  of  origin  are  discussed  in 
K)kVII. 

'  For  an  elaborate  paper  on  theee  lake-ores  (See-ene)  tee  Bkapft,  Z.  Demim^.  (W. 
Ou.  ZTiii.  np.  8C-173 ;  alao  potUn  Section  IIL  p.  462. 

'  The  level  of  Uie  Lake  of  Qeneva  is  said  to  have  been  lowered  aboot  six  and  a  ball 
foot  si noe  Bonion  times  (BmU.  Soe,  GM.  France  (8),  iiL  p.  140) ;  bat  this  maj  be  ezplioible 
Irjr  dlmiaatioD  in  the  water  snpplj. 
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XL  Saline  Lakes,  considered  chemically^  may  be  grouped  as 
aoK  lakeBy  where  the  chief  eonaUineiitB  Bsre  eodinm  mod  magnennm 
dkloridee  with  magnesium  and  calcium  sulphates;  and  bUUr  laken, 
which  usually  are  distinguished  by  their  large  percentage  of  sodium 
carbonate  as  well  as  chloride  and  sulphate  (natron-lakes),  sometimes 
by  their  proportion  of  borax  (borax  lakes).  From  a  geological 
point  of  yiew  they  may  be  divided  into  two  classes — (1)  those 
which  owe  their  saltness  to  the  eyaporation  and  concentration  of 
the  firesh  water  poured  into  them  by  their  feeders ;  and  (2)  those 
which  were  originally  parts  of  the  ocean. 

(a)  Salt  and  bitter  lakes  of  terrestrial  origin  are 
abundantly  scattered  oyer  inland  areas  of  drainage  in  the  heart  of 
continents,  as  in  Utah  and  adjacent  Territories  of  North  America, 
and  in  the  preat  plateau  of  Central  Asia.  These  sheets  of  water  were 
doubtless  fresh  at  first,  but  they  haye  progressively  increased  in 
lalinity,  because,  though  the  water  is  evaporated,  there  is  no  escape 
for  its  dissolved  salts,  which  consequently  remain  in  the  increasingly 
concentrated  liquid. 

The  Great  Salt  Lake  of  Utah,  which  has  now  been  so  carefully 
studied  by  Gilbert  and  other  geologists,  may  be  taken  as  a  typical 
example  of  an  inland  basin,  formed  by  unequal  subterranean  move- 
ment that  has  intercepted  the  drainage  of  a  large  area,  whei^in 
ndnfall  and  eyaporation  on  the  whole  balance  each  other,  and  where 
the  water  becomes  increasingly  salt  from  evaporation,  but  is  liable 
to  fluctuations  in  level,  according  to  oscillations  of  meteorological 
conditions.  The  present  lake  occupies  an  area  of  rather  more 
than  ^}00  square  miles,  its  surface  being  at  a  height  of  4250  feet 
above  the  sea.  It  is,  however,  merely  the  shrunk  remnant  of 
a  once  fiir  more  extensive  sheet  of  water  to  which  the  name  of 
Lake  Bonneville  has  been  given  by  Gilbert  It  is  partly  surrounded 
with  mountains,  along  the  sides  of  which  well-defined  lines  of 
terrace  mark  former  levels  of  the  water.  The  highest  of  these 
terraces  lies  about  940  feet  above  the  present  surface  of  the  lake,  so 
that  when  at  its  greatest  dimensions,  this  vast  sheet  of  water  must 
have  stood  at  a  level  of  about  5200  feet  above  the  sea,  and  covered 
an  area  of  300  miles  from  north  to  south,  and  180  miles  in  extreme 
width  from  east  to  west.  It  was  then  certainly  fresh,  for,  having  an 
outlet  to  the  north,  it  drained  into  the  Pacific  Ocean,  and  in  its 
stratified  deposits  an  abundant  lacustrine  moUuscan  faana  has  been 
found.  According  to  Gilbert  there  are  proofs  that  previous  to  the 
gr^t  extension  of  Lake  Bonneville,  there  was  a  dry  period,  during 
which  considerable  accumulations  of  subaerial  detritus  were  formed 
along  the  slopes  of  the  mountains.  A  great  meteorological  change 
then  took  place,  and  the  whole  vast  basin,  not  only  that  termed  Lako 
Bonneville,  but  a  second  large  basin.  Lake  Lahontan  of  King,  lying  to 
the  west  and  hardly  inferior  in  area,  was  gradually  filled  with  fresh 
water.  Again  another  meteorological  revolution  supervened  and  the 
dimate  once  more  became  dry»    The  waters  shrank  back^  and  in  so 


Digitized  by 


Google 


896 


DYNAMICAL  GEOLOGY. 


[Book  III. 


doing,  when  they  had  sunk  below  the  level  of  their  outlet,  began  to 
grow  increasingly  saline.  The  decrease  of  the  water  and  the  increase 
of  salinity  were  in  direct  relation  to  each  other,  until  the  present 
degree  of  concentration  has  been  reached,  as  shown  in  the  table 
(p.  398).  The  Great  Salt  Lake,  at  present  haying  an  extreme  depth  of 
less  than  50  feet,  is  still  subject  to  oscillations  of  level.  When 
suryeyed  by  the  Stansbury  expedition  in  1849,  its  level  was  eleven 
feet  lower  than  in  187Y,  when  the  Survey  of  the  40th  Parallel 


Fio.  ISi. — ^Tkbbaobs  of  Great  Salt  Lake,  on  thb  wlaseb  or  the 
Wahbatch  Mouktaikb. 

examined  the  ground.  From  1866,  however,  a  slow  subsidence  of  the 
lake  has  been  in  progress,  consequent  upon  a  diminution  of  the 
rainfall  Large  tracts  of  flat  land  formerly  under  water  are  being 
laid  bare.  As  the  water  recedes  from  them  and  they  are  exposed  to 
the  remarkably  dry  atmosphere  of  these  r^ons,  they  soon  beooma 
crusted  with  a  white  saliferous  and  alkaline  deposition,  which  likewise 
permeates  the  dried  mud  underneath.  So  strongly  saline  are  the 
waters  of  the  lake,  and  so  rapid  the  evaporation,  as  I  found  on  trial 
that  one  floats  in  spite  of  himself,  and  the  under  surfaces  of  the 
wooden  steps  leading  into  the  water  at  the  bathing-places  are  hung 
with  short  stalactites  of  salt  from  the  evaporation  of  tlie  drip  of  the 
emergent  bathers.^ 

(p)  Salt  lakes  of  oceanic  origin  are  comparatively  km 
in  number.  In  their  case  portions  of  the  sea  have  been  ieolsted  bjr 
movements  of  the  earth's  crust,  and  these  detached  areas,  exposed  to 
evaporation,  which  is  only  partially  compensated  by  inflowing  rifen, 
have  shrunk  in  level,  and  at  the  same  time  have  sometimes  grown 
much  Salter  than  the  parent  ocean.  The  Caroian  Sea,  180,000  eqiure 
miles  in  extent,  and  with  a  maximum  depth  or  from  2000  to  3000  feeti 
is  a  magnificent  example.  The  shells  living  in  its  waters  are  <^^ 
the  same  as  those  of  the  Black  Sea.    Banu  of  them  may  be  traced 

*  Much  information  regarding  tlie  Great  Basin  and  its  lakea  is  to  be  ftwnd  in  foL  iS- 
«r  Wheeler^!  Survey,  and  in  toIi.  i.  and  ir.  of  the  Survey  of  Ifte  40^  PurattA. 
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between  the  two  seas,  with  salt  lakes,  marshes,  and  other  evidences 
to  prove  that  the  Caspian  was  once  joined  to  the  Black  Sea,  and  had 
thus  communication  with  the  main  ocean.  Li  this  case  also  there  are 
proofs  of  considerable  changes  of  water  level.  At  present  the  surface 
of  the  Caspian  is  eightv-five  and  a  half  feet  below  that  of  the  Black 
Sea.  The  Sea  of  Aral,  also  a  salt  basin,  and  once  probably  united 
with  the  Caspian,  now  rests  at  a  level  of  242*7  feet  above  that  sheet 
of  water.  Tne  steppes  of  South-eastern  Bussia  are  a  vast  depression 
with  numerous  salt  Jakes  and  abundant  saline  and  alkaline  aeposits. 
It  has  been  supposed  that  this  depression  continued  far  to  the  north, 
and  that  a  great  firth,  running  up  between  Europe  and  Asia,  stretched 
completely  across  what  are  now  the  eteppes  and  plains  of  the  Tandras 
till  It  merged  into  the  Arctic  Sea.  Seals  of  a  species  (Phoca  easpica) 
which  may  be  only  a  variety  of  the  common  northern  form  (Ph.  fcetida) 
abound  in  the  Caspian,  which  is  the  scene  of  one  of  the  chief  seal- 
fisheries  of  the  world.^  On  the  west  side  of  the  Ural  chain,  even  at 
present,  by  means  of  canals  connecting  the  rivers  Volga  and  Dwina, 
vesBek  can  pass  from  the  Caspian  into  the  White  Sea.^ 

The  cause  of  the  isolation  of  the  Caspian  and  the  other  saline 
baans  of  that  region,  is  to  be  sought  in  underground  movements 
wbich,  according  to  Helmersen,  are  still  in  progretss,  but  partly,  and, 
in  the  case  of  the  smaller  baskis,  probably  chiefly,  in  a  general 
diminution  of  the  water  supply  all  over  Central  Asia  and  the  neigh- 
hourinff  regions.  The  rivers  that  flow  from  the  north  towards  Lake 
Bi^lkash,  and  that  once  doubtless  emptied  into  it,  now  lose  them- 
selTes  in  the  wastes  and  are  evaporated  before  reaching  that  sheet 
of  water,  which  is  fed  only  from  the  mountains  to  the  south.  The 
<^nels  of  the  Amur  Darya,  Sir  Darya,  and  other  streams  bear  witness 
^  to  the  same  j^nerai  desiccation.^  The  change,  however,  must 
be  extremely  graoual.  At  present  the  amount  of  water  supplied 
hy  rivers  to  the  Caspian  appears  just  to  balance  that  removed  by 
^TaporatioUy  though  tnere  are  slight  yearly  or  seasonal  fluctuations. 

Owing  to  the  enormous  volume  of  fresh  water  poured  into  it  by 
these  rivers,  the  Caspian  is  not  as  a  whole  so  salt  as  the  main  ocean, 
^  still  less  so  than  the  Mediterranean.  Nevertheless  the  inevitable 
'^t  of  evaporation  is  there  manifested.  Along  the  shallow  pools 
vhich  border  this  sea  a  constant  deposition  of  salt  is  taking  place, 
formmg  sometimes  a  pan  or  layer  of  rose-coloured  crystals  on  the 
bottom,  or  gradually  getting  dry,  and  covered  with  drilt  sand.  This 
concentration  of  the  water  is  particularly  marked  in  the  great  ofishoot 

^Another  yariety  or  speoiea  of  seal  inhabits  Lake  Baikal.  For  an  aocount  of  the 
"^iictoret  and  distributioD  of  seals  see  an  interesting  monoffraph  by  J.  A.  Allen  in 
S'ffOMieouM  PubUeatioM  of  U,8,  Geological  and  Otographical  Survey  of  the  Territories. 
^iriungton,  1880. 

*  Gimnt  Ton  Uelmersen,  howerer,  has  recently  stated  his  belief  that  for  this  extreme 
JJ^^^Wi  pfrolongation  of  the  Aralo-Caspian  Sea  there  is  no  OTidence.  The  shells,  on 
1^  pveienoe  of  which  orer  the  Tundras  the  opinion  was  obieflpr  based,  are,  acoordiog 
*^.  <^  ill  freshwater  species,  and  there  are  no  marine  shells  of  h? ing  spedee  to  be  met 
*^  in  the  plains  at  the  foot  of  the  Ural  Moontains. 

'  BiUL  Aiead,  Imp.  St.  Pelertbourg,  xxt.  p.  535  (1879). 


Digitized  by 


Google 


398 


DYNAMICAL  GEOLOGY. 


[Book  IIL 


called  the  Earaboghaz,  which  is  conuected  with  the  middle  basin  of 
the  Caspian  by  a  channel  150  yards  wide  and  5  feet  deep.  Throngh 
this  narrow  mouth  there  flows  from  the  main  sea  a  constant  cnrrent, 
which  Yon  Baer  estimated  to  carry  daily  into  the  Karaboghaz 
850,000  tons  of  salt.  An  appreciable  increase  of  the  saltnees  of  that 
gulf  has  been  noticed :  seals,  which  once  frequented  it,  have  forsaken 
its  barren  shores.  Layers  of  salt  are  gathering  on  the  mad  at  the 
bottom,  where  they  have  formed  a  salt-bed  of  unknown  extent,  and 
the  sounding-line,  when  scarcely  out  of  the  water,  is  coyered  with 
saUne  crystals.^ 

The  following  table  shows  the  proportion  of  the  saline  materials 
in  the  waters  of  some  salt  lakes : 


Caspian  Sea. 

L 

Qreat  Salt  Lake. 

Utah.    (CD. 

Alleii.) 

"a 

i 
1 

Oonstitneni  (except 
where  otherwise  stated). 

B.Ural 
(Qobel). 

At  Baku 
(Ablch). 

Chloride  of  Sodium.    . 
MscnesiiiiD 
CUdom    . 

Bromide  of  Msgnedmn 

M         Poussiiim. 

,        ICsgoesmm 

Water 

0-3$73 
0*0«33 
••0013(llg00t) 

••007ft 

trace. 

o-'omcoioo,) 

0*1337 
9»*380« 

8-5367 
0*3039 

tract    . 

10743 

••0M4  (OaCOs) 
3*3lt3 
M-7906 

33*f38 
1-736 

0*101 

0005 
0*043 

0*346 
7S*t43 

11*8038 
1*4008 

I  Chlorttte)       ) 

•*OSM 
••ftses 

•*»S3KNaS04) 
••*0000 

l»*75 
••83 

i*'« 

7^*«7  ) 

UtTT* 

4*TJfr 
•-nv* 

••tin 

7S*f« 

lOO^OOOO 

lOO-OOOO 

10«*00« 

lOO'O^^ 

l«0*fO»|l«t*OlN 

Deposits  in  Salt  and  Bitter  Lakes. — ^The  study  of  the  pre- 
cipitations which  take  place  on  the  floors  of  modem  salt  lakes  if 
important  in  throwing  light  upon  the  history  of   a  number  of 
chemically  formed  rocks.    The  salts  in  these  waters  accumulate 
until  their  point  of  saturation  is  reached,  or  until  by  chemical  re- 
action they  are  thrown  down.    The  least  soluble  are  naturally  the 
flrst  to  appear,  the  water  becoming  progressirely  more  and  more 
saline  till  it  reaches  a  condition  like  that  of  the  mother  liquor  of 
a  salt  work.    Gypsum  begins  to  be  thrown  down  from  sea-water 
when  37  per  cent  of  water  has  been  eyaporated,  but  93  per  cent  of 
water  must  be  driven  ofl"  before  chloride  of  sodium  can  b^in  to 
be  deposited.     Hence  the  concentration  and  evaporation  of  the 
water  of  a  salt  lake  having  a  composition  L'ke  tnat  of  the  ses 
would  give  rise  first  to  a  layer  or  sole  of' gypsum  followed  by  one 
of  rock-salt.    This  has  been  found  to  be  the  normal  order  amcog 
the  various  saliferous  formations  in  the  earth's  crust.    But  gyp^^^ 
may  be  precipitated  without  rock-salt,  either  because  the  ^^^J'V 
diluted  Wore  the  point  of  saturation  for  rock-palt  was  reached, 

>  Von  Bmst,  op.  «<<.  (1855-6).  BeeBlm>CtJV^im,Jomrn.Bop.Gtoa.Boe,rrT^<^^ 
For  the  oompontion  of  the  water  of  Mtlt  and  bitter  lakea,  see  the  analjaai  coUeew  07 
Both  in  hU  ^«  OhemiKshe  Geologies*'  i.  p.  468,  e<  009. 
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or  because  the  salt,  if  deposited,  has  been  subsequently  dissolred  and 
lemoFed.  In  eyery  case  where  an  alternation  of  layers  of  gypsum; 
and  rock-salt  occurs,  there  must  have  been  repeated  renewals  o£  the 
water  supply,  each  gypsnm  zone  marking  the  commencement  of  a 
new  series  ca  precipitatea 

But  the  composition  of  many  existing  saline  lakes  is  strikingly 
unlike  that  of  the  sea  in  the  proportions  of  the  different  constituents* 
Some  of  them  contain  carbonate  of  sodium ;  in  others  the  chloride  of 
magnesium  is  enormously  in  excess  of  the  less  soluble  chloride  of 
aodium.  These  yariations  modify  the  effects  of  the  evaporation  of 
idditioual  supplies  of  water  now  poured  into  the  lakes.  Tne  presence 
of  the  sodium  carbonate  causes  the  decomposition  of  lime  salts  and 
the  ooDsequent  precipitation  of  calcium  carbonate  accompanied  with 
a  dight  admixture  of  magnesium  carbonate,  while  by  further 
addition  ci  the  sodium  carbonate  a  hydrated  magnesium  carbonate 
inay  be  eventually  precipitated.  Hunt  has  shown  that  solutions  of 
lac^bonate  of  lime  decompose  sulphate  of  magnesia  with  the  con« 
aeqTient  precipitation  of  CTpsum,  and  eventually  also  of  hydrated  car-* 
b^te  of  magnesia^  which,  mingliug  with  carbonate  of  lime,  may  ^ve 
nae  to  dolomite.^  By  such  processes  the  marls  or  clays  deposited 
on  the  floors  of  inland  seas  and  salt  lakes  may  conceivably  be  impreg- 
nated and  interstratified  with  gypseous  and  dolomitic  matter,  though 
in  the  Trias  and  other  ancient  formations  which  have  been  formed  in 
^^^losed  saline  waters,  the  magnesian  chloride  has  probably  been  the 
chief  agent  in  the  production  of  dolomite  (o/nie  p.  305). 

The  Dead  Sea,  Elton  Lake,  and  other  very  salt  waters  of  the 
Aralo-Gaspian  depression  are  interesting  examples  of  salt  lakes 
£ur  advanced  in  the  process  of  concentration.  The  great  excess  of 
the  maguesium  chloride  shows,  as  Bischof  pointed  out,  that  the  waters 
of  these  basins  are  a  kind  of  mother  li(|uor,  from  which  most  of  the 
aodiom  chloride  has  already  been  deposited.    The  greater  the  pro* 

Ertion  of  the  ma^esium  chloride  tne  less  sodium  chloride  can  be 
Id  in  solution.  Mence  as  eocm  as  the  waters  of  the  Jordan  and  other 
B^feams  enter  the  Dead  Sea,  their  proportion  of  sodium  chloride 
(which  in  the  Jordan  water  amounts  to  from  •0525  to  -0603  per  cent) 
is  BJt  once  precipitated.  With  it  there  goes  down  gypum  in  crvstals, 
also  the  carbonate  of  lime  which,  though  present  m  the  tributary 
streams,  is  not  found  in  the  waters  of  the  Dead  Sea.  In  spring 
^  rains  bring  large  quantities  of  muddy  water  into  this  sea. 
Owing  to  dilution  and  diminished  evaporation,  a  check  must  be 
given  to  the  deposition  of  common  salt,  and  a  layer  of  mud  i9 
ronned  over  the  bottom.  Aa  the  summer  advances,  and  the  supply 
of  water  and  mud  decreases,  while  evaporation  increases,  the  deposition 
of  salt  and  gypsum  again  proceeds.'  As  the  level  of  the  Dead 
Seaig  liable  to  variations,  parts  of  the  bottom  are  from  time  td 
^e  exposed,  and  show  a  sur&ce  of  bluish  gray  clay  or  marl  full 

>  Sterry  Hnnt,  in  "  Geology  of  Oanada"  (1868),  p.  575.'  I 

*  Bucbof,  *•  CheuL  G«ol."  L  p.  397.    Both,  «*C1kiil  GeoL"  L  p.  476. 
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of  crystals  of  common  salt  and  gypsum.  Beds  of  similar  ealiferoai 
and  gypsiferoQS  clays  with  bands  of  gypsnm  rise  along^  the  slopec 
for  some  height  above  the  present  samce  of  the  water,  and  mark 
the  deposits  left  when  the  Dead  Sea  covered  a  larger  area  than  il 
now  does.  Save  occasional  impressions  of  drifted  terrestrial  plants, 
these  strata  contain  no  organic  renmins.^  Interesting  details  rej^trd- 
ing  saliferoos  deposits  of  recent  origin  on  the  site  of  Uie  Bitter  I^Jces 
were  obtained  during  the  construction  of  the  Suess  CanaL  Beds  of 
salt  interleaved  with  laminse  of  clay  and  gypsum  crystals  were  f<mnd 
to  form  a  deposit  upwards  of  30  feet  thick,  extending  along  21  nules 
in  length  by  about  8  miles  in  breadth.  No  fewer  ^an  42  layers  of 
salt,  from  3  to  18  centimetres  thick,  could  be  counted  in  a  depth  o£ 
2*46  metres.  A  deposit  of  earthy  gypsum  and  day  was  asoertamed  to 
have  a  thickness  of  367  feet  (112  metres),  and  another  bed  of  nearly 
pure  crumbling  gypsum  to  be  about  230  feet  (70  metres)  deen.* 

The  desiccated  floors  of  the  great  saline  lakes  of  Utah  and  Nerads 
have  revealed  some  interesting  facts  in  the  history  of  saliferoos 
deposits.    The  ancient  terraces  marking  former  levels  of  these  lakes 
are  cemented  by  ta£e^  which  appears  to  have  been  abondantly  formed 
along  the  shores  where  the  waters  of  the  brooks  mingled  with  that 
of  the  lake  and  immediately  parted  with  their  lime.    Even  at  present 
oolitic  grains  of  carbonate  of  lime  are  to  be  found  in  course  of^forma- 
tion  along  the  margin  of  Great  Salt  Lake,  though  carbonate  o(  Uwe 
has  not  l^n  detected  in  the  water  of  the  lake,  being  at  once  precipi- 
tated in  the  sab'ne  solution.    The  site  of  the  ancient  salt  lake  which 
has  been  termed  Lake  Lahontan,  displays  areas  several  square  miles 
in  extent  covered  with  deposits  of  calcareous  tufa  twenty  to  sixty  and 
even  one  hundred  and  fifty  feet  thick.  This  tafia,  however,  presents  t 
remarkable  peculiarity.    It  is  sometimes  almost  wholly  composed  of 
what  have  been  determined  to  be  calcareous  pseudomorphs  after 
gaylussite  (a  mineral  composed  of  carbonates  of  calcium  and  sodiom 
with  waterjf— the  sodium  of  the  mineral  having  been  replaced  by 
calcium.    When  this  tufa  was  originally  formed  the  waters  of  tl^ 
vast  lake  must  have  been  bitter,  lUce  those  of  the  little  soda  lakef 
which  now  lie  on  its  site— a  dense  solution  ^in  which  carbonate  of 
soda  predominated.    On  the  mar^n  of  one  of  the  present  Soda 
Lakes  crystals  of  gaylussite  now  form  in  the  drier  seasons  of  the 
year.    Yet  no  trace  of  carbonate  of  lime  has  been  detected  i^^^ 
water.     The  carbonate  of  lime  in  the  crystals  must  be  ^^^ 
from  water,  which  on  entering  the  saline  lakes  is  at  once  deprived 
of  its  lime.' 

§  5.  Terrestrial  Ice. 

Fresh  water,  under  ordinary  circumstances,  when  it  reaebes  • 
temperature  of  32^  Fahr.  passes  into  the  solid  state  by  crystallixiBg 

•  Lartet,  BuU,  8oe,  QioL  (2iid  wh\  xxit  p.  450,  ttmq,  .__, 
'  Lenept,  Ann.  Chim,  et  Pky$,  (5),  iu.  p.  139.    Bader,  V^rkandL  £.  K.  BtU^''^ 

1869.  p.  28S. 

•  KiDg,  Exploration  of  the  iOth  PwraUd,  i.  p.  510. 
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into  ioe.  In  this  condition  it  performs  a  series  of  important 
logical  operations  before  bein^  again  melted  and  relegated  to 
the  general  mass  of  liquid  terrestrial  waters.  Five  conditions  nnder 
whi(^  ice  occurs  on  the  land  deserve  notice^  viz.^  frosty  frozen  rivers 
and  lakes^  hail,  snow,  and  glaciers. 

Frost — Water  in  freezing  expands.  If  it  be  confined  in  such 
ft  vay  that  expansion  is  impossible,  it  remains  liqnid  even  at  tem- 
p^atores  far  oelow  the  freezing  point;  but  the  instant  that  the 
presBore  is  removed  this  chilled  water  becomes  solid  ice.  There  is  a 
ooogtant  effort  on  the  part  of  the  water  to  expand  and  become  solid, 
▼ery  considerable  pressure  being  needed  to  counterbalance  this 
eipansive  power,  which  increases  as  the  temperature  sinks.  At  30^ 
Fahr.  the  pressure  must  amount  to  146  atmospheres,  or  the  weight 
of  a  column  of  ice  a  mile  high,  or  138  tons  on  the  square  foot 
Consequently  when  the  water  freezes  at  a  lower  temperature  its 
pressure  on  the  walls  of  its  enclosing  cavity  must  exceed  138  tons  on 
tlie  square  foot.  Bombshells  and  cannon  filled  with  water  and 
Wmetically  sealed  have  been  burst  in  strong  frosts  by  the  expansion 
of  the  freezing  water  within  them.  In  nature  the  enormous  pressures 
vhicfa  can  be  obtained  artificially  occur  rarely  or  not  at  all,  because 
tke  snaces  into  which  water  penetrates  can  hardly  ever  be  so  securely 
closed  as  to  permit  the  water  to  be  cooled  down  considerably  below 
32rFahr.  before  freezing.  But  ice  forming  at  even  two  or  three 
<^rees  below  the  freezing  point  exerts  an  enormous  disruptive 
farce. 

Soils  and  rocks  being  all  porous,  and  usually  containing  a  good 
deal  of  moisture,  have  their  particles  pushed  asunder  by  the  freezing 
pf  this  interstitial  water.  Stones,  stumps  of  trees  or  other  objects 
iQibedded  in  the  ground  are  squeezed  out  of  it.  When  a  thaw  comes, 
ft©  8oil  seems  as  if  it  had  been  ground  down  in  a  mortar.  Water 
^^©ezing  in  the  innumerable  joints  and  fissures  of  rocks  exerts  great 
P'^auie  upon  the  walls  between  which  it  lies,  pushing  them  asunder 
w  if  a  wedge  were  driven  between  them.  When  this  ice  melts,  the 
^parated  masses  do  not  return  to  their  original  position.  Their 
centre  of  gravity  in  successive  winters  becomes  more  and  more 
placed,  until  the  sundered  masses  fall  apart.  In  mountainous 
oistricts,  where  the  winters  are  severe,  and  in  high  latitudes,  much 
jaste  is  thus  produced  on  exposed  cliffs  and  loose  blocks  of  rock. 
Some  measure  of  its  magnitude  may  be  seen  in  the  heaps  of  angular 
^bbish  which  in  these  regions  so  frequently  lie  at  the  toot  of  crags 
*J^<i  steep  slopes.  At  Spitzbergen  and  on  the  coast  of  Greenland  the 
obflenred  amount  of  destruction  caused  by  frost  is  enormous.  The 
short  warm  summer,  melting  the  snow,  fills  the  pores  and  joints  of 
1^6  rocks  with  water,  which  when  it  freezes  splits  off  large  blocks, 
l^nnching  them  to  the  base  of  the  declivities,  where  they  are  further 
broken  up  by  the  same  cause. 

Frozen  Rivero  and  Lakes. — ^In  countries  such  as  Canada  the 
^08  and  rivers  are  frozen  over  in  winter  with  a  cake  of  ice  Ij^  to  2j^ 

2  D 
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feet  thick.    A  yast  amount  of  anchor-iee  is  likewise  formed  on  the 
bottoms  of  the  rivers  and  rises  to  the  surface.    In  several  ways 
geological  changes  are  thus  effected.    Mud,  grayel,  and  bonlders, 
enca^  in  the  anchor-ice  or  pushed  along  by  it  on  the  bottom,  are 
moved  from  their  position.    This  ice,  formed  in  considerable  quantity 
in  the  rapids  of  the  Canadian  rivers,  is  carried  down  stream  and 
accumulates  against  the  bars  and  banks  or  is  pushed  over  upon  the 
surface  of  the  upper  ice.     By  its  accumulation  a  temporary  barrier 
is  formed,  the  bursting  of  which  causes  destructive  floods.      When 
the  ice  brei&ks  up  in  early  summer,  cakes  of  it  which  have  formed  along 
shore  and  have  enclosed  beach- pebbles  and  boulders,  float  off  so  as 
either  to  drop  these  in  deeper  water  or  to  strand  them  on  some  other 
part  of  the  shore.    This  kind  of  transport  takes  place  on  a  great 
scale  on  the  St.  Lawrence.     The  islets  of  boulder  clay  and  sob'd  rock 
are  fringed  with  blocks  which  have  been  stranded  by  ice  and  which 
ore  ready  to  be  again  enclosed,  and  floated  off  further  down  stream. 
Should  a  gale  arise  during  the  breaking  up  of  the   frost,  vast 
piles  of  ice,  with  mingled  gravel  and  boulders,  may  be  driven  ashore 
and  pushed  up  the  beach  ;  even  blocks  of  stones  of  considerable  size, 
are  sometimes  forced  to  a  height  of  several  yards,  tearing  up  the 
soil  on  their  way,  and  helping  to  form  a  bank  above  the  water  level. 
In  the  same  river  great  destruction  of  banks  has  been  caused  by 
rafts  of  ice,  and  particularly  of  anchor-ice.    Crab  Island,  for  example, 
which  was  about  an  acre  and  a  half  in  extent  at  the  beginning  of  this 
century,  has  entirely  disappeared,  its  place  being  indicated  merely 
by  a  strong  ripple  of  the  water,  which  is  every  yenr  getting  deeper 
over  the  site.^     Other  islands  have  also  been  destroyed.     Great 
damage  is  frequently  done  to  qua^s  and  bridges  in  the  same  region 
by  masses  of  river-ice  driven  against  them  on  the  arrival  of  spring, 
lieference  has  already  been  made  to  the  increased  power  of  transport 
and  erosion  acquired  bv  rivers  liable  to  be  frozen  over,  and  especially 
when  their  ice  is  broKen  up  in  the  higher  parts  of  their  cooises, 
before  it  gives  way  in  the  lower  (p.  368). 

Hail,  the  formation  of  vvhieh  is  not  yet  well  understood,  &lli 
chiefly  in  summer  and  during  thunderstorms.  When  the  pellets  of 
ice  are  frozen  together  so  as  to  reach  the  ground  in  lumps  as  lanre  us 
a  pigeon's  egg,  or  larger,  groat  damage  is  often  done  to  cattle,  fl}in^ 
birds,  and  vegetation.  Tree^  have  their  leaves  and  fruit  torn  off,  an^ 
farm  crops  are  beaten  down. 

SnoWd — ^In  those  parts  of  the  earth's  surface  where,  either 
from  geographical  position  or  from  elevation  into  the  upper  cold 
regions  of  tbe  atmosphere,  the  mean  annual  temperature  is  oelow  the 
freezing  point,  the  condensed  moisture  falls  chiefly  as  snow,  ana 
^mains  in  great  measure  unmelted  throughout  the  year.  A  li»o 
termed  the  sncw-line  can  be  traced,  below  which  the  snow  disappW 
in  summer,  but  above  which  it  continues  to  cover  the  whole  or  gr**^ 
part  of  the  surface.  The  snow- line  comes  down  to  tlie  sea  within  UJ« 
*  Bleaklell,  Q.  J.  G§oL  8oe.  xxvi  p.  669 ;  xxviii.  p.  392. 
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polar  circles.  Between  these  limits  it  rises  gradually  in  lever  till  it 
reaches  its  highest  elevation  in  tropical  latitudes.  South  of  lat.  78^ 
N.  it  begins  to  retire  from  the  sea-level,  so  that  on  the  coast  of 
northern  Scandinavia  it  is  already  nearly  3000  feet  above  the  sea. 
None  of  the  British  mountains  quite  reach  it.  In  the  Alps  it  stands 
at  8500  feet,  on  the  Andes  at  18,000  feet>  and  on  the  northern 
slopes  of  the  Himalayas  at  19,000  feet. 

Snow  exhibits  two  different  kinds  of  geological  behaviour,  (1) 
conservative,  and  (2)  destructive.  (1)  Lying  stationary  and  unmelted 
it  exercises  a  protective  influence  on  the  face  of  the  land,  shielding 
rocks,  soils,  and  vegetation  from  the  effects  of  frost.  On  low  grounds 
tliis  is  doubtless  its  chief  function.  (2)  When  snow  falls  in  bl, 
partially  melted  state  it  is  apt  to  accumulate  on  branches  and  leaves, 
until  by  its  weight  it  breaks  them  off,  or  even  bears  down  entire 
trees.  Great  destniction  is  thus  caused  in  dense  forests.  Snow 
which  £Eills  thickly  on  steep  mountain  elopes  is  frequently  during 
spring  and  summer  detached  in  large  sheets.  These  rush  aown  the 
declivities  as  avalanehes,  and  swet'p  away  trees,  soil,  crops,  and 
hoQses.  Another  indirect  effect  of  snow  is  seen  in  the  sudden  rise 
of  rivers  when  warm  weather  rapidly  melts  the  mountain  snows. 
Many  summer  freshets  are  thus  caused  in  Switzerland.  It  is  to  the 
melting  of  the  snows,  rather  than  to  rain,  that  rivers  descending  from 
snowy  mountains  owe  their  periodical  floods.  Hence  such  rivers 
attain  their  greatest  volume  in  summer.  A  curious  destructive 
action  of  snow  has  been  observed  on  the  sides  of  the  Eocky  Mountains, 
where  the  drifting  of  snow  crystals  by  the  wind  in  some  of  the  passes 
has  damaged  and  even  killed  the  pine  trees,  wearing  away  the 
foliage,  cutting  off  the  bark  and  even  sawing  into  the  wood  for 
several  inches.^ 

Glaciers^  are  rivers  of  ice  formed  by"  the  slow  movement  and 
compression  of  the  snow  which  by  gravitation  creeps  downward  into 
valleys  descending  from  snow-nelds.  The  snow  in  the  higher 
regions  is  loose  and  granular.  As  it  moves  downward  it  becomes 
firmer,  passing  into  the  condition  of  neve  ox  Jim  ^p.  111).  Gradually 
as  the  separate  granules  are  pressed  together  ana  the  air  is  squeezed 
out,  the  mass  assumes  the  character  of  blue  compact  crystalline  ice. 
From  a  geological  point  of  view  a  glacier  may  be  regarded  as  the 
drainage  of  the  snowfall  above  the  snow-line,  as  a  river  is  the 
drainage  of  the  rainfall.  A  glacier,  like  a  river,  is  always  in  motion, 
though  so  slowly  that  it  seems  to  be  solid  and  stationary.  The  motion 
alM),  like  that  of  a  river,  and  for  the  same  reason,  is  unequal  in  the 
different  parts,  the  centre  moving  faster  than  the  sides  and  bottom. 
This  important  fact  was  first  ascertained  through  accurate  measure* 

*  Clarence  King,  Exploration  of  iOth  Parattel,  i.  p.  527. 

'  On  gUciere  and  their  geological  work,  see  De  SuTraatire,  ^  Voyages  dana  Ici  Alpesi,*' 
i  535;  Agasinz,  ''Etudes  sur  lea  glaciers,"  1840;  Rendu,  *'Th^rie  des  glaciers  de  la 
^▼oie,"  JCmi.  At^d,  Savoie,  x.,  translated  into  English  1875 ;  J.  D.  Forbes,  "  TraveU 
in  the  AIims**  1843 ;  "  Norway  and  iU  Glaciers,"  1853 ;  "  Onrasional  Papers  on  Glaciers/' 
l»5ft ;  Tyndall, "  Glaciers  of  the  Alps,"  1857 ;  Mousson, "  Gletscher  der  Jftitateit,"  1854. 
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ment  by  J.  D.  Forbes,  who  found  that  in  the  Mer  de  Glace  of 
Chamonni,  the  mean  daily  rate  of  motion  in  the  summer  and  autumn 
was  from  20  to  27  inches  in  the  centre,  and  from  13  to  19^  near  the 
side.  Helland  has  observed  that  on  the  west  coast  of  Greenland  the 
glacier  of  Jacobshavn  has  a  remarkably  rapid  motion,  its  rate  for 
twenty-four  hours  ranging  from  14*70  metres  (48*2  feet)  to  19^7 
metres  (64*8  feet).  The  consequence  of  this  differential  motion  is 
seen  in  the  internal  banded  structure  of  a  glacier,  in  the  downward 
curvature  of  the  transverse  fissures  (crevasses),  and  in  the  arran|;e- 
ment  of  the  lines  of  rubbish  thrown  down  at  the  termination,  which 
often  present  a  horse-shoe  shape,  corresponding  to  that  of  the  end 
of  the  ice  by  which  they  were  dischargea.^ 

Some  features  of  geological  importance  in  the  behaviour  of  the 
ice  as  it  descends  its  valley  deserve  mention  here.  When  a  glacier 
has  to  travel  over  a  very  uneven  floor,  some  portions  may  get 
embayed,  while  overlying  parts  slide  over  them.  A  massive  ice- 
sheet  may  thus  have  many  local  eddies  in  its  lower  portions,  the  ice 
there  even  travelling  for  various  distances,  according  to  the  nature  of 
the  ground,  obliquely  to  the  general  flow  of  the  main  mass.  In 
descending  by  a  steep  slope  to  a  more  level  part  of  its  course,  a 
glacier  b^mes  a  mass  of  fissured  ice  in  great  confusion^  It  de- 
scends by  a  slowly  creeping  ice-fall,  where  a  river  would  shoot  over 
in  a  rushing  waterfall.  A  little  below  the  fall  the  fractured  ice» 
with  all  its  chaos  of  pinnacles,  bastions,  and  chasms,  is  pressed 
together  again  into  a  solid  mass  as  before  (Fig.  135). 


Fio.  180.— fiioncH  or  Qlacikb  with  Ios-fallb,  FomuLur,  Holakm  Fx»^  Asono 

NOBWAT. 

The  body  of  the  glacier  throughout  its  length  is  traversed  by  a 
set  of  fissures  called  crevasses,  which,  though  at  first  as  close-fitting 
ns  cracks  in  a  sheet  of  glass,  widen  by  degrees  as  the  glacier  moves 
On,  till  they  form  wide  yawning  chasms,  reaching,  it  may  h^  to  the 
bottom  of  the  ice,  and  travelhng  down  with  the  glacier,  bat  apt  to 

'  The  MUM  of  glacier  motion  baa  been  a  much-vexed  qneatJon  in  phjaira.  Sfie 
besides  the  workb  oited  on  the  foregoing  page,  J.  Thomson,  Proe.  Bop.  Ae,  ISSS-T ; 
MoselT,  op.  ciL  1869;  OroU.  •«aimate  and  Time,"  1875;  Hopkins,  PkO,  Mag.  1S45: 
PkH  IVofii.  1862;  Helmbolti,  HeidOberg  Vwrhana,  A'oL  Utd.  1865,  p.  IM;  PkiL 
Mag.  1866,  p.  22;  PiaS;  Akad.  Bayer.  1876. 
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be  effaced  by  the  pressing  of  their  walls  together  again  as  the  glacier 
winds  down  its  valley.  The  glacier  continues  to  descend  until  it 
reaches  that  point  where  the  supply  of  ice  is  just  equalled  by  the 
liquefaction.  There  it  euds,  its  place  down  the  rest  of  the  valley 
being  taken  by  the  tumultuous  river  of  muddy  water  which  escapes 
from  under  the  melting  extremity  of  the  ice.  A  prolonged  augmen- 
tation of  the  snowfall  will  send  the  foot  of  the  glacier  further  down 
the  valley;  a  diminution  of  the  snowfall  with  a  general  rise  of 
temperature  will  cause  it  to  retreat  farther  up.  Considerable 
variations  in  the  thickness  and  length  of  glaciers  have  been  observed 
within  the  last  two  or  three  generations.  Thus  the  glacier  of  La 
Brenva,  on  the  Italian  side  of  Mont  Blanc,  shrank  to  such  an  extent 
in  the  twenty-four  years  succeeding  1818,  that  its  surface  at  one 
place  was  found  to  have  subsided  no  less  than  300  feet^ 

In  a  mountainous  region,  such  as  the  Alps,  or  a  table-land  like 
Scandinavia,  where  a  considerable  mass  of  ground  lies  above  the  snow- 
line, three  varieties  of  glaciers  may  be  observed. 

(1)  Glaciers  of  the  first  order  come  down  well  below  tlio  snow, 
and  extend  into  the  valleys.  In  high  latitudes  they  reach  the  sea. 
In  the  Alps  such  glaciers  may  be  20  or  30  miles  long,  by  a  mile  or 
more  wide,  and  800  feet  or  more  deep.  The  spiry  peaks  and  sharp 
crests  of  these  mountains  everywhere  rise  through  the  snow  which 
they  thus  isolate  into  distinct  basins,  whence  glaciers  proceed.  The 
total  number  of  glaciers  among  the  Alps  has  been  estimated  at  2000, 
covering  a  total  area  of  1838*8  square  kilometres.  A  striking 
contrast  to  the  character  of  Alpine  glacier  scenery  is  presented  by 
the  great  snow-fields  of  Arctic  Norway.  These  accumulate  on 
broad  table-lands,  from  which  they  send  glaciers  down  into  the 
valleys  (Figs.  137  and  139). 


Fio.  137.— View  or  the  two  Glacjiers  of  Fondalen,  Holands  Fjobd, 
Arctic  Norway. 

(2)  Glaciers  of  the  second  order  hardly  creep  beyond  the  high 
recesses  wherein  they  are  formed,  and  do  not  therefore  reach  as  far  as 

>  J.  D.  Forbes,  Travelt  in  the  Alp$,  p.  205. 
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the  nearest  valley.  Many  beantifal  examples  of  this  type  may  be 
seen  alonp^  the  steep  declivities  which  intervene  between  the  snow- 
eovered  plateau  of  Arctic  Norway  and  the  sea. 

(3)  ±be-oeniented  Glaciers  {Glaciers  remanies).  These  consist  of 
fra^ents  which,  fall  from  an  ice-cliflf  crowning  precipices  of  rock, 
and  are  re-frozen  at  the  bottom  into  a  solid  mass,  creeping  down- 
ward as  a  glacier  usually  of  the  second  order.  Probably  the  best 
illustrations  in  Europe  are  furnished  by  the  Nus  Fjord,  and  other 

Earts  of  the  north  of  Norway.  In  some  cases  a  cliff  of  firn  resting  on 
lae  ice  appears  at  the  top  of  the  precipice, — the  edge  of  the  great 
"sneefond,'  or  snow-field, — while  several  hundred  feet  below,  in  the 
corrie  or  cwm  at  the  bottom,  lies  the  re-cemented  glacier,  white  at  its 
upper  edge,  but  acquiring  somewhat  of  the  characteristic  blue  gleam 
of  compact  ice  as  it  moves  towards  its  lower  margin.  A  beautiful 
example  of  this  kind  was  visited  by  me  at  tlie  head  of  the  Jokuls 
Fiord  in  Arctic  Norway  in  1865.  When  making  the  sketch,  from 
which  Fig.  138  is  taken,  I  observed  that  the  ice  from  the  edge  of  the 


Flo.  13S.— View  op  Be-cemekted  Glacier,  Jo&uls  Fjobd,  Abotio  Norway. 

Bnow-field  above  slipped  off  in  occasional  avalanches,  which  sent  a 
roar  as  of  thunder  down  the  valley,  while  from  the  shattered  ice,  as  it 
iTifibed  down  the  precipices,  clouds  of  white  snow-dust  rose  into  the  air. 
The  debris  thus  launched  into  the  defile  beneath  accumulates  there 
ty  mutual  pressure  into  a  tolerably  solid  mass,  which  moves  down- 
'^ard  as  a  glacier  and  actually  reaches  the  soa-level — the  only 
example,  so  for  as  I  am  aware,  oi  a  glacier  on  the  continent  of  Europe 
which  attains  so  low  an  altitude.  As  it  descends  it  is  crevassed  and 
when  it  comes  to  the  edge  of  the  ^ord,  slices  from  time  to  time  slip 
off  into  the  water  where  they  form  fleets  of  miniature  icebergs  with 
which  the  surface  of  the  fjord  (/in  Fig.  139)  is  covered. 

But  it  is  in  high  Arctic,  and  still  more  in  Antarctic,  latitudes 
that  land- ice,  formed  from  the  drainage  of  a  great  snow-field, 
attains  its  greatest  dimensions.      The  land  in  these  regions  ia 
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buried  under  an  ice-cap,  which  ranges  in  thickness  up  to  a  depth  (in 
the  South  Polar  circle)  of  10,000  feet  (2  miles)  or  even  more. 
Greenland  lies  under  such  a  pall  of  snow  that  all  its  inequalities, 
save  the  mere  steep  mountain  crests  and  peaks  near  the  coast,  are 


C^***A*    J 


Fio.  139d— Sbction  bhowdio  thb  Pbodiction  or  Iobbebgs  at  the  Foot  or  tux 
JoKULS  Fjobd  Qlaoieb. 

concealed.  The  snow  creeping  down  the  slopes,  and  mounting  over 
the  minor  hills,  passes  beneath  bj  pressure  into  compact  ice.  From 
the  main  yalleys  great  glaciers  like  vast  tonnes  of  ice,  2000  or  3000 
feet  thick,  and  sometimes  50  miles  or  more  m  breadtb,  push  out  to 
sea,  where  they  break  off  in  huge  fragments,  which  float  away  as 
icebergs.  As  far  back  as  1777,  Captain  Cook  gave  interesting 
descriptions  of  the  glaciers  of  South  Georgia  (Lat,  54^  S.),  which 
reach  the  sea  in  a  line  of  cliffs  (Fig.  140). 


Fio.  140. — View  or  Glacueb  in  Possession  Bat,  Boctb  Gbobgia. 

Work  done  by  Glaciers. — Glaciers  have  two  important 
eological  tasks  to  perform — (1)  to  carry  the  debris  of  the  mountaiua 
town  to  lower  levels  ;  and  (2)  to  erode  their  beds, 

(a)  Transport. — This  takes  place  chiefly  on  the  snrfaoe  of  the  ice. 
Descendiog  its  valley^  the  glacier  receives  and  bears  along  on  its  margin 
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the  eaiiby  stones,  and  rubbish  which,  loosened  by  frost,  or  washed 
down  by  rain  and  rills,  slip  from  the  cliffs  and  slopes.  In  this  part 
of  its  work  the  glacier  resembles  a  river  which  carries  down  branches 
and  leaves  from  the  woods  on  its  banks.  Most  of  the  detritus  rests 
on  the  surface  of  the  ice.  It  includes  huge  masses  of  rock,  sometimes 
as  big  as  a  large  cottage,  all  which,  though  seemingly  at  rest,  are 
slowly  travelling  down  the  valley  with  the  ice,  and  liable  at  any 
moment  to  slip  into  the  crevasses  which  may  open  below  them. 
When  they  thus  disappear  they  may  descend  to  the  bottom  of  the  ice, 


FlO.  141.— ViKW  OF  TH»  UPPEB  PABT  OF  THE  ZeRMATT  GlaCIEB  (AoASMZ). 

Showing  longitudinal  lines  of  moraines  and  transverse  crevasses.  The  mora'nes 
on  the  left  descend  from  Monte  Bosa  and  the  Gomerhom,  those  on  the  right  from 
the  Little  Cenrin  and  Furke-flue. 

and  move  with  it  along  the  rocky  floor,  which  is  no  doubt  the  fate  of 
a  large  proportion  of  the  smaller  stones  and  sand.  But  the  large  stones 
seem  sometimes  at  least  to  be  cast  up  again  by  the  ice  to  the  surface 
of  the  glacier  at  a  lower  part  of  its  course.  Whether,  therefore,  on  the 
ice,  in  the  ice,  or  under  the  ice,  a  vast  quantity  of  detritus  is  con- 
tinually travelling  with  the  glacier  down  towards  the  plains.  The 
rubbish  lying  on  the  surface  is  called  moraine  stuff.  Naturally  it 
accumulates  on  either  side  of  the  glacier,  where  it  forms  the  so-called 
htertU  moraines.    When  two  glaciers  unite,  their  two  adjacent  lateral 
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moraineB  are  brought  together,  and  travel  thereafter  down  the  centre 
of  the  glacier  as  a  medial  moraine  (Figs.  141,   l42,  and  143). 


Fxo.  142.~yiEW  or  the  medial  Mohaines  and  Glacieb  Tables  or  the 
Aab  Glaoieb  (Agassiz). 

In  Fig.  143  the  left  lateral  moraine  (3)  of  glacier  B  unites  with 
the  right  lateral  moraine  (2)  of  A  to  form  tne  medial  moraine  b, 
while  the  other  moraines  Q,  4)  continue  their  course  and  become 
respectively  the  right  and  left  lateral  moraines  (a  c)  of  the  united 


Fio.  143.~Map  or  the  Union  of  two  Glaciebs,  showinq  Junction  of  two 
Latebal  into  one  Medial  Mobainb. 

glacier.     A  glacier,  formed  by  the  union  of  many  tributaries  in  its 
upper  parts,  may  have  numerous  medial  lines  of  moraine  (Fig.  141)^ 
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so  many  indeed  as  sometimes  to  be  covered  with  debris  to  the  complete 
ocmcealment  of  the  ice.  At  such  parts  the  glacier  appears  to  be  a  bare 
field  or  earthy  plain  rather  than  a  solid  mass  of  clear  ice  of  which 
only  the  surface  is  dirty-  with  rubbish.  At  the  end  of  the  glacier 
tiie  pile  of  loose  materials  is  tumbled  upon  the  valley  in  wnat  is 
called  the  terminal  moraine. 

In  such  comparatively  small  and  narrow  ice-sheets  as  the  present 
glaciers  of  Switzerland,  the  rock  bottom  on  which  the  ice  moves  ift 
usually^  as  fjBLr  as  it  can  be  examined,  swept  clean  by  the  trickle  or 
rush  of  water  over  it  from  the  melting  ice.  But  when  the  ice  does 
not  flow  in  a  mere  big  drain  (which,  after  all,  the  largest  Alpine  valley 
really  is),  but  overspreads  a  wide  area  of  uneven  ground,  there  cannot 
fail  to  be  a  great  accumulation  of  rubbish  here  and  there  under- 
neath it.  The  sheet  of  ice  that  once  filled  the  broad  central  plain  of 
Switzerland  between  the  Alps  and  the  Jura  certainly  pushed  a  vast 
deal  of  mud,  sand,  and  stones  over  the  floor  of  the  valley.  This 
material  is  known  to  Swiss  geologists  as  the  moraine  profonde  or 
Grundmordne^  (= boulder  clay,  till  or  bottom-moraine). 

When  from  any  cause  a  glacier  diminishes  in  size,  it  may  drop 
its  blocks  upon  the  sides  of  its  valley,  and  leave  them  there  some- 
times in  the  most  threatening  positions.  Such  stranded  stones  are 
known  as  perched  blocks  (Fig.  144).     Those  of  each  valley  belong  to 


Fio.  144.— Vdbw  or  an  Alpine  Valley  with  Perched  Blocks  high  on  rrs 

Flanks  (£.)• 

the  rocks  of  that  valley ;  and  if  there  be  any  difference  between  the 

rocks  on  the  two  sides,  the  perched  blocks  carried  far  down  from  their 

sources  still  point  to  that  difference,  for  they  remain  on  their  own 

original  side.    But  during  a  former  great  extension  of  the  glaciers  of 

the  northern  hemisphere,  blocks  of  rock  have  been  carried  out  of 

'  In  18G9  I  examined  a  characteriatio  gection  of  it  near  Solothuru,  full  of  scratched 
■toneis  and  Ijing  on  the  striated  payement  of  took  to  be  immediately  described  as  further 
characteristic  m  ice^action. 
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their  native  valleys,  across  plains,  valleys,  and  even  considerable 
ranges  of  hills.  Such  '*  erratics  "  (Findlin^e)  not  only  abound  in  the 
Swiss  valleys,  but  cross  the  great  plain  of  Switzerland,  and  appear  in 
numbers  high  upon  the  flanks  of  the  Jura.  Since  the  latter  mountains 
consist  chiefly  of  limestone,  and  the  blocks  are  of  various  crystalline 
rocks  belonging  to  the  higher  parts  of  the  Alps,  the  proof  of  trans- 
port is  irrefragable.  Thousands  of  them  form  a  great  belt  of  boulders 
extending  for  miles  at  an  average  height  of  800  feet  above  the  Lake 
of  Neufch&tel  (Fig.  145).     These  consist  of  the  protigine  granite  of 


<:?*?  *>  *^^  ^ 


Fig.  145.— Pierre  A  Bot — a  Geanitio  block  from  the  Mont  Blano  Hahoi; 

bTRAMDED  ABOTE  NeUFOHATEL  (J.  D.  FOEBBS). 

the  Mont  Blanc  group  of  mountains,  and  must  have  travelled  at 
least  60  or  70  miles.  One  of  the  most  noted  of  them,  the  Pierre  i 
Bot  (toad-stone),  \ihich  lies  about  two  miles  west  of  Neufchatel, 
measures  50  (French)  feet  in  length  by  20  in  width,  and  40  in  height. 
It  is  estimated  to  contain  40,000  cubic  feety  and  to  weigh  about  3000 
tons.^  The  celebrated  "  blocks  of  Monthey  "  consist  of  huge  masses 
of  granite,  disposed  in  a  belt,  which  extends  for  miles  along  the 
mountain  slopes  on  the  left  bank  of  tbe  Khone,  near  its  union  with 
the  Lake  of  Geneva.  On  the  southern  side  of  the  Alps  similar 
evidence  of  the  transport  of  blocks  from  the  central  mountains  is  to 
be  found.  On  the  flanks  of  the  limestone  heights  on  the  further 
side  of  the  Lake  of  Como,  blocks  of  granite,  gneitf^,  and  other 
crystalline  rocks  lie  scattered  about  in  hundreds  (Fig.  146). 


Fio.  140. — Akoulab  ebbatic  Block  on  tbe  north  side  of  tbe  Alpi  vi  Pratolta 

Lake  of  Coxo  (B.). 

Before  the  numerous  facts  had  been  collected   and  understood 
which  prove  a  former  great  augmentation  in  the  size  of  the  Alpine 

•  Forbes,  "  Travels  in  Uie  Alps,"  p.  i\>. 
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glaciers,  it  was  believed  by  many  geologists  that  the  erratics  stranded 
along  the  flanks  of  the  Jura  Mountains  had  been  transported  on 
floatmg  ice,  and  that  Central  Europe  was  then  in  great  part  sub- 
merged beneath  an  icy  sea.  It  is  now  universally  admitted^  however, 
that  the  transport  has  been  entirely  the  work  of  glaciers.  Instead  of 
being  confined  as  at  present  to  the  higher  parts  of  their  valleys, 
the  glaciers  extended  down  into  the  plains.  As  already  stated,  they 
£Ued  the  great  depression  between  the  Oberland  and  the  Jura,  and 
rising  high  upon  the  flanks  of  the  latter  chain,  actually  overrode 


Fr.  147. — Sxcno'^r  to  show  the  Extension  of  the  Alptne  Glaciers  (a)  acboss 
TBS  PukDT  or  Switzerland,  and  the  Tbansfobt  of  Blocks  to  the  bides  or 
JcBA  (m)  C^O- 


some  of  its  ridges.  Similar  evidence  abounds  in  the  hilly  parts  of 
Britaiiiy  as  urelf  as  in  other  parts  of  Europe  and  America,  no  longer 
the  abode  of  glaciers,  that  a  great  extension  of  snow  and  ice  at  a 
recent  geological  period  prevailed  in  the  northern  hemisphere,  as 
will  be  described  in  the  account  of  the  Glacial  Period  in  feook  VI. 
There  is  proof  also  that  the  glaciers  of  New  Zealand  were  formerly 
much  larger. 

As  De  la  Beche  has  well  pointed  out,  the  student  must  be  on  his 
guard,  however,  lest  he  be  led  to  mistake  for  true  erratics  mere 
weathered  blocks  belonging  to  a  rock  that  has  disintegrated  in  situ. 
If,  for  example,  he  should  encounter  a  block  like  that  represented  in 
F'lfr,  148,  he  would  properly  conclude  that  it  had  travellea  because  it 
did  not  belong  to  the  rock  on  which  it 
lay.  But  he  would  require  to  prove 
further  that  there  was  no  rock  in  the 
immediate  neighbourhood  from  which  it 
coald  have  fallen  as  the  result  of  mere 
weathering.  The  granite  (c)  shown  in 
Fig.  149,  (Usintegrates  at  the  summit,  and 
the  blocks  into  which  it  splits  find  their  f,o.  i48.-Blook  of  Granite 
way  by  gravitation  down  the  slope.^  restino  on  inclined  Strata  (B.)* 

(b)  Erosion. — ^The  manner  and  the 
results  of  erosion  in  the  channel  of  a  glacier  differ  from  those 
associated  with  other  geological  agents,  and  form  therefore  distin- 
guishing features  of  ice-action.  This  erosion  is  effected  not  by  the 
mere  contact  and  pressure  of  the  ice  upon  the  rocks  (though  un- 
doubtedly fragments  of  rock  must  now  and  then  be  detached  from 
this  cause),  but  by  means  of  the  fine  sand,  stones,  and  blocks  of  rock, 
that  &11  Dotween  the  ice  and  the  rocks  on  which  it  moves.    The 

'  De  ia  Beohe,  Geological  Observer,  p.  257. 
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detritns  thus  introduced  is,  for  the  most  part,  fresh  and  angular. 
Its  trituration  by  the  glacier  reduces  the  size  of  the  particles,  but 
retains  their  angular  character,  so  that,  as  Daubr^  has  pointed 
out|  the  sand  that  escapes  from  the  end  of  a  glacier  appean  in 


Fio.  149.— GRANira  (e)  deoomfosikq  into  Blocks  (a)  which  obaduaixt  boll 

DOWN  UPON  THE  8UBR0UNDIN0  STRATIFIED  BoCKS  (£.)• 

the  condition  of  sharp  freshly-broken  grains,  and  not  as  rounded 
water-worn  particles.^ 

The  surwce  of  a  glacier  being  often  strewn  with  earth  and  stonps, 
these  materials  are  frequently  precipitated  into  the  crevasses, 
and  may  thus  reach  the  rocky  floor  over  which  the  ice  is  moving. 
They  likewise  fall  into  the  narrow  space  which  sometimes  inter- 
venes between  the  margin  of  a  glacier  and  the  side  of  the  valley 
(a  in  Fig,  150).     Hold  by  the  ice  as  it  creeps  along,  they  are 

Eressed   against   the   rocky   sides  and 
ottom  of  the  valley  so  firmly  and  per- 
sistently as  to  descend  into  each  httle 
hollow  and  mount  over  each  ridge,  yet 
all  the  while  moving  along  steadily  in 
Fio.  150.— Section  of  a  Glacieb   one  dominant  direction  with  the  general 
IN  ITS  BooKT  Channel,         movement  of  the  glacier.     Here  and 
With  a  medial  moraine  at  d,  a  lateral  there  the  ice,  with  grains  of  sand  and 
moraine  pertly  on  the  ice  and  pi^^es  of  stone  imbedded  in  its  surface, 
partly  stranded  on  a  sloping  de-  *       ,  Ui.  •     au  j.    t      ma> 

Slvity  (6).  a  mass  of  rooisTalien  Can  be  caught  m  the  very  act  of  polish- 
between  the  ice  and  the  precipi-  ing  and  scouring  the  rocks.    In  Big.  151 

^''rohSd^l^ks'  at^o*  ^''^D   ^  ^^^^  ^^  P^^^  ^^  *'^®  "angle"  on  the 
Kffbes.)     ^  ^  ^    *^'     ^  '     •  Mer  de  Glace,  Chamouni,  where  blocks 

of  granite  are  jammed  between  the 
mural  edge  of  the  ice  and  the  precipice  of  rock  along  which  it  moves, 
and  which  is  scored  and  polished  in  the  direction  of  motion  of  the 
blocks.  Under  the  slow,  continuous,  and  enormous  erosive  power  of 
the  creeping  ice,  the  most  compact  resisting  rocks  are  ground  down, 
smoothed,  polished,  and  striated.  Tlie  striae  vary  from  such  tioo 
lines  as  may  be  made  by  the  smallest  grains  of  quartz  up  to  deep 
ruts  and  grooves.  They  sometimes  cross  each  other,  one  set  partially 
effacing  an  older  one,  and  thus  pointing  to  shiftings  in  the  movement 
of  the  ice.    On  the  retirement  of  the  glacier,  hummocky  bosses  of 

>  "  G<k)logie  Expcrim."  p.  254. 
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rock  haying  smooth  undulating  forms  like  dolphins'  backs  are  con- 
spicQOus.  These  have  received  the  name  of  roches  inoutonnees.  The. 
itones  by  which  this  scratching  and  polishing  are  eflfected  suffer  in 
exactly  the  same  way.  They  are  gi'ound  down  and  striated,  and 
since  they  must  move  in  the  line  of  least  resistance,  or  "  end  on," 


Fio.  151. — ^Vjew  of  pabt  of  the  sidb  of  the  Meb  de  Glace  (J.  D,  Forbes). 

*heir  striae  run  in  a  general  sense  lengthwise  (Fig.  154).  It  will  be 
?^n,  when  we  come  to  notice  the  traces  of  former  glaciers,  how 
nnportant  is  the  evidence  given  by  these  striated  stones. 

Besides  its  proper  and  chareicteristic  rock-erosion,  a  glacier  is 
aided  in  a  singular  way  by  the  co-operation  of  running  water. 
AmoDg  the  Alps  during  day  in  summer  much  ice  is  melted  and 
^'»©  water  courses  over  the  glaciers  in  brooks  which,  as  they  reach 
^lie  crevasses,  tumble  down  m  rushing  waterfalls,  and  are  lost  in  the 
depths  of  the  ice.  Directed,  however,  by  the  form  of  the  ice-passage 
•gainst  the  rocky  floor  of  the  valley,  the  water  descends  at  a  par- 
ticular spot,  carrying  with  it  the  sand,  mud,  and  stones  which  it  may 
'^ave  swept  away  from  the  surface  of  the  glacier.  By  means  of  these 
J*Uiterials  it  erodes  deep  pot-holes  (moulins)  in  the  solid  rock,  in 
''hich  the  rounded  detritus  is  left  as  the  crevasse  closes  up  or  moves 
down  the  valley.    On  the  ice-worn  surface  of  Norway  singular  cavities 
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of  this  kind,  known  as  ^'giants*  kettles"  (Fig.  153),  exist  in  great 
numbers.     There  can  be  little  doubt  that  they  have  had  an  origin 


FlO.  152. — lOB-WOBN  SUBFAOB  OF  RoOK,  SHOWING  POUSH,  StBLB,  AND  GeOOTDCOS. 

under  the  massive  ice-cover  which  once  spread  over  that  peninsnls. 
The  Greenland  ice-sheet  is  traversed  in  sum- 
mer by  powerful  rivers  which  are  swallowed 
up  in  the  crevasses.  Excavations  of  the  same 
nature  are  no  doubt  also  in  progress  there.^ 

As  rocks  present  great  diversities  of  strao- 
ture  and  hardness,  and  consequentlv  vary 
much  in  the  resistance  they  oflTer  to  denuda- 
tion, they  are  necessarily  worn  down  un- 
equally. The  softer,  more  easily  eroded 
portions  are  scooped  out  by  the  grinding 
action  of  the  ice,  and  basin-shaped  or  varioiw 
irregular  cavities  are  dug  out  below  the  level 
of  the  general  surface.  Similar  effects  may 
be  produced  by  a  local  augmentation  of  the 
excavating  power  of  a  glacier,  as  where  the 
ice  is  strangled  in  some  narrow  part  of  « 
valley,  or  where,  from  change  in  declivityi 
it  is  allowed  to  accumulate  in  greater  mass  as 
Fio.  153.—  Sbction  of  it  moves  more  slowly  onward.  Such  hollows, 
Cui^j^^r^^^**  '^^  ^^  *'^®  retirement  of  the  ice,  become  receptft- 
HBisTiANiA.  ^j^  j.^^  water,  and  form  pools,  tarns,  or  lake^ 

>  Brogger  and  Benscb,  Q.  /.  Oeol,  Soe.  xxx.  750. 
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onleas,  indeed,  they  chance  to  have  been  already  filled  up  with  glacial 
robbiah. 

It  is  now  some  years  since  Professor  A.  0.  Ramsay  drew 
atteDtion  to  this  peculiar  power  of  land-ice,  and  affirmed  tnat  the 
tbandance  of  excavated  rock-basins  in  Northern  Europe  and  America 
was  due  to  the  fact  that  these  regions  had  been  extensively  eroded 
by  sheets  of  land-ice/  when  the  more  northern  parts  of  the  two 
ocmtinents  were  in  a  condition  like  that  of  North  Greenland 
at  the  present  day.  It  is  among  the  ice-fields  of  Greenland  rather 
than  among  the  valley-glaciers  of  isolated  mountain  groups  that 
the  operations  which  produced  the  widespread  general  glaciation  of 
the  period  c^  the  rock-basins  find  their  nearest  modern  analogies. 


FlO.  154.— STBLiTU)  StONB  nOM  BOULDKB  CtiAT. 

A  single  valley-glacier  retires  towards  its  parent  snow-field  as  the 
climate  ameliorates,  leaving  its  roehes  mowtonni$By  moraine-mounds, 
and  rock-basins,  yet  at  times  discharging  its  water-drainage  in  such 
a  way  as  to  sweep  down  the  moraine-mounds,  fill  up  the  bEtsins,  bury 
the  lee-wom  hammocks  of  rock,  and  strew  the  valley  with  gravel, 
earth,  sand,  and  big  blocks  of  rock.  Hence  the  actual  floor  of  the 
fflacier  is  apt  to  to  obscured.  Sut  in  the  ease  of  a  vast  sheet  of 
iand-ice  covering  continuously  a  wide  region,  there  can  be  but  little 
nperficial  debris.  When  such  a  mass  of  ice  retires  it  must  leave 
behind  it  an  ice-worn  surface  of  country  more  or  less  strewn  with 
the  detritns  which  accumulated  under  the  ice  and  was  pushed  along 
hy  it  This  infra-glacial  debris  forms  the  Qru/ndm(yrdris  (nuyraine 
JTofonde)  or  bottom  moraine  above  referred  to  (p.  411).  We  know 
as  yet  very  little  regarding  its  formation  in'  Greenland.  Most  of 
oor  knowl^ge  regarding  it  is  derived  from  a  study  of  the  till  or 
boidder-clay  in  more  southern  latitudes,  which  is  believed  to  re« 
present  the  bottom  moraine  of  an  ancient  ice-sheet.  In  countries 
where  true  boulder-clay  occurs,  numerous  rock-basins  are  commonly 
to  be  met  with  among  the  uncovered  portions  of  the  rocks.  These 
and  other  features  of  glaciated  Europe  and  America  will  be  more 
My  described  in  the  account  of  the  Glacial  Period  (Book  YL).' 

'  Q.  /.  OtoL  8oo,  XTiii  (1862),  p.  185.  See  also  a  paper  bj  A.  HellaDd  (op,  eit. 
tixiil  p.  142X  on  the  iee-Qonli  of  North  Greenland,  and  the  formation  of  Fjord%  Lakes, 
^Ciiqiiea. 

'  Bee  the  ranarkt  alxeadj  made  (p.  838)  on  the  possibility  of  the  rotting  ont  of 
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Hardly  anything  has  yet  been  done  in  the  way  of  actoal 
measurement  of  the  rate  of  erosion  by  different  daciers.  An 
approximation  to  the  truth  might  be  obtained  from  the  abundant 
fine  sediment  which,  giving  the  characteristic  milky  turbidity  to  all 
streams  that  escape  from  the  melting  ends  of  glaciers,  is  an  index  of 
the  amount  of  this  erosion.  The  average  Quantity  of  sediment 
discharged  from  the  melting  end  of  a  glacier  auring  a  year,  having 
been  estimated,  it  would  be  easy  to  determine  its  eouivalent  in  the 

Srecise  fraction  of  a  foot  of  rock  aimually  removea  from  the  area 
rained  by  the  glacier.  From  the  end  of  the  Aar  glacier  (which 
with  its  affluents  is  computed  to  have  an  area  of  60  square  kilo^ 
metres,  and  is  therefore  by  no  means  one  of  the  largest  in  Switzer^ 
land)  it  has  been  estimated  that  there  escape  every  day  in  the 
month  of  Au^t  2  million  cubic  metres  (440  million  gallons)  of 
water,  containmg  284,374  kilogrammes  (280  tons)  of  sand.  Mr. 
A.  Holland  has  computed  that  from  the  Justedal  glacier,  Norway, 
one  million  kilogrammes  of  sediment  are  discharged  in  a  July  day, 
and  that  the  total  annual  discharge  from  the  ice-field,  830  square 
miles  in  area,  amounts  to  180  millions  of  kilopjammes,  besides 
13  million  kilogrammes  of  mineral  matter  in  solution.  Taking  the 
specific  gravity  of  the  suspended  matter  at  2*6,  he  finds  that  the 
basin  of  the  glacier  loses  69,000  cubic  metres  of  solid  rock  every 
year,  or  a  cubic  mass  measuring  41  metres  on  the  side.^  There  is 
some  difficulty,  however,  in  determining  what  proportion  of  the 
sediment  may  have  been  washed  in  below  the  ice  by  streams  issuing 
from  springs  and  melted  snows.  Estimates  of  the  work  done  by 
glaciers,  so  far  as  based  upon  the  amount  of  sediment  discharged  by 
them,  may  consequently  be  rather  over  the  truth. 

§.  6.  Ooeanio  Waters. 

The  area,  depth,  temperature,  density,  and  composition  of  the 
sea  having  been  already  treated  of  (Book  II.),  we  have  now  to 
consider  its  place  among  the  dynamical  agents  in  geology.  In  this 
relation  it  may  be  studied  under  two  aspects :  1st,  its  movements, 
and  2nd,  its  geological  work. 

L  Moyementa— (1.)  Tides. — These  oscillations  of  the  mass  of 
the  oceailic  waters  caused  by  the  attraction  of  the  sun  and  moon 
require  notice  here  only  as  regards  their  geological  bearings.  In  a 
wiae  deep  ocean  the  tidal  elevation  probably  produces  no  perceptible 
geological  change.  It  passes  at  a  great  speed ;  in  the  Atlantic  its 
rate  is  500  geographical  miles  an  hour.  But  as  this  is  merely  the 
passing  of  an  oscillation  whereby  the  particles  of  water  are  gently 


btmn-thaped  reoeptftcles  in  solid  rock  tbzoagh  the  operaUont  of  nipeiileiftl  wMthennf 
— a  prooeM  which  m>*7  aooount  for  many  rook-bt«iiia  that  hava  gabaeqneiitlj  had  their 
deoomposed  rook  swept  out  of  them  by  ioe. 

>  A/tryk  NT  0€oL  F»rm.  StoeUufkn  FOrhomdl    1S74.    Na  21.    Band  ii  No.  7. 
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raised  up  and  let  down  again,  there  can  hardly  be  any  appreciable 
effect  upon  the  deep  ocean  bottom.  When,  however,  the  tidal  waye 
enters  a  narrow  and  shallow  sea,  it  has  to  accommodate  itself  to  a 
smaller  channel,  and  encounters  more  and  more  the  friction  of  the 
bottom.  Henc^,  while  its  rate  of  motion  is  diminished,  its  height 
and  force  are  increased.  It  is  in  shallow  water  and  along  the  shores' 
of  the  land  that  the  tides  acquire  their  main  geological  importance. 
They  there  show  themselves  in  an  alternate  €ulvance  upon  and 
retreat  from  the  coast.  Their  upper  limit  has  received  the  name  of 
Uglhwaier  mark,  their  lower  that  of  louhwaier  mark,  the  littoral 
tpaoe  between  being  termed  the  heaah  (Fig.  155).    If  the  coast  is 


Fio.  155. — SionoN  of  a  Bkaoh  DErnrsD  bt  Hioh-  and  Low-Watbb  Mabk. 

precipitous,  a  beach  can  only  occur  in  shelving  bays  and  creeks, 
since  elsewhere  the  tides  will  rise  and  fall  against  a  face  of  rock,  as' 
they  do  on  the  piers  of  a  port  On  such  rocky  coasts  the  line  of 
bign  water  is  sometimes  admirably  defined  by  the  grey  crust  of 
mnacles  adhering  to  the  rocks.  Where  the  beach  is  flat,  and  the 
rise  and  flail  of  the  tide  great,  several  hundred  square  miles  of  sand 
or  mud  may  be  laid  bare  in  one  bay  at  low-water. 

The  height  of  the  tide  varies  from  zero  up  to  60  or  70  feet.    It 
tt  greatest  where,  from  the  form  of  the  land,  the  tidal  wave  is  cooped 


Vio.  150.— EFracT  OF  CaKTXBOiso  Shobxs  upon  thb  Tidal  Wayi. 

^  tide  wave  raining  np  in  the  direction  of  the  arrowi  riaet  sacoeetiyelj  higher  at  a,  b, 
tod  0  to  d,  after  which  it  slaokens  and  diet  away  at  the  upper  limit  of  tideo,/. 

'Jp  within  a  narrow  inlet  or  estuary.  Under  such  circumstauces  the 
idvaQcing  tide  sometimes  gathers  itself  into  one  or  more  large  waves, 
Mid  rushes  furiously  up  between  the  converging  shorea  This  is  the 
^n  of  the  "  bore    of  the  Severn,  which  rises  to  a  height  of  9  feet, 

2  V  2 


Digitized  by 


Google 


420  DYNAMICAL  GEOLOGY.  [Book  HI 

"while  the  rise  and  fall  of  the  tide  there  amounts  to  40  feet  In  like 
manner  the  tides  which  enter  the  Bay  of  Fundy,  between  Nora 
Scotia  and  New  Brunswick,  get  more  and  more  cooped  uo  and 
higher  as  they  ascend  that  strait^  till  they  reach  a  heignt  of 
70  feet 

Wbile  the  tidal  swelling  is  increased  in  height  by  the  shallownefis 
and  conyer^ence  of  the  shoresi  it  gains  at  the  same  time  force  and 
rapidity.  No  longer  a  mere  oscillation  or  pulsation  of  the  great  ocean, 
the  tide  acquires  a  true  movement  of  translation,  and  gives  rise  to 
currents  which  rush  past  headlands  and  through  narrows  in  powerful 
streams  and  eddies.  The  rocky  and  intricate  navigation  of  the  west 
of  Scotland  und  Scandinavia  furnishes  niany  admirable  illustrations 
of  the  rapidity  of  these  tidal  currents.  The  famous  whirlpool  of 
Corryvreckan,  the  lurking  eddies  in  the  Kyles  of  Skye,  the  breakers 
at  the  Bore  of  Duncansbay,  and  the  tumultuous  tideway,  grimly 
named  by  the  northern  fishermen  the  Merry  Men  of  Mey,  in  the  Pent- 
land  Firtl^  bear  witness  to  the  strength  of  these  sea  rivers.  At  the 
last  mentioned  strait  the  current  at  its  strongest  runs  at  the  rate  of  10 
miles  an  hour,  which  is  fully  three  times  the  speed  of  most  of  oar 
large  rivers. 

(2.)  Ourrenia. — Becent  researches  in  ocean  temperature  haye 
disclosed  the  remarkable  fact  that  beneath  the  surface  layer  of  water 
affected  by  the  temperature  of  the  latitude  there  lies  a  vast  mass  of 
Cfold  water,  the  bottom  temperature  of  every  ocean  in  free  communi- 
cation with  the  poles  being  little  above  and  sometimes  actually  below 
the  freezing  point  of  fresh  water.^  In  the  North  Atlantic  a  tempera- 
ture of  40^  Fahr.  is  reached  at  an  average  depth  of  about  800  fatbom8» 
all  beneath  that  depth  being  progressively  colder.  In  the  equatorial 
parts  of  that  ocean  the  same  temperature  comes  to  within  300  fathoms 
of  the  surface.  In  the  South  Atlantic,  off  Cape  of  Grood  Hope,  the 
mass  of  cold  water  (below  40^)  rises  likewise  to  about  300  fathoms 
from  the  surface.  This  distribution  of  temperature  proves  that  there 
must  be  a  transference  of  cold  polar  water  towards  tne  equator,  for  in 
the  first  place  the  temperature  of  the  great  mass  of  the  ocean  is  much 
lower  than  that  which  is  normal  to  each  latitude,  and  in  the  second 
place  it  is  much  lower  than  that  of  the  superficial  parts  of  the  earth's 
crust  underneath.  On  the  other  hand,  the  movement  of  water  from 
the  poles  to  the  equator  requires  a  return  movement  of  compensation 
from  the  equator  to  the  poles,  and  this  must  take  place  in  tne  suner- 
fioial  strata  of  the  ocean.  Apart  therefore  from  those  rapid  river-like 
streams  which  traverse  the  ocean,  and  to  which  the  name  of  currents 
is  given,  there  must  be  a  general  drift  of  warm  surface  water  towards 
the  poles.  This  is  doubtless  most  markedly  the  case  in  the  North 
Atlantic,  where,  besides  the  current  of  the  Gulf  Stream,  there  is  ^ 

*  See  in  particular  memoirs  by  Carpenter  &  WyviUe  Thomson,  Proe,  Boy.  Boe,  jtH 
(16G8),  BrU.  Ataoo.  xli.  ei  feg.,  Proc  Moy.  OeoarapK  6oe,  xy.  BeporU  to  the  Admiimlt^ 
oC  the  Challenger  Exploring  Expedition.  Wy?Ule  Thomson's  «<  Depths  of  the  Bet,' 
1873,  and  -  Attntio,"  1877. 
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preyalent  set  of  the  surface  waters  towards  the  north-east.  As  the 
distribation  of  life  over  the  globe  is  eyerywhere  so  dependent  upon 
temperature,  it  becomes  of  the  highest  interest  to  know  that  a  tnily 
arctic  submarine  climate  exists  eyerywhere  in  the  deeper  parts  of  the 
sea.  With  such  uniformity  of  temperature  we  may  anticipate  that 
the  abysmal  fauna  will  be  found  to  possess  a  corresponding  sameness  of 
character,  and  that  arctic  types  may  be  met  with  eyen  on  the  ocean- 
bed  at  the  equator. 

But  besides  this  eeneral  drift  or  set^  a  leading  part  in  oceanic 
circulation  is  taken  by  the  more  defined  streams  termed  currents. 
The  tidal  wave  only  becomes  one  of  translation  as  it  passes  into 
shallow  water,  and  is  thus  of  only  local  consequence.  But  a  yast 
body  of  water,  known  as  the  Eauatorial  Current,  moyes  in  a  general 
westerly  direction  round  the  globe.  Owing  to  the  way  in  which  tiie 
continents  cross  its  path,  this  current  is  subject  to  considerable 
deflections.  Thus  that  portion  which  crosses  the  Atlantic  from  the 
African  side  strikes  against  the  mass  of  South  America,  and  diyides, 
one  portion  turning  towards  the  south  and  skirting  the  shores  of  Brasil ; 
the  other  bending  north-westward  into  the  Gulf  of  Mexico,  and 
issuing  thence  as  the  well-known  Gulf  Stream.  This  eauatorial 
water  is  comparatively  warm  and  light.  At  the  same  time  the 
heavier  and  colder  polar  water  moves  towards  the  equator,  some- 
times in  surfiEU^  currents  like  those  which  skirt  the  eastern  and 
western  shores  of  Greenland,  but  more  generally  as  a  cold  under- 
current which  creeps  over  the  floor  of  the  ocean  eyen  as  far  as  the 
equator. 

Much  discussion  has  arisen  in  recent  years  as  to  the  cause  of 
oceanic  circulation.  Two  rival  theories  have  been  given.  Ae- 
cording  to  one  of  these  the  circulation  entirely  arises  from  that  of 
the  air.  The  trade-winds  blowing  from  either  side  of  the  equator 
drive  the  water  before  them  until  the  north-east  and  south-east 
currents  unite  in  equatorial  latitudes  into  one  broad  westerly- 
flowing  current  Owing  to  the  form  of  the  land,  portions  of  this 
main  current  are  deflected  into  temperate  latitudes^  and,  as  a 
consequence,  portions  of  the  polar  water  reauire  to  move  towards  the 
equator  to  restore  the  equilibrium.  Accoroing  to  the  other  yiew  the 
currents  arise  from  difierences  of  temperature  (and  according  to 
some  of  salinity  also) ;  the  warm  and  light  equatorial  water  is 
belieyed  to  stand  at  a  higher  leyel  than  the  colder  and  heavier  polar 
water ;  the  former,  therefore,  flows  down  as  it  were  polewards,  while 
the  latter  moyes  as  a  bottom  inflow  towards  the  equator ;  the  cold 
bottom  water  under  the  tropics  is  constantly  ascending  to  the  sur- 
&ce,  whence,  after  being  heated,  it  drifts  away  towaras  the  pole, 
ttod  on  being  cooled  down*  there,  descends  and  begins  another 
journey  to  the  equator.  There  can  be  no  doubt  that  tbe  winds  are 
directly  the  cause  of  such  currents  as  the  Gulf  Stream,  and  therefore, 
indirectly,  of  return  cold  currents  from  the  polar  regions.  It  seems 
hardly  less  certain  that,  to  some  extent  at  least,  differences  otf 
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temperature,  and  therefore  of  density,  most  occasion  moyements  in 
the  mass  of  the  oceanic  waters.^ 

Apart  from  disputed  questions  in  physics,  the  main  &ct8  for  the 
geological  reader  to  grasp  are — ^that  a  system  of  circulation  exists  in 
the  ocean ;  that  warm  currents  move  round  the  equatorial  regions, 
and  are  turned  now  to  the  one  side,  now  to  the  other,  by  the  form  of 
the  continents  along  and  round  which  they  sweep;  that  cold 
currents  set  in  from  poles  to  equator ;  and  that,  apart  from  actual 
currents,  there  is  an  extremely  slow  "  creep "  of  the  polar  water 
under  the  warmer  upper  layers  to  the  equator. 

(3.)  Waves  and  Qround-SweU. — ^A  gentle  breeze  curls  into  ripples 
the  surface  of  water  over  which  it  blows.  A  strong  gale  or  furious 
storm  raises  the  surface  into  waves.  The  agitation  of  the  water  in  a 
storm  is  prolonged  to  a  ^eat  distance  beyond  the  area  of  the 
original  disturbance,  and  tnen  takes  the  form  of  the  long  heaving^ 
undulations  termed  ground-swell.  Waves  which  break  upon  the 
land  are  called  breakers,  and  the  same  name  is  applied  to  the 
ground-swell  as  it  bursts  into  foam  and  spray  upon  the  rocks.  The 
concussion  of  earthquakes  sometimes  gives  rise  to  very  disastrous 
ocean  waves  (p.  272\ 

The  height  ana  force  of  waves  depend  upon  the  breadth  and 
depth  of  sea  over  which  the  wind  has  driven  them,  and  the  form  and 
dii^ction  of  the  coast-line.  The  longer  the  **  fetch,"  and  the  deeper 
the  water,  the  higher  the  waves.  A  coast  directly  facing  the 
prevalent  wind  will  have  larger  waves  than  a  neighbouring  shore 
which  presents  itself  at  an  angle  to  this  wind  or  l^snds  round  so  as 
to  form  a  lee-shore.  The  highest  waves  in  the  narrow  British  seas 
probably  never  exceed  15  or  20  feet,  and  usually  fall  short  of  that 
amount  The  greatest  height  observed  by  Scoresby  among  the 
Atlantic  waves  was  43  feet.* 

Ground-swell  propagated  across  a  broad  and  deep  ocean  produces 
by  &r  the  most  imposing  breakers.  So  long  as  tne  water  remains 
deep  and  no  wind  blows,  the  only  trace  of  the  passing  ground-swell 
on  the  open  sea  is  the  huge  broad  heaving  of  the  surface.  But 
where  the  water  shallows,  the  superficial  part  of  the  swell,  travellings 
faster  than  the  lower  which  encounters  the  friction  of  the  bottom, 
begins  to  curl  and  crest  as  a  huge  billow  or  wall  of  water,  that 
finally  bursts  against  the  shore.  Such  billows,  even  when  no  wind 
is  blowing,  often  cover  the  cliffs  of  the  north  of  Scotland  with  sheets 
of  water  and  foam  up  to  heights  of  100  or  even  nearly  200  feet. 
During  north-westerly  gales,  nowever,  the  windows  ofue  Dunnet 
Head  lighthouse,  at  a  height  of  upwards  of  300  feet  above  high- 

'  The  ttndent  may  oonBuU  Maury's  **  Phyrioal  Geography  of  the  Sea,"  bnt  moie  par- 
tloularly  Dr.  Oarpenter*!  papers  in  the  Proeeedingtof  the  Eoyal  Sodehf  for  1869-73,  and 
Journal  of  Royal  Oeoqraphieal  Society  for  1871-77,  oo  the  side  of  temperature ;  and 
Hersohel's  «*  Physical  Geography,"  and  GroU*s  **  Climate  and  Time,"  on  the  side  of  tha 


winds. 

Great  Britain  is  gir^  in  Mr.  %*.  Sterenson's  treatise  on  **  Hathoors^"  {».  80. 


'  Bnt  A8$oe,  Sep,  1850,  p.  26u    A  table  of  the  obewyed  heists  of  waTea  roond 
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wator  mark,  are  said  to  be  sometimes  broken  by  stones  swept  up  the 
cliffs  by  the  sheets  of  sea-water  which  then  deluge  the  builaing. 

A  smgle  roller  of  the  groundngwell  20  feet  high  faUs,  aceording 
to  Mr.  S<^tt  Busselly  with  a  pressure  of  about  a  ton  on  eyery  scjuare 
foot  Mr.  Thomas  Steyenson  oonducted  some  years  affo  a  series  of 
experiments  €m  the  force  of  the  breakers  on  the  Atlantic  and  North 
flea  coasts  of  Britain.  The  ayerage  force  in  summer  was  found  in 
the  Atlantic  to  be  611  lb.  per  square  foot,  while  in  winter  it  was 
2086  lb.,  or  more  than  three  times  as  ^reat.  But  on  seyeral  occa- 
sions, both  in  the  Atlantic  and  North  l^a,  the  winter  breakers  were 
found  to  exert  a  pressure  of  three  tons  per  square  foot,  and  at 
Dunbar  as  much  as  three  tons  and  a  half.^  Besides  the  wayes 
produced  by  ordinary  wind  action,  others  of  an  extraordinary  size  and 
destructiye  power  are  occasionally  caused  by  a  violent  cydone-storm. 
The  mere  diminution  of  atmospheric  pressure  in  a  cyclone  must  tend 
to  raise  the  level  of  the  ocean  within  the  cyclone  limits.  But  the 
further  furious  spiral  in-rushing  of  the  air  towards  the  centre  of  the 
low  pressure  area  drives  the  sea  onward,  and  gives  rise  to  a  wave  or 
succession  of  waves  having  great  destructive  power.  Thus,  on  5th 
October,  1864,  during  a  great  cyclone  which  passed  over  Calcutta, 
the  sea  rose  in  some  places  21  feet,  and  swept  everything  before 
it  with  irresistible  force,  drowning  upwards  of  48,000  people. 

Besides  the  height  and  force  of  waves  it  is  important  to  know 
the  depth  to  which  the  sea  is  affected  by  such  superncial  movements. 
The  Astronomer-Boyal  states  that  ground-swell  may  break  in  100 
fathoms  water.^  It  is  common  to  find  boulders  and  shingle  dis- 
turbed at  a  depth  of  10  fathoms,  and  even  driven -from  that  depth 
to  the  shore,  and  waves  may  be  noticed  to  become  muddy  from  the 
working  up  of  the  silt  at  the  bottom  when  thev  have  reached  water 
of  7  or  8  fathoms  in  depth.'  It  is  stated  by  Delesse  that  en- 
gineering operations  have  shown  that  submarine  constructions  are 
scarcely  disturbed  at  a  greater  depth  than  5  metres  (16*4  feet)  in 
the  Mediterranean  and  8  metres  (26*24  feet)  in  the  Atlantic.^  In  the 
Bay  of  Gasconv  it  has  been  ascertained  that  the  depth  at  which  the 
sea  breaks  and  is  effective  in  the  transport  of  sand  along  the  bottom 
varies  from  scarcely  8  metres  in  ordinary  weather,  to  5  metres  in 
stormy  weather,  and  only  exceeds  10  metres  (32*8  feet)  in  great 
buzricanes.  According  to  Commander  Cialdi,  the  movement  of 
waves  may  disturb  fine  sand  on  the  bottom  at  a  depth  of  40  metres 
fl31  feet)  in  the  English  Channel,  50  metres  (164  feet)  in  the 
Mediterranean,  and  200  metres  (656  feet)  in  the  ocean.* 
(4.)  lee  on  the  Sea. — In  this  place  may  be  most  conveniently 

*  T.  Bierenton,  Tram,  Bap,  8oc.  Edin,  xri  p.  25 ;  treatite  on  **  Harbours,**  p.  42. 

'  BHeptiopedia  Meiropolitana,  art  *'  Waves.''  Gentle  moTement  of  the  bottom  water 
li  aild  to  be  foiDetimeB  indicated  by  ripple-markt  on  the  fine  land  of  the  aea-floor  at  a 
depth  of  SCO  foet 

•  T.  6te?eDKm'e  '•Harbonn,"  p.  15. 

*  **  Lithdlogie  dee  Hera  de  Franoe  "  (1S72),  p.  110. 

•  Qnotod  li^  Deleve,  op.  eit,  p.  111. 
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noticed  the  origin  and  movements  of  the  ice  which  in  dicompolar 
latitudes  covers  the  sea.  This  ice  is  derived  from  two  sonices — a» 
the  freezing  of  the  sea  itself,  and  ^,  the  seaward  prolongation  of 
land-ice. 

a.  Three  chief  types  of  sea-ice  have  been  observed,  (a.)  In  the 
Arctic  sounds  and  bays  the  littoral  waters  freeze  along  the  shores 
and  form  a  cake  of  ice  which,  upborne  by  the  tide  and  adhering  to 
the  land,  is  thickened  by  successive  additious  below,  as  well  as  by 
snow  above,  until  it  forms  a  shelf  of  ice  120  to  130  feet  broad  and 
20  to  30  feet  high.  This  sheU^  known  as  the  ice-foot,  serves  as  a 
platform  on  which  the  abundant  debris,  loosened  by  the  severe  frosts 
of  an  Arctic  winter,  gathers  at  the  foot  of  the  dim.    It  is  more  or 


^"^■^m 


Fig.  157  — DssBiTPTED  Flob-ioi  of  Asono  Skas. 

less  completely  broken  up  in  summer,  but  forms  again  with  the  early 
frosts  of  the  ensuing  autumn,  (h.)  The  surface  of  the  open  sea 
L'kewise  freezes  over  into  a  continuous  solid  sheet,  whien,  when 
undisturbed,  becomes  in  the  Arctic  regions  about  eight  feet  thick,  but 
which  in  summer  breaks  up  into  separate  masses,  sometimes  of  lai;^ 
extent,  and  is  apt  to  be  piled  up  into  huge,  irregular  heaps.  This  is 
what  navigators  term  Jloe-iee,  and  the  separate  floating  cakes  are 
known  us  floes.  Ships  fixed  among  these  floes  have  l^n  drifted 
with  the  ice  for  hundreds  of  miles  until  at  last  liberated  by 
its  disruption,  {c.)  In  the  Baltic  Sea,  off  the  coast  of  Labrador 
and  elsewhere,  ice  has  been  observed  to  form  on  the  sea-bottom. 
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It  18  known  as  gionnd-ioe  or  anchor  ice.  In  the  Labrador  fishing- 
noands  it-  forms  even  at  considerable  depths.  Seals  caught  in  the 
nnes  at  those  depths  are  said  to  be  brought  up  sometimes  solidly 
frosen. 

p.  In  the  Arctic  regions  yast  glaciers  drain  the  snow-fields,  and, 
descending  to  the  sea,  extend  for  some  distance  from  shore  until 
large  fragments  break  ofif  and  float  away  seawards.    These  detached 


FlO.  158.— FOBMATIOK  OF  ICEBSBOS  (jB.). 

The  glaeier  (a,  V)  deeoeods  from  monntainoiu  ground  (&)  to  the  sea  level  («\  bearing 
moraine  stun  on  the  lurface,  pnahing  on  detritus  below  (d),  and  sending  off  ioe- 
beigs  (m),  which  may  carry  detritus  and  drop  it  oyer  the  sea-bottom ;  <,  <\  y,  lines 
of  Ugh  and  low  water. 

nifigBOfl  are  icebergs.  Their  shape  and  size  greatly  vary,  but  lofty 
pedted  forms  are  common,  and  tbey  sometimes  rise  from  200  to  300 
leet  abore  the  level  of  the  sea.    As  only  about  an  eighth  part  of  the 
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abore  water.*  Icebergs  of  the  largest  size  consequently  requite 
water  of  some  depth  to  float  them,  but  are  sometimes  seen 
aground.  In  the  Antarctic  regions,  where  one  yast  sheet  of  ice 
envelopes  the  land  and  protrudes  into  the  sea  as  a  long,  lofty  ram- 
part of  ice,  the  detached  icebergs  often  reach  a  great  size,  and  are 
characterized  by  the  frequency  of  a  flat  tabular  form  (Fig.  160). 


FiQ.  160.— Tauuulb  Ioebbbo  dbtaohkd  from  thx  Qrsat  AjSTTAMOnO 

lOB-BABRIEB.      (WOiKU.) 

II.  Oeological  Work.  (1.)  Influence  on  Climate. — Were 
there  no  agencies  in  nature  for  distributing  temperature,  there  would 
be  a  regular  and  uniform  diminution  in  the  mean  annual  temperatare 
from  equator  to  poles,  and  the  isothermal  lines,  or  lines  of  equal  heat, 
would  coincide  with  lines  of  latitude.  But  no  such  general  corre- 
spondence actually  exists.  A  chart  of  the  globe  with  the  isothermal 
Imes  drawn  across  it,  shows  that  their  divergences  from  the  parallela 
are  striking,  and  most  so  where  they  approach  and  cross  the  ocean. 
Currents  from  warm  regions  raise  the  temperature  of  the  tracts  into 
which  they  flow;  those  from  cold  regions  lower  it.  The  ocean, 
in  short,  is  the  great  distributor  of  temperature  over  the  globe.  As 
an  illustration  the  two  opposite  sides  of  the  North  Atlantic  may  be 
taken.  Tbe  cold  Arctic  current  flowing  southward  along  the  north- 
east coast  of  America  reduces  the  mean  annual  temperature  of  that 
region.  On  the  other  hand,  the  Gulf  Stream  brings  to  the  shores 
of  the  north-west  of  Europe  a  temperature  much  above  what  they 
would  otherwise  enjoy.  Dublin  and  the  south-eastern  headlands  of 
Labrador  lie  on  the  same  parallel  of  latitude,  yet  differ  as  much  as 
18°  in  their  mean  annual  temperature,  that  of  Dublin  being  50^  and 
that  of  Labrador  32°  Fahr.  Dr.  Croll  has  calculated  that  the  Gulf 
Stream  conveys  nearly  half  as  much  heat  fiom  the  tropics  as  is 
received  from  the  sun  by  the  entire  Arctic  regions.* 

(2.)  Erosion.   A.  Comical. — The  chemical  action  of  the  sea  upon 
the  rocks  of  its  bed  and  shores  has  not  yet  been  properly  studied.* 

>  On  flotation  of  Icebergs,  boa  Geol  Mag.  (2iid  see.),  iii.  pp.  803^  379 :  iv.  65,  pp.  135. 
'  See  a  series  of  papers  by  bim  on  the  «*  Gnlf  Stream  and  Ocean  Corrents  '*   in 
Geol.  Mag,  and  Phil  Mag.  for  1869,  1870-74,  and  his  work  ^  Climate  and  Time.'* 
'  Bee  Bisohofs  **  Chemical  Geology,"  yoL  1.  chap.  viL 
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It  is  eTidenty  however,  that  changes  analogous  to  those  effected  by  fresh 
water  on  the  land  must  be  in  progress.  Oxidation,  and  the  formation 
of  carbonates,  no  doubt  continually  take  place.  We  may  judge 
indeed  of  the  nature  and  rapidity  of  some  of  these  changes  by 
watching  the  decay  of  stones  and  material  employed  in  the  con- 
flknicti0n  of  piers.  Mr.  Mallet — as  the  result  of  experiments  with 
specimem  sank  in  the  sea— concluded  that  from  ^^  to  -^  of 
an  inch  in  depth  in  iron  eastings  1  inch  thick,  and  about  -^s^  of  an 
inch  of  wrought  iron,  will  be  destroyed  in  a  century  in  clear  salt 
water.  Mr.  Steyenson,  in  referring  to  these  experiments,  remarks 
that  at  the  Bell  Bock  lighthouse,  twenty-five  different  kinds  and 
combinations  of  iron  were  exposed  to  the  action  of  the  sea,  and  all 
yielded  to  corrosion.  In  some  of  these  castings  the  loss  has  been  at 
the  rate  of  an  inch  in  a  century.  **  One  of  the  bars  which  was  free 
from  air-holes  had  its  specific  gravity  reduced  to  5*63,  and  its 
transverse  strength  from  7409  lb.  to  4797  lb.,  and  yet  presented  no 
external  appearance  of  decay.  Another  apparently  sound  specimen 
was  reducea  in  strength  from  4068  lb.  to  2352  lb.,  naving  lost  nearly 
half  its  strength  in  fifty  years."^  Similar  results  were  recently 
observed  by  Mr.  Grothe,  resident  engineer  at  the  construction  of  the 
ill-fated  railway  bridge  acro%  the  Firth  of  Tay.  A  cast-iron  cylinder 
(such  as  was  employed  in  constructing  the  concrete  basements  for 
the  piers),  which  had  been  below  water  for  only  sixteen  months,  was 
found  to  be  so  corroded  that  a  penknife  could  be  stuck  through  it  in 
many  places.  An  examination  of  the  shore  will  sometimes  reveal  a 
good  deal  of  quiet  chemical  change  on  the  outer  crust  of  waye- washed 
Tocks.  Basalt,  for  instance,  has  ite  felspar  decomposed,  and  shows  the 
presence  of  carbonates  by  effervescing  briskly  with  acid.  The 
augite  is  occasionally  replaced  by  ferrous  carbonate. 

B.  Meehanieal— It  is  mainly  by  its  mechanical  action  that  the 
sea  accomplishes  its  erosive  work.  This  can  only  take  place  where 
the  water  is  in  motion,  and,  other  things  being  equal,  is  greatest 
where  the  motion  is  strongest.  Hence  we  cannot  suppose  that 
erosion  to  any  appreciable  extent  can  be  effected  in  the  abysses  of 
the  sea,  where  tne  only  motion  possible  is  the  slow  creeping  of  the 
polar  water.  But  where  the  currents  are  powerful  enough  to  moye 
grains  of  sand  and  gravel,  a  slow  erosion  may  take  place  even  at 
considerable  depths.  It  is  in  the  upper  portions  of  the  sea,  however, 
^the  region  of  currents,  tides,  and  waves, — ^that  mechanical  erosion 
18  chiefly  performed.  The  depth  to  which  the  influence  of  waves  and 
ground-swell  may  extend  seems  to  vary  greatly  according  to  the 
ntoation  {ante,  p.  423).  A  good  test  for  the  absence  of  serious  abrasion 
is  furnished  by  the  presence  of  fine  mud  on  the  bottom.  Wherever 
that  is  found,  we  may  be  tolerably  sure  that  the  bottom  at  that 
pUoe  lies  bejrond  the  reach  of  ordinary  breaker  action.'  From  the 
superior  limit  of  the  accumulation  of  mud  up  to  hi^h-water  mark, 
ana  in  exposed  places  up  to  100  feet  or  more  above  high-water  mark, 
'  T.  Stevenaon  on  •'Harbour*,'*  p.  47.  •  Ihid.  p.  15. 
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lies  the  zone  within  which  the  sea  does  its  wcvk  of  abrasion.  To 
this  zone,  eren  where  the  breakers  are  heaviest,  a  greater  extreme 
vertical  range  can  hardly  be  assigned  than  300  feet»  and  in  most  cases 
it  probably  fisdls  fieur  short  of  that  extent 

The  mechanical  work  of  erosion  by  the  sea  is  done  in  fonr  ways. 

a.  The  enormous  force  of  the  breakers  suffices  to  tear  off 
fragments  of  the  solid  rocks.  Abundant  examples  are  famished  by 
the  precipitous  shores  of  CSaithness,  and  of  the  Orkney  and  Shetland 
Islands.  It  sometimes  happens  that  demonstration  of  the  height  to 
which  the  effective  force  of  breakers  may  reach  is  furnished  at  light- 
houses built  on  exposed  parts  of  the  coast  Thus,  at  Unst  the  most 
northerly  point  of  Shetland,  walls  were  overthrown  and  a  door  was 
broken  open  at  a  height  of  196  feet  above  the  sea.  At  the  Bishop 
Bock  lignthouse,  on  the  West  of  England,  a  bell  weighing  8  cwt 
was  wrenched  off  at  a  level  of  100  feet  above  high-water  mark.^ 
Some  of  the  most  remarkable  instances  of  the  power  of  breakers 
have  been  observed  by  Mr.  Stevenson  amon^  tne  islands  of  the 
Shetland  group.  On  the  Bound  Skerry  he  found  that  blocks  of 
rock  up  to  9J^  tons  in  weight  had  been  washed  together  at  a  height 
of  nearly  60  feet  above  the  sea,  that  blocks  weighing  from  6  to  13]^ 
tons  had  been  actually  quarried  out  of  their  original  bed,  at  a 
height  of  from  70  to  75  feet,  and  that  a  block  of  nearly  8  tons 
had  been  driven  before  the  waves  at  the  level  of  20  feet  above 
the  sea,  over  very  rough  ground,  to  a  distance  of  73  feet  He 
likewise  records  the  moving  of  a  50-ton  block  by  the  waves  at 
Barrahead,  in  the  Hebrides.^  At  Plymouth,  also,  blocks  of  several 
tons  in  weight  have  been  known  to  w  washed  about  the  breakwater 
like  pebbles.* 

p.  The  alternate  compression  and  expansion  of  air  in 
crevices  of  rocks  exposed  to  heavy  breakers  dislocates  laige  masses 
of  stone,  even  above  the  direct  reach  of  the  waves.  It  is  a  fact 
familiar  to  engineers  that,  even  from  a  vertical  and  apparently 
perfectly  solid  wall  of  well-built  masonry  exposed  to  heavy  seas, 
stones  will  sometimes  be  started  out  of  their  places,  and  that  whai 
this  happens  a  rapid  enlargement  of  the  cavity  may  be  effected,  as  if 

*  T.  SteTeDBon,  op.  eit.  p.  81.  D.  A.  SteTenson,  Min.  Proe,  LuL  Oh.  Engin.  xltl 
(1876),  p.  7.  '  T.  Bteyenaon,  op.  eU.  pp.  21-87. 

'  The  stadent  wiU  bear  in  mind  that  Uie  relative  weight  of  bodies  is  greatly  rednoed 
when  in  water,  and  still  more  in  sea-water.  The  following  examples  will  iUostmte  thii 
fact  (T.  Stevenson's  "  Harbours,"  p.  107) :— 


Speoifio 
Grayity. 

Kaofonbicfeet 
to  a  ton  in  air. 

No.  of  feet  to  a  ton 
in  sea-water  of  spe- 
dfio graWtj  1*028. 

Basalt 

Bed  granite      .     .     . 
Sandstone  .... 
OannelGoal     .     .     . 

2-99 
2-71 
2-41 
1-54 

11-9 
13-2 
14-8 
23-8 

18-28 
21*80 
26*00 
70*00 
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the  walls  were  breached  by  a  severe  bombardment.  At  the  Eddystone 
lighthouse,  during  a  storm  in  1840,  a  door  which  had  been  securely 
£BtBtened  against  the  force  of  the  surf  from  without,  was  actually 
driven  outward  by  a  pressure  acting  from  within  the  tower,  in  spite 
of  the  strong  bolts  and  hinges,  which  were  broken.  We  may  infer 
that,  by  the  sudden  sinking  of  a  mass  of  water  hurled  against  the 
building,  a  partial  vacuum  was  formed,  and  that  the  air  inside  forced 
out  the  door  in  its  efforts  to  restore  the  equilibrium.^  This  explana- 
tion may  partly  account' for  the  way  in  which  the  stones  are  started 
from  their  places  in  a  solidly  built  sea-wall.  But  besides  this  cause 
we  must  also  consider  a  perhaps  still  more  effective  one  in  the  con- 
densation of  the  air  driven  before  the  wave  between  the  joints  and 
erevices  of  the  stones,  and  its  subsequent  instantaneous  expansion 
when  the  wave  drops.  During  gales,  when  large  waves  are  driven 
to  shore,  many  tons  of  water  are  poured  suddenly  into  a  deft  or 
cavern.  These  volumes  of  water,  as  they  rush  in,  compress  the 
air  into  everv  joint  and  pore  of  the  rock  at  the  further  end, 
and  then  quickly  retiring,  exert  sueh  a  suction  as  from  time  to  time 
to  bring  down  part  of  the  walls  or  roof.  The  sea  may  thus  gradually 
form  an  inland  passage  for  itself  to  the  surface  above,  in  a  *'  blow- 
hole "  or  <<  puffing-hole,*'  through  which  spouts  of  foam  and  spray  are 
in  storms  shot  high  into  the  air.  On  the  more  exposed  portions  of 
the  w^t  coast  of  Ireland  numerous  examples  of  such  blow-boles  occur. 
In  Scotland,  likewise,  they  may  often  be  observed,  as  in  the  BuUers 
(boiler?)  of  Buchan  on  the  coast  of  Aberdeenshire,  and  the  Geary  Pot 
near  Arbroath.  Magnificent  instances  occur  among  the  Orkney  and 
Shetland  Islands,  some  of  the  more  shattered  rocks  of  these  northern 
coasts  being,  as  it  were,  honeycombed  by  sea-tunnels,  many  of  which 
open  np  into  the  middle  of  fields  or  moors. 

7.  The  hydraulic  pressure  of  those  portions  of  large  waves 
that  enter  fissures  and  passages  tends  to  force  asunder  masses  of  rock. 
The  sea-water  which,  as  part  of  an  in-rushing  wave,  fills  the  gullies 
and  chinks  of  the  shore-rocks  exerts  the  same  pressure  upon  the  walls 
between  which  it  is  confined  as  the  rest  of  the  wave  is  doing  upon  the 
&ce  of  the  cliff.  Each  cleft  so  circumstanced  becomes  a  kind  of 
hydraulic  press,  the  potency  of  which  is  to  be  measured  by  the  force 
with  whicn  the  waves  fall  upon  the  rocks  outside — a  force  which 
often  amounts  to  three  tons  on  the  square  foot.  There  can  be  little 
doubt  that  by  this  means  considerable  pieces  of  a  cliff  are  from  time 
to  time  dislodged. 

&  The  waves  make  use  of  the  loose  detritus  within  their 
reach  to  break  down  cliffs  exposed  to  their  fury.  Probably  by  far 
tihe  largest  amount  of  erosion  is  thus  accomplished.  The  blows 
dealt  agaiust  shore-clifis  by  boulders,  gravel,  and  sand  swung  forward 
by  breakers,  were  aptly  compared  by  Playfair  to  a  kind  of  artillery.' 
During  a  storm  upon  a  shingly  coast  we  may  hear,  at  a  distance  of 

*  Wftlker,  Proe,  Ink.  Civ.  Engin,  i.  p.  15 ;  SteveDson*!  **  Harboun,'*  p.  10. 
'  "  lUnttimlkios  of  the  HntUmian  Theory,**  tec.  97.  * 
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seyeral  miles,  the  rand  of  the  stones  upon  each  other,  as  they  aie 
dragged  back  by  the  recoil  of  the  waves  which  had  launched  them 
forward.  In  tms  tear  and  wear  the  loose  stones  are  ground  smaller, 
and  acquire  the  smooth  round  form  so  characteristic  of  a  surf-beaten 
beach.  At  the  same  time  they  bruise  and  wear  down  cli£Es  against 
which  they  are  driven.  A  rock  much  jointed,  or  from  any  cause 
presenting  less  resistance  to  attack,  is  excavated  into  gullies,  creeks, 
and  caves ;  its  harder  parts  standing  out  as  promontories  are  pierced ; 
gradually  a  series  of  detached  buttresses  and  sea-stacks  appears  as 
the  cliff  recedes,  and  these  in  turn  are  wasted  until  they  become 
mere  skerries  and  sunken  surf-beaten  reefs  (Fig.  161).  At  the  same 
time  the  surface  of  the  beach  is  ground  down.  The  reality  of  this 
erosion  and  consequent  lowering  of  level  is  sometimes  instructively 
displayed  where  a  block  of  harder  rock  serves  for  a  time  to  pro- 


FfO.  161. — Coast  of  (Cornwall,  at  Bkdbdthak  (Dbtokian  Boodcs),  out  bt  no 
8xA  DfTO  CurwB,  Bays,  and  Staou  (£.). 

tect  the  portion  of  rocky  beach  lying  beneath  it.  The  block  by 
degrees  comes  to  rest  on  a  growing  p^estal  which  is  eventually  cut 
round  by  the  waves,  until  the  overlying  mass,  losing  its  support, 
rolls  down  upon  the  beach,  and  the  same  process  is  renewed 
(Fig.  162). 

Of  the  progress  of  marine  erosion  the  more  exposed  parts  of  the 
British  coast-line  furnish  many  admirable  examples.  The  west  coast 
of  Ireland,  exposed  to  the  full  swell  of  the  Atlantic,  is  in  innumerable 
localities  completely  undermined  by  caverns,  into  which  the  sea 
enters  from  both  sides.  The  precipitous  coasts  of  Skye,  Sutherland, 
Caithness,  Forfar,  Kincardine,  and  Aberdeenshire  abound  in  the  most 
impressive  lessons  of  the  waste  of  a  rocky  sea-margiu  ;  while  the  same 

ficturesque  features  are  prolonged  into  the  Orkney  and  Shetland 
stands,  the  magnificent  cliffs  of  Hoy  towering  as  a  vast  wall  some 
1200  feet  above  the  Atlantic  breakers,  which  are  tunnelling  and  fret- 
ting their  base. 
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If  such  is  the  progress  of  waste  where  the  materials  consist  of 
the  most  solid  rocks,  we  may  expect  to  meet  with  still  more  im- 
pressiye  proofs  of  decay  where  the  coast-line  can  oppose  only  soft 
sand  or  clay  to  the  march  of  the  breakers.    Again,  the  geological 


FlO.   162. — ^BODLDBB  OF  BaSALT  PROTBOnNQ  THE  POBTION  OF  BeAOH  UNDBBNSATH 

it;    Laboo,  Fifb. 

student  in  Britain  can  examine  for  himself  many  illustrations  of  this 
kind  of  destruction  around  the  shores  of  these  islands.  Within  the 
last  few  hundred  years  entire  parishes  with  their  towns  and  villages 
have  been  washed  away,  and  the  tide  now  ebbs  and  flows  over  districts 
which  in  old  times  were  cultivated  fields  and  cheerful  hamlets.  The 
coast  of  Yorkshire  between  Flamborou^h  Head  and  the  mouth  of 
the  Humber,  and  also  that  between  the  Wash  and  the  mouth  of  the 
Thames,  suffer  at  a  specially  rapid  rate,  for  the  cliffs  in  these  parts 
consist  in  great  measure  of  soft  clay.  In  some  places  this  loss  is  said 
to  amount  to  3  feet  per  annum. 

While  investigating  the  progress  of  waste  along  a  coast-line,  the 
geologist  has  to  consider  the  varying  powers  of  resistance  possessed 
by  rooks^  and  the  extent  to  which  the  action  of  the  waves  is  assisted 
by  that  of  the  subaerial  agents.  Rocks  of  little  tenacity  and  readily 
susceptible  of  disintegration,  obviously  present  least  resistance  to  the 
advance  of  the  waves.  A  clay,  for  example,  is  readily  eaten  away. 
I^  however,  it  should  contain  numerous  nard  nodules  or  imbedded 
boulders,  these,  as  they  drop  out,  may  accumulate  in  front  beneath 
the  clifT,  and  serve  as  a  partial  breakwater  against  the  waves 
(Fig.  163).  On  the  other  nand,  a  hard  band  or  boss  of  rock  may 
witlistand  the  destruction  which  overtakes  the  softer  or  more  jointed 
surrounding  portions,  and  may  consequently  be  left  projecting  into 
the  sea,  as  a  line  of  headland  or  promontory,  or  rising  as  an  isolated 
stack  (Fig.   161).     But  besides  mere  hardness    or    softness,   the 
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geological  structure  of  the  rocks  powerf^K'  influences  the  nature  and 
rate  of  the  encroachment  of  the  sea.  Wfaere,  owing  to  the  inclina- 
tion of  bedding,  joints,  or  other  divisional  planes,  sheets  of  rock  slope 
down  into  the  water^  ihej  serre  as  a  kind  of  natural  breakwater,  up 


Fio.  168. — Clifib  or  Clat  full  of  Septabian  Kodules,  thb  AocfcinTLATiow  or 

WHICH  BEBVES  TO  ABHEflT  TUB  FB0QBB8B  OF  THB  WaTBB. 

and  down  which  the  surges  rise  and  fall  during  calms,  or  rush  in 
crested  billows  during  gales,  the  abrasion  being  here  reduced  to  the 
smallest  proportioDa  hi  no  part  of  the  degradation  of  the  land,  can 
the  dommant  influence  of  rock-structure  be  more  conspicuouslj 
observed  and  instractiyely  studied,  than  along  marine  cb'fis.  Where 
the  lines  of  precipice  are  abrupt,  with  numerous  projecting  and 
retiring  vertical  walls,  it  will  almost  invariably  be  found,  that  these 
perpendicular  faces  have  been  cut  open  along  lines  of  intersecting 
joint.  The  existence  of  such  lines  of  division  permits  a  steep  or 
vertical  front  to  be  presented  by  the  land  to  the  sea,  because,  as 
slice  after  slice  is  removed,  each  freshly  bared  surfiEtce  is  still  defined 
by  a  joint-plane.    (See  Book  IV.,  Sect  ii.) 

Bat  dunng  the  study  of  any  rocky  coast  where  these  features  are 
exhibited,  the  observer  will  soon  perceive  that  the  encroachment  of 
the  sea  upon  the  land  is  not  due  merely  to  the  action  of  the  waves, 
but  that  even  on  shores  where  the  gales  are  fiercest  and  the  breakers 
most  vigorous,  the  demolition  of  the  clifi*s  depends  mainly  upon  the 
sapping  influence  of  rain,  springs,  frosts,  and  general  atmospheric 
disintegration.  In  Fig.  164,  for  example,  which  gives  a  view  of  a 
portion  of  the  northern  Caithness  coast,  exposed  to  the  full  fury  of 
the  gales  and  rapid  tidal  currents  which  rush  from  the  Atlantic 
through  the  Pentland  Firth,  we  see  at  once  that  though  the  base  of 
the  cliff  is  scooped  out  by  the  restless  surge  into  long  twilight  caves, 
nevertheless  the  recession  of  the  precipice  is  caused  oy  the  wedging 
off  of  slice  after  slice,  along  the  lines  of  vertical  joint,  and  that  this 
process  begins  at  the  top,  where  the  subaerial  forces  and  not  the 
waves  are  the  sculptors.  Undoubtedly  the  sea  plays  its  part  by 
removing  the  materials  dislodged,  and  preventing  them  from  accumu- 
lating against  and  protecting  the  face  of  the  precipice.  But  were  it 
not  for  the  potent  influence  of  subaerial  decay,  the  progress  of  the 
sea  would  be  comparatively  feeble.  The  very  blocks  of  stone  which 
give  the  waves  so  much  of  their  efficacy  as  abrading  agents,  are  in 
great  measure  furnished  to  them  by  the  action  of  me  meteoric 


Digitized  by 


Google 


Part  IL  Sect.  ii.  §  6.]    MARINE  EROSION. 


433 


agents.    If  sea-cliflfs  were  mainly  due  to  the  destructive  effects  of 
the  waveSy  they  ought  to  overhang  their  base,  for  at  or  near  their 


Fio.  161 — ^Yebtioal  8BA-0LirF8  OF  Vlaostone,  keab  Holburn  Heap,  Caithness. 

base  only  does  the  sea  act  (Fig.  165).  But  the  fact  that  in  the 
vast  majority  of  cases  sea-cliffs,  instead  of  overhanging,  slope 
backward,  at  a  greater  or  less    angle,  from  the  sea   (Fig.   161), 


Fio.  165.— Mabikb  Ebosiok  wnEBs  bxceptionallt  the  Babe  or  a  Cliff  becedes 

FA8TKB  THAN  THE  €FPER  PART. 

shows  that  the  waste  from  subaerial  action  is  really  greater  than 
that  from  the  action  of  the' breakers.^  Even  when  a  cliff  actually 
overhangs,  however,  it  may  often  be  shown  that  the  apparent  greater 
leoession  of  its  base,  and  inferentially  the  more  powerful  denuding 


Whitaker,  Geol  Mag.  iv.  p.  447. 
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action  of  the  sea,  are  deceptive.  In  Fig.  166,  one  of  iDnninerable 
examples  from  the  Old  Bed  Sandstone  clifTs  of  Caithness  and  the 
Orkney  and  Shetland  Islands,  we  at  once  perceive  that  the  process 
of  demolition  is  precisely  similar  to  that  already  cited  in  Fig.  164. 
The  cliff  recedes  by  the  loss  of  snccessiye  slices  from  its  sea-front, 
which  are  wedged  off  not  by  the  waves  below,  but  by  the  snbaerial 
agents  above,  along  lines  of  pnrallel  joint.  To  the  inclination  of 
these  divisioral  planes  at  a  high  angle  from  the  sea,  the  precipice 
owes  its  slope  towards  the  land. 


FlO.   166.— OVKRHANGINO  GlXTF,  BbOUGH  OF  BlB&i,  ObXITXT. 

Ic^  erosion. — ^Among  the  erosive  operations  of  the  sea  must  be 
included  what  is  performed  by  floating  ice.  Along  the  margin  of 
Arctic  lands  a  good  deal  of  work  is  done  by  the  broken-np  floe-ice 
and  ice-foot.  These  cakes  of  ice,  driven  ashore  by  storms,  tear  up 
the  soft  shallow-water  or  littoral  deposits,  rub  and  scratch  the  rockst 
and  push  gravel  and  blocks  of  rock  before  them  as  thev  strand  on 
the  oeach.  Icebergs  also,  when  they  get  aground  in  aeep  water, 
must  greatly  di^turb  the  sediment  accumulating  there,  and  m^j 
grind  down  any  submarine  rock  on  which  they  grate  as  they  w* 
driven  along.  The  geological  operations  of  floating  ice  were 
formerly  invoked  by  geologists  to  explain  much  that  is  now  believed 
to  have  been  entirely  the  work  of  ice  on  land. 

(3.)  Transport. — By  means  of  its  currents  the  sea  transDorte 
mechanically  suspended  sediment  to  varying  distances  from  the  land. 
The  distance  will  depend  on  the  size,  form,  and  specific  gravity 
of  the  sediment  on  the  one  hand,  and  on  the  velocity  and  transporting 
power  of  the  marine  current  on  the  other.  liabbage  eetioiBiea 
that  if  from  the  mouth  of  a  river  100  feet  deep,  suspended  limestone 
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mad  of  different  degrees  of  fineness,  were  discharged  into  a  sea 
having  a  nniform  depth  of  1000  feet  over  a  great  extent,  four 
Tarieties  of  silt  falling  respeotiyely  through  10,  8,  5,  and  4  feet  of 
water  per  hour  would  be  distributed  as  in  the  following  table.^ 


Na 

VdociWoffidl 
per  boar. 

Neazeit  dittanoe  of 
deposit  to  rirer. 

Length  of  deposit. 

Greatest  disUnoe 

of  deposit  from 

rirer. 

1. 
2. 
8. 
4. 

feet 
10 

8 

5 

4 

milee. 
180 
225 
860 
450 

milee. 
20 
25 
40 
50 

miles. 
200 
250 
400 
500 

It  must  be  borne  in  mind,  howeyer,  that  mechanical  sediment 
sinks  faster  in  salt  than  in  fresh  water.^  The  fine  mud  in  the  layer 
of  riyer  water  which  floats  for  a  time  on  the  salter  and  heavier  sea- 
water  begins  to  sink  more  rapidly  as  soon  as  the  two  waters  com- 
mingle. 

Near  the  land,  where  the  moyements  of  the  water  are  actiye,  much 
coarse  detritus  is  transported  along  shore  or  swept  farther  out  to  sea. 
A  preyalent  wind,  by  creating  a  current  in  a  given  direction,  or  a 
strong  tidal  current  setting  along  a  coast4ine,  will  cause  the  shingle 
to  trayel  coastwise,  the  stones  getting  more  and  more  rounded  and 
reduced  in  size  as  they  recede  from  the  sources.  The  Chesil  Bank, 
which  runs  as  a  natural  breakwater  16  miles  long  connecting  the 
Isle  d  Portland  with  the  mainland  of  Dorsetshire,  consists  of  rounded 
shingle  whidh  is  constantly  being  driyen  westwards.  On  the  Moray 
Firth  the  reefs  of  quartz-rock  about  Cullen  furnish  abundance  of 
shingle,  which,  urged  by  successiye  easterly  gales,  moves  westwards 
along  the  coast  for  more  than  fifteen  miles.  The  coarser  sediment 
probably  seldom  goes  much  beyond  the  littoral  zone.  From  a  depth 
of  even  600  fathoms  in  the  North  Atlantic  between  the  Faroe 
Islands  and  Scotland  small  pebbles  of  yolcanio  and  other  rocks  are 
dredged  up  which  may  haye  oeen  carried  by  an  Arctic  under-current 
from  the  north.  But  recently  Mr.  Murray  and  Captain  Tizzard  have 
broDght  up  large  blocks  of  rounded  shingle  from  the  bank  (300 
lathoms)  between  S(X)tland  and  Faroe.  This  coarse  detritus  can 
hardly  be  due  to  any  present  action  of  the  sea,  for  at  such  depths 
the  force  of  currents  at  the  bottom  must  be  too  feeble  to  push  along 
coarse  shingle.  It  may  be  glacial  detritus  dating  back  to  the  Glacitu 
Period.  Much  fine  sediment  is  carried  in  suspension  by  the  sea  for 
long  distances  from  land.  The  Amazon  pours  so  much  silt  into 
the  sea  as  to  discolour  it  for  several  hundred  miles.  After  wet 
weather  the  sea  around  the  shores  of  the  British  Islands  is 
sometimes  made  turbid  by  the  quantity  of  mud  washed  by  rain 

>  Q.  J.  QtoL  iSbe.  xiL  SOS. 

*  For  ft  BQggestod  expUiuttioa  of  this  fi^t  see  Bamsftj,  Q.  /.  O^cL  8oc  xzzii.  p.  129. 
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and  streams  from  the  land.  Dr.  Carpenter  fonnd  the  bottom 
waters  of  the  Mediterranean  to  be  everywhere  permeated  by  an 
extremely  fine  mnd,  derived  no  doubt  from  the  rivers  and  shores  of 
that  sea.  He  remarks  that  the  characteristic  blueness  of  the 
Mediterranean,  like  that  of  the  Lake  of  Geneya,  may  be  doe  to 
the  diffusion  of  exceedingly  minute  sedimentary  particles  throng^h 
the  water. 

During  the  voyage  of  the  Challenger^  from  the  abysses  of  the 
Pacific  Ocean,  at  remote  distances  from  land,  the  dredge  brought  up 
bushels  of  rounded  pieces  of  pumice  of  all  sizes  up  to  blocks  a  toot  in 
diameter.      These  fragments  were  all  evidently  water-wom,  as  if 
derived  from  land,  though  we  are  still  ignorant  of  the  extent  to 
which  they  may  have  been  supplied  by  submarine  volcanic  emptionfc. 
Some  small  pieces  were  taken  on  the  surface  of  the  ocean  in  the 
tow-net.    Bound  volcanic  islands,  and  off  the  coasts  of  yolcanic  tracts 
of  the  mainland,  the  sea  is  sometimes  covered  with  floating  pieces  of 
water-worn  pumice  swept  out  by  flooded  rivers.    These  fragments 
•may  drift  away  for  hundreds  or  even  thousands  of  miles  until, 
becoming  water-logged,  they' sink  to  the  bottom.    The  universal 
distribution  of  numice  was  one  of  the  most  noticeable  features  in 
the  dredgings  of  the  Challenger.    The  clay  which  is  found  on  the 
bottom  of   the  ocean  at  the  greatest  distances  from  any  shore 
contains  only  volcanic  minerals  and  appears  to  be  due  to  the  tritura* 
tion  of  yolcanic  detritus.    At  a  distance  of  several  hundred  miles 
from  shore  traces  of  the  minerals  of  the  crystaUine  rocks  of  the  land 
begin  to  make  their  appearance.* 

Another  not  unimportant  process  of  marine  transport  is  that 
performed  by  floating  ice.  Among  the  Arctic  glaciers  moraine  stuff 
18  of  rare  occurrence ;  but  occasional  blocks  of  rock  and  heaps  of 
earth  and  stones  fall  from  the  cliffs  which  rise  above  the  general  waste 
of  snow.  Hence  on  the  icebergs  that  float  off  from  these  glaciers, 
rock  debris  may  sometimes  be  observed.  It  is  transported  southward 
for  hundreds  of  miles  until,  by  the  shifting  or  melting  of  the  bergs, 
it  is  dropped  into  deep  water.  The  floor  of  certain  portions  of  the 
North  Atlantic  in  the  pathway  of  the  bergs  may  be  plentifully 
strewn  with  this  kind  of  aetritus.  By  means  of  the  ice-foot  al^,  an 
enormoQs  quantity  of  earth  and  stones  is  every  year  borne  away  from 
the  shore  by  the  disrupted  ice,  and  is  strewn  over  the  floor  of  the 
sounds,  bays,  and  channels. 

(4.)  Reproduction.  —  The  sea,  being  the  receptacle  for  the 
material  worn  away  from  the  land,  must  receive  and  store  up  in  its 
depths  all  that  vast  amount  of  detritus  by  the  removal  of  which  the 
level  and  contours  of  the  land  are  in  the  course  of  time  so  greatly 
changed.  The  deposits  which  take  place  within  the  area  covered  by 
the  sea  may  be  divided  into  two  groups — ^the  inorganic  and  omnic 
It  is  the  former  with  which  we  have  at  present  to  deal ;  the  latter 
will  be  discussed  with  the  other  geological  functions  of  plants  and 

•  Monmy,  Proe.  Bop.  Swi.  Bdin.  1S76-7,  p.  217. 
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aDimals  (see  p.  461,  seq.).  The  inorganic  deposits  of  the  sea-floor  are 
(1)  chemical  and  (2)  mechanical. 

i.  Of  Chemical  deposits  now  forming  on  the  sea- floor  we  know 
as  yet  very  little.  At  the  month  of  the  Bhone  a  crystalline  cal- 
careoos  deposit  accumnlates  in  which  the  debris  of  the  sea-floor 
is  enveloped.  As  sea-water  contains  so  minute  a  proportion  of 
carbonate  of  lime  and  so  much  larger  a  proportion  of  carbon 
dioxide  than  is  needed  to  keep  this  carbonate  in  solution,  Bischof 
estimated  that  no  precipitation  of  carbonate  of  lime  could  take  place 
from  sea-water  until  after  44  of  the  water  had  evaporated.^  It  is 
thus  evident  that  no  deposit  of  lime  in  the  open  sea  is  possible  from 
concentration  of  sea-water.  But  the  calcareous  formation  on  the 
sea-bottom  opposite  rivers  like  the  Bhone  may  be  explained  by 
supposing  that  as  the  layer  of  river  water  floats  and  thins  out  over 
the  surface  of  the  sea  in  warm  weather  with  rapid  evaporation,  its 
comparatively  large  proportion  of  carbonate  of  lime  may  do  partially 
precipitated.  It  has  been  observed  near  Nice,  as  well  as  on  the  African 
coast  and  other  parts  of  the  Mediterranean  shores,  that  the  shore  rocks 
within  reach  of  the  water  have  a  hard  varnish-like  crust  deposited 
upon  them.  This  substance  consists  essentially  of  carbonate  of  lime. 
As  it  extends  over  rocks  of  the  most  various  composition,  it  is  probably 
due  to  a  deposit  of  lime  held  in  solution  in  the  shore  sea- water,  and 
rapidly  evaporated  in  pools  or  while  bathing  the  surface  of  rocks 
exposed  to  strong  sun-heat^ 

During  the  researches  of  the  Challenger  expedition,,  important 
facts  in  the  history  of  marine  chemistry  have  t>een  obtained  from 
the  abysses  of  the  Atlantic  and  Pacific  oceans.  Some  of  these  are 
referred  to  on  pp.  441,  469. 

ii.  The  Mechanical  deposits  of  the  sea  may  bepouped  into 
subdivisions  according  as  they  are  directly  connected  with  the  waste 
of  the  land,  or  have  originated  at  great  deptha  and  remote  from  land, 
when  their  source  is  not  so  obvious. 

A.  Landrderived  or  Terrigenous. — These  may  be  conveniently 
grouped  according  to  their  relative  places  on  the  sea-bed. 

a.  Shore  Deposits. — The  most  conspicuous  and  familiar  are  the 
layers  of  gravel  and  sand  which  accumulate  between  tide-marks. 
As  a  rule,  the  coarse  materials  are  thrown  up  about  the  upper  limit 
of  the  beach.  They  seem  to  remain  stationary  there ;  but  u  watched 
and  examined  from  time  to  time,  they  will  be  found  to  be  continually 
shifted  by  high  tides  and  storms,  so  that  the  bank  or  hav  of  shingle 
retains  its  place  though  its  component  pebbles  are  being  constantly 
moved.  During  gales  coincident  with  high  tides,,  coarse  gravel  may 
be  piled  up  considerably  iibove  the  ordinary  limit  of  the  waves  in 
the  form  of  what  are  termed  itorm-beaches^  Below  the  limit  of  coarse 
shingle  upon  the  beach  lies  the  zone  of  fine  gravel,  and  then  that  of 

»  Chem  Oed.  i.  p.  178. 

*  BtM,  See.  GM.  Frtmee  (8),  ii.  p.  219,  iii.  p.  4a,  ri.  p.  84. 

'  See  KinahaQ  ou  Sea-beaoliet,  Proe.  Bou-  Iri9h  Acad.  {233d.  aer.X  Hi.  p»  10t« 
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sand,  the  sediment,  thongb  liable  to  irregular  distribution,  yet 
tending  to  arrange  itself  according  to  coarseness  and  specific  gravity, 
the  rougher  and  heavier  detritus  lying  at  the  upper,  and  the  finer 
and  b'ghter  towards  the  lower  edge  of  the  shore.  The  nature  of 
the  littoral  accumulations  on  any  given  part  of  a  coast-line  must 
depend  either  upon  the  character  of  the  shore-rocks  which  at  that 
locality  are  broken  up  bv  the  waves,  or  upon  the  set  of  the 
shore-currents,  and  the  kind  of  detritus  they  bear  with  thenu  Coasts 
exposed  to  heavy  surf,  especially  where  of  a  rocky  character,  are  apt 
to  present  beacnes  of  coarse  smngle  between  their  projecting  pro- 
montories. Sheltered  bays,  on  the  other  hand,  where  wave-action  is 
comparatively  feeble,  afford  a  gathering  ground  for  finer  sediment 
such  as  sand  and  mud.  Estuaries  and  inlets  into  which  rivers  enter 
frequently  show  wide  muddy  flats  at  low  water.  Deposits  of  cum- 
minuted  shells,  coral-sand,  or  other  calcareous  organic  remains 
thrown  up  on  shore,  may  be  cemented  into  compact  rock  by  the 
solution  and  redeposit  of  carbonate  of  lime  (p.  324).  Where  tidal 
currents  sweep  along  a  coast  yielding  much  detritus,  long  bars  or 
shoals  may  form  parallel  with  the  shore.  On  these  the  shingle  and 
sand  are  driven  coastwise  in  the  direction  of  the  prevalent  current^ 

p.  Infra-Littoral  and  Deeper-Water  Deposits. — ^These  extend 
from  below  low- water  mark  to  a  depth  of  sometimes  as  much  as  2000 
fathoms,  and  reach  a  distance  from  land  varying  up  to  200  miles  or 
even  more.  Near  land,  and  in  comparatively  shallow  water,  thev 
consist  of  banks  or  sheets  of  sand,  more  rarely  mixed  with  gravel. 
The  bottom  of  the  North  Sea,  for  example,  which  between  Britain 
and  the  continent  of  Europe  lies  at  a  aepth  never  reaching  100 
fathoms,  is  irregularly  marked  by  long  ridges  of  sand  enclosing  here 
and  there  hollows  where  mud  hAS  been  deposited.  Li  the  English 
Channel  large  banks  of  gravel  extend  through  the  Straits  of  Dorer 
as  far  as  the  entrance  to  the  North  Sea.  Tiiese  features  seem  to 
iodicate  the  line  of  the  chief  mud-bearing  streams  from  the  land, 
and  the  general  disposition  of  currents  and  eddies  in  the  sea  which 
covers  that  region,  the  gravel  ridges  marking  the  tracts  or  junctions 
of  the  more  rapidly  moving  currents,  while  the  muddy  hollows  point 
to  the  eddies  where  the  fine  sediment  is  permitted  to  settle  on  the 
bottom.  It  is  possible,  however,  that  the  inequalities  on  the  floor  ot 
the  North  Sea,  and  their  peculiarities  of  sediment,  are  not  wholly 
modern,  but  may  be  partly  due  to  irregular  deposition  of  glacial  drift 
and  partly  to  the  contour  of  the  ground  before  it  was  submerged  and 
the  land  connection  between  Britain  and  Europe  was  destroyed. 

During  the  course  of  the  voyage  of  the  Challenger,  the 
approach  to  land  could  always  be  foretold  from  the  character  of  the 
bottom,  even  at  distances  of  150  and  200  milea  The  deposits 
were  found  to  consist  of  blue  and  green  muds  derived  from  the 
degradation  of  older  crystalline  rocks.     At  depths  of  100  to  700 

*  See  Bristow  and  Whitaker  on  Ohedl  Bank,  Donet,  Geol,  Mag,  (1869),  tI.  P-  ^' 
Kinabao,  Geol.  Mag.  (Decade  2.)  (1874),  L 
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btboms  they  are  often  coloured  green  by  glauconite.    At  greater 
depths  they  consist  of  blue  or  dark  slate-coloured  mud  with  a  thin 
upper   red  or  brown  layer.      Throughout  these  land-derived  sedi- 
ments particles  of  mica,  quartz,  and  other  minerals  are  distributed, 
the   materials  bacomin^  coarser  towards  land.     Pieces  of  wood, 
portions  of  fruits,  and  leaves  of  trees  occur  in  them,  and  further 
indicate  the  reality  of  the  transport  of  material  from  the  land.     Shells 
of  pteropods,  larval  gasteropods,  and  lamellibranchs  are  tolerably 
abundant  in  these  muds,  with  many  infra-littoral  species  of  Foramt- 
nifera,  and  diatoms.    Below  1500  or  1700  fathoms  pteropod  shells 
seldom  appear,  while  at  8000  fathoms  hardly  a  forarainifer  or  any 
calcareous  organism  remains.^    Bound  volcanic  islands  the  bottom  is 
found   to  be  covered  with  grey  mud  and  sand  derived  from  the 
degradation  of  volcanic  rocks.    These  deposits  can  be  traced  to  ^reat 
distances ;  from  Hawaii  they  extend  for  zOO  miles  or  more.      Pieces 
of  pumice,  scorisB,  &c.,  occur  in  them,  mingled  with  marine  organisms, 
and   more  particularly  with  abundant   grains,  incrustations,   and 
Bodales  of  an  earthy  peroxide  of  manganese.    Near  coral-reefis  the 
sea-floor  is  covered  with  a  white  calcareous. mud  derived  from  the 
abrasion  of  coral.      The  east  coast  of  South  America  supplies  a 
peculiar  red  mud  which  is  spread  over  the  Atlantic  slope  down  to 
depths  of  more  than  2000  fathoms. 

B.  Abysmal, — ^Passing  over  at  present  the  organic  deposits  which 
form  so  characteristic  a  feature  on  the  floor  of  the  deeper  and  more 
open  parts  of  the  ocean,  we  come  to  certain  red  and  grey  olays  found 
at  depths  of  more  than  2000  fathoms  down  to  the  bottoms  of  the 
deepest  abysses.  These,  by  far  the  most  wide-spread  of  oceanic 
deposits,  consist  of  exceedingly  fine  clay,  coloured  sometimes  r<d 
by  iron-oxide,  sometimes  of  a  chocolate  tint  from  mangauese 
oxide,  with  grains  of  augite,  felspar,  and  other  volcanic  minerals, 
pieces  of  palagonite  and  pumice,  nodules  of  peroxide  of  manganese, 
and  other  mineral  substances,  together  with  Foraminifera^  and  in  some 
regions  a  large  proportion  of  siliceous  Radiolaria.  These  clays  seem 
to  result  from  the  decomposition  of  pumice  and  fine  volcanic  dust 
transported  from  volcanic  islands  into  mid-ocean,'  or  from  the 
accumulation  of  the  detritus  of  submarine  eruptions.  The  absence 
in  them  of  obviously  land-derived  non-volcanic  minerals  seems  to 
point  to  an  abundance  of  submarine  volcanic  action,  of  which  as  yet 
no  other  evidence  has  been  obtained.  Tlie  extreme  slowness  of  deposit 
is  strikingly  brought  out  in  the  tracts  of  sea-floor  farthest  removed  from 
land.  From  these  localities  great  numbers  of  sharks*  teeth,  with  ear- 
bones  and  other  bones  of  whales,  were  dredged  up  in  the  CAaZZen^er  ex- 
pedition,— some  of  them  quite  fresh,  others  partially  crusted  with  perox- 
ide of  manganese,  and  some  wholly  and  thicklv  surrounded  with  that 
substance.  We  cannot  suppose  that  sharks  and  whales  so  abounded  in 
the  sea  at  one  time  as  to  cover  the  floor  of  the  ocean  with  a  continuous 

»  Marmy,  Proo.  Roy,  8oe,  1S76,  p.  519. 

'  Hurray,  op.  cit  and  Proc.  Itoy  Soc,  Edin,  ix.  p.  247. 
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stratum  of  their  remains.  No  doubt  each  haul  of  the  dredge  which 
brought  up  so  many  bones  represented  the  droppings  of  many  genera- 
tions. The  successive  stages  of  manganese  incrustation  point  to  a  long, 
slow,  undisturbed  period,  when  so  little  sediment  accumulated  that  the 
bones  dropped  at  the  beginning  remained  at  the  end  still  uncovered, 
or  only  so  slightly  covered  as  to  be  easily  scraped  up  by  the  dredge. 
In  these  deposits,  moreover,  Mr.  Murray  has  found  numerous  minute 
spherular  particles  of  metallic  iron  which  he  regards  as  of  cosmic 
origin — ^portions  of  the  dust  of  meteorites  which  in  the  course  of 
ages  have  fallen  upon  the  sea-bottom.  Such  particles  no  doubt 
fall  all  over  the  ocean;  but  it  is  only  on  those  parts  of  the  bottom 
which,  by  reason  of  their  distance  from  any  land,  receive  accessions 
of  deposit  with  extreme  slowness — ^and  where  therefore  the  present 
surface  may  contain  the  dust  of  a  long  succession  of  years — that 
it  mav  be  expected  to  be  possible  to  detect  them. 

The  abundant  deposit  of  peroxide  of  manganese  over  the  floor  of 
the  deep  sea  is  one  of  the  most  singular  features  of  recent  discovery. 
It  occurs  as  an  earthy  incrustation  round  bits  of  pumice,  bones^  and 
other  objects  (Fig.  167).     The  nodules  possess  a  concentric  arrange- 


«'4^v^ 


Fio.  167.— Manoankbe  Nodules.    Floob  of  the  Nobth  PAcma    Two-THnm 

NATURAL  SIZE.* 

A,  Nodale  from  2900  fathoms  showing  external  form.    B,  Section  of  nodule  from  8740 
fSaithoms  showing  internal  concentric  deposit  round  a  fragment  of  pumice. 

ment  of  lines  not  unlike  those  of  urinary  calculi.  That  they  are 
formed  on  the  spot,  and  not  drifted  from  a  distance,  was  made  abun- 
dantly clear  from  their  containing  abysmal  organisms,  and  enclosing 
more  or  less  of  the  surrounding  bottom,  whatever  its  nature  wight 
happen  to  be.  Quite  recently  Mr.  J.  Y.  Buchanan  has  dredged  similar 
small  manganese  concretions  from  some  of  the  deei)er  parts  of  Loch 

*  From  the  Reports  of  the  *'  Challenger  "  Expedition.  The  detailed  infest ig»ti<'i>  ^ 
Messrs.  Murray  and  Renard  of  tlie  deep-sea  deposits  obtained  bv  this  expedition  will 
furin  one  of  the  most  important  contributions  yet  made  to  our  koowledge  of  ine  oheDts«i7 
of  the  oceanic  abysses. 
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Fyne.^  The  fonnation  of  such  concretions  may  be  analogous  to  the 
solution  and  deposition  of  oxides  of  iron  and  manganese  oy  organic 
acids,  as  on  lake  floors,  bogs,  &c.  (p.  463).  In  connection  with  the 
chemical  reactions  indicate  by  these  nodules  as  taking  place  on  the 
sea-bottom,  reference  may  be  made  to  a  still  more  remarkable  dis- 
covery made  by  Mr.  Murray  in  the  course  of  his  examinations  of 
the  materials  brought  up  from  the  same  abysmal  deposits.  He  has 
detected  abundant  minute  concretions  or  bundles  of  crystals  which 
cm  analysis  by  M.  Benard  have  been  identified  with  the  zeolite 
known  as  phillipsite.  These  crystals  have  certainly  been  formed 
directly  on  the  sea-bottom,  for  ihej  are  found  gathered  round  abysmal 
organisms.  The  importance  of  this  fact  in  reference  to  the  chemistry 
of  marine  deposits  is  at  once  obvious. 

From  a  comparison  of  the  results  of  the  dredgings  made  in  recent 
years  in  all  parts  of  the  oceans,  it  is  impossible  to  resist  the  con- 
clusion that  there  is  nothing  in  the  character  of  the  deep-sea  deposits 
which  finds  a  parallel  among  the  marine  geological  formations  visible 
to  ns  on  land.  It  is  only  among  the  comparatively  shallow  water 
accumulations  of  the  existing  sea  that  we  encounter  analogies  to  the 
older  formations.  And  thus  we  reach  by  another  and  a  new  approach 
the  conclusion  which  on  very  different  grounds  has  been  arrived  at, 
viz.,  that  the  present  continental  ridges  have  existed  from  the 
remotest  times,  and  that  the  marine  strata  which  constitute  so 
lai^e  a  portion  of  their  mass  have  been  ar'cnmulated  not  as  deep 
water  formations,  but  in  comparatively  shallow  water  along  their 
flanks.' 


§  7.  Denudation  and  Deposition. — The   results  of  the 
acti'on  of  Air  and  Water  upon  Land.^ 

It  majr  be  of  advantage,  before  passing  from  the  subject  of 
the  geological  work  of  water,  to  consider  the  oroad  results  achieved 
by  the  co-operation  of  all  the  forces  by  which  the  surface  of  the  land 
is  worn  down.  These  results  naturally  group  themselves  under  the 
two  heads  of  Denudation  and  Deposition. 

1.  Svhaerial  DenudcUian — the  general  lowering  of  land. 

The  true  measure  of  denudation  is  to  be  sought  in  the  amount  of 
mineral  matter  removed  from  the  surface  of  the  land  and  carried 
into  the  sea.  This  is  an  appreciable  and  measurable  quantity. 
There  may  be  room  for  discussion  as  to  the  way  in  which  the  waste 
is  to  be  apportioned  to  the  different  forces  that  have  produced  it, 
bat  the  total  amount  of  sea-borne  detritus  must  be  accepted  as  a  fact 

>  ^oliirv.  x?iiL  (1878X  p.  62S. 

*  troe.  Boy.  Oeograph.  8oe.  July,  1879. 

*  Thfi  teotion  (■  mainly  taken  from  an  essay  by  the  author,  TVam,  OecL  Soe. 
Giatgaw,  ill.  p.  153. 
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about  which,  when  properly  yerified^no  further  question  can  possibl  j 
arise.  In  this  manner  the  subject  is  at  once  disencumbered  oi 
difficulty  in  fixing  the  relative  importance  of  rain,  rivers,  froe^, 
glaciers,  &c.,  considered  as  denuding  agents.  We  have  simply  to 
deal  with  the  sum-total  of  results  achieved  by  all  tbeee  forces 
acting  severally  and  conjointly.  Thus  considered,  this  subject  cast& 
a  new  lieht  on  the  origin  of  existing  land-surfaces,  and  affords 
some  fresh  data  for  approximating  to  a  measure  of  past  geolog^o&l 
time. 

Of  the  mineral  substances  received  by  the  sea  from  the  land, 
vastly  the  larger  portion  is  brought  down  by  streams ;  a  relatively 
small  amount  is  washed  off  by  the  waves  of  the  sea  itself.    It  is  the 
former,  or  stream-borne  part,  which  is  at  present  to  be  considered. 
The  quantity  of  mineral  matter  carried  every  year  into  the  ocean  by 
the  rivers  of  a  continent  represents  the  amount  bv  which  the  genersu 
bnrface  of  that  continent  is  annually   lowered.     Much  has  been 
written  of  the  vastness  of  the  yearly  tribute  of  silt  borne  to  the 
ocean  by  such  streams  as  the  Ganges  and  Mississippi;  but  ''the 
mere  consideration  of  the  number  of  cubic  feet  of  detritus  annually 
removed  from  any  tract  of  land  b^  its  rivers  does  not  produce  so 
striking  an  impression  upon  the  mind  as  the  statement  of  how  mnch 
the  mean  surface-level  of  the  district  in  question  would  be  reduced 
by  such  a  removal.''^    This  method  of  inquiry  is  so  obvious  and 
instructive  that  it  probably  received  attention  from  early  geologists, 
though  data  were  still  wanting  for  its  proper  application.    Playfair, 
for  instance,  in  speaking  of  tne  transference  of  material  from  tlie 
surface  of  the  land  to  the  bottom  of  the  sea,  remarks  that  '*  the 
time  requisite  for  taking  away  by  waste  and  erosion  two  feet  from 
the  surface  of  all  our  continents  and  depositing  it  at  the  bottom  of 
the  sea,  cannot  be  reckoned  less  than  two  hundred  years.***    This 
estimate  does  not  appear  to  have  been  based  on  any  actual  measure- 
ments, and  must  greatly  exceed  the  truth  ;  but  it  serves  to  indicate, 
how  broad  was  the  view  that  Playfair  held  of  the  theory  which  he 
undertook  to  illustrate.    The  first  geologist  who  appears  to  have 
attempted   to  form  any   estimate  on  this  subject    from  actually 
ascertained   data,   was  Mr.   Alfred  Tylor,  who,  in  the  year  1850, 
published  a  paper  in  which  he  estimated  the  probable  amount  of 
solid  matter  annually  brought  into  the  ocean  by  rivers  and  other 
agents.    He  inferred  that  the  quantity  of  detritus  now  dbtributed 
over  the  sea  bottom  every  year  would,  at  the  end  of  10,000  years, 
cause  an  elevation  of  the  ocean-level  to  the  extent  of  at  least  three 
inches.'    The  subject  was  afterwards  taken  up  by  Dr.  CroU,  who 

>  Tylor,  Phn.  Mag.  4th  series,  t.  p.  268. 1850. 

*  **  IlluBtratioiia,"  p.  424.  Bianfreidi  had  preTioniW  made  a  oaloolation  of  UmunniiiI 
of  rain  that  falla  over  the  globe,  and  of  the  quantity  of  earthy  matter  earned  into  the  ira 
by  ritera.  He  estimated  that  this  earthy  matter  diatriboted  over  the  bp*  M  most 
ndae  the  level  of  the  latter  five  Inohes  in  348  years.  Von  Hoii;  **  Veriodenagiii  der 
Erdoberfliiohe,'*  Band  i.  p.  282.    See  the  other  autuorities  there  cited. 

*  PhU,  Mag,  loe,  eO. 
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specially  drew  attention  to  the  Mississippi  as  a  measure  of  denudation 
and  thereby  of  geological  time.^ 

When  the  annual  discharge  of  mineral  matter  carried  seaward  by 
a  river  and  the  area  of  country  drained  by  that  river  are  both  known, 
the  one  sum  divided  by  the  other  ^ives  the  amount  by  which  the 
drainage  area  has  its  mean  general  level  reduced  in  one  year.  For 
it  is  clear  that  if  a  river  carries  so  many  millions  of  cubic  feet  of 
sediment  every  year  into  the  sea,  the  area  drained  by  it  must  have 
lost  that  quantity  of  solid  material,  and  if  we  could  restore  the 
sediment  so  as  to  spread  it  over  the  basin,  the  layer  so  laid  down 
would  represent  the  fraction  of  a  foot  by  which  the  surface  of  the 
basin  had  been  lowered  during  a  year. 

It  has  been  already  shown  that  the  material  removed  fit)m  the 
land  by  streams  is  twofold — one  portion  is  chemically  dissolved,  the 
other  18  mechanically  suspended  in  the  water  or  pushed  along  the 
bottom.  Properly  to  estimate  the  loss  sustained  by  the  surface 
of  a  drainage  basin,  we  ought  to  know  the  amount  of  mineral 
matter  removed  in  each  of  these  conditions,  and  also  the  volume  of 
water  discharged,  from  measurements  and  estimates  made  at  different 
seasons  and  extending  over  a  succession  of  years.  These  data  have 
not  yet  been  fully  collected  from  any  river,  though  some  of  them 
have  been  ascertained  with  approximate  accuracy,  as  in  the  Mississippi 
Survey  of  Messrs.  Humphreys  and  Abbot,  and  the  Danube  Survey  of 
the  International  Commission.  As  a  rule,  more  attention  has  been 
shown  to  the  amount  of  mechanically  suspended  matter  than  to  that 
of  the  other  ingredients.  For  the  present,  therefore,  we  may  confine 
ourselves  to  this  part  of  the  earthy  substances  removed  from  the 
hmd  by  running  water.  It  will  be  oorne  in  mind,  however,  that  the 
following  estimates,  iu  so  far  as  they  are  based  upon  only  one  portion 
of  the  waste  of  the  land,  are  under-statements  of  the  truth. 

The  proportion  of  mineral  substances  held  in  suspension  in  the 
water  of  rivers  has  been  already  (p.  370)  discussed.  It  was  pointed 
out  that  it  is  most  advantageous  to  determine  the  amount  of  mineral 
natter  by  weight,  and  then  from  its  average  specific  gravity  to 
estimate  its  bulk  as  an  ingredient  in  river  water.  The  proportion  by 
weight  is  probably,  on  an  average,  about  half  that  by  bulk. 

It  may  seem  superfluous  to  insist  that  the  earthy  matter  borne 
into  the  sea  from  any  given  area  represents  so  much  actual  loss  from 
the  surface  of  that  area.  Yet  this  self-evident  statement  is  probably 
iM)t  realized  by  many  geologists  to  the  extent  which  it  deserves. 
If  a  stream  removes  in  one  year  one  million  of  cubic  yards  of  earth 
from  its  drainage  basin,  that  basin  must  have  lost  one  million  of 
cubic  yards  from  its  surface.  From  the  data  and  authorities  which  * 
have  already  been  adduced  (pp.  370, 371)»  the  subjoined  tal)le  has  been 
constructed,  in  which  are  given  the  results  of  the  measurement  of 
the  proportion  of  sediment  in  a  few  rivers.    The  last  column  shows 

*  FhO,  Mag.  for  Febraaiy  1S67,  and  Kay  1S68.  See  alto  his  *'  Climate  and  Time." 
Oeikte,  OtoL  Mag.  June  18eS;  Tran$,  QeoL  8oe.  Qla$gow^  Ui  p.  IftS. 
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the  fraction  of  a  foot  of  rock  (reckoning  the  specific  gravity  of  tAm* 
silt  at  1*9  and  that  of  rock  at  2*5)  which  each  river  most  remove 
from  the  general  surraoe  of  its  drainage  basin  in  one  year. 


Name  of  River. 

Area  of  basin  In 
•qnare  miles. 

Annval  diacharse  of 
lediment  in  cubic  feet. 

Practlooofftwtof 

rock  bj  which  the 

ana  of  drainage  ie 

lowered  In  one  year. 

HisBi^ippi      .      . 
Gangea  (Upper)  . 
Hoang  Ho      .     . 
Rhone.      .     .     . 
Danube     .     .     . 
Po 

1,147,000 

143.000 

700.000 

25,000 

234.000 

80,000 

7,459,267.200 
6,368.077,440 
17.520,000,000(?) 
600,381,800 
1.253.738,600 
1,510,137,000 

^ 

At  the  present  rate  of  erosioOy  the  rivers  named  in  this  table 
remove  one  foot  of  rock  from  the  general  surface  of  their  basios 
in  the  following  ratio : — The  Mississippi  removes  one  foot  in  6000 
years;  the  Ganges  above  Ghazipdr  does  the  same  -in  823  years;  ^ 
the  Hoang  Ho  in  1464  ^ears ;  the  Bhone  in  1528  years ;  the  Danabe 
in  6846  years ;  the  Po  m  729  years.     If  these  rates  should  contiuae, 
the  Mississippi  basin  will  be  lowered  10  feet  in  60,000  years,  lOO 
feet  in  600,000  years,  1000  feet  in  6,000,000.    Assuming  Hamboldt's 
estimate  of  the  mean  height  of  the  North  American  coutiaent,  74S 
feet,'  we  fiad  that  at  the  Mississippi's  rate  of  denudation,  this  con- 
tinent would  be  worn  away  in  about  four  and  a  half  million  yearn. 
The  Ganges  works  still  more  rapidly.    It  removes  one  foot  of  rock 
in  823  years,  and  if  Humboldt's  estimate  of  the  average  height  of 
the  Asiatic  continent  be  accepted,  viz.,  1132  English  feet,  that  mass 
of  land,  worn  down  at  the  rate  at  which  the  Ganges  destroys  it, 
would  be  reduced  to  the  sea-level  in  little  more  than  930,000  years. 
Still  more  remarkable  is  the  extent  to  which  the  Biver  Po  denudes 
its  area  of  drainage.      Even  though  measurements  had  not  been 
made  of  the  ratio  of  sediment  contained  in  its  water,  we  should  be 
prepared  to  find  that  proportion  a  remarkably  large  one  if  we  look 
at  the  enormous  clianges  which,  within  historic  times,  have  been 
made  by  the  alluvial  accumulations  of  this  river  ({>.  890).    If  the 
Fo  removes  one  foot  of  rock  from  its  drainage  basiu  in  729  years,  it 
will   lower  that  basin  10  feet  in  7290  years,  100  feet  in  72,900 
years.    If  the  whole  of  Europe  ^taken  at  a  mean  height  of  671  feet) 
were  denuded  at  the  same  rate,  it  would  be  levelled  in  rather  lees 
than  half  a  million  of  years. 

It  is  not  pretended  that  these  results  are  strictly  accurate.    On 

*  Id  my  oriftioal  paper  the  area  of  dr^'inage  of  the  Gangef  was  gi?«D  m  432,480 
square  miles.  But  tne  area  from  which  the  annual  discharge  of  silt  was  then;  git«  n 
was  only  that  part  of  the  Oangetio  hasin  iihote  Ghazipikr,  whidi  Dr.  Uaoghlmi  esUmsles 
at  143,000  squ  ire  milej  (Proe.  Roy.  DMin  8oe.  1879,  No.  xxsix.>  Hene\  as  be  hss 
pointed  out,  tlic  rate  of  erosion  is  reslly  much  greater  than  I  had  made  it  I  haft 
reoalcnIattKl  the  rate  from  the  alteitd  data,  and  the  result  is  as  giftn  above. 

*  AnU,  p.  aj. 
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the  other  hand  they  are  not  mere  guesses.  The  amount  of  water 
flowing  into  the  sea,  and  the  annual  discharge  of  sediment^  have 
l)e6n  in  each  case  measured  with  greater  or  less  precision.  The  areas 
of  drainage  may  perhaps  require  to  be  increased  or  lessened  But 
thoogh  some  change  may  be  made  upon  the  ultimate  results  just 

{pven,  ft  is  hardly  possible  to  consider  tnem  attentively  without  being 
breed  to  ask  whether  those  enormous  periods  which  geologists  have 
been  in  the  habit  of  demanding  for  the  accomplishment  of  geological 
phenomena^  and  more  especially  for  the  very  phenomena  of  denuda- 
tion, are  not  in  reality  far  too  yast.  If  the  Mississippi  is  carrying  on 
the  process  of  denudation  so  rapidly  that  at  the  same  rate  the  whole 
of  ^orth  America  might  be  levelled  in  four  and  a  half  millions  of 
years,  surely  it  is  most  unphilosophical  to  demand  unlimited  ages 
for  similar  but  often  much  less  eztensive  denudations  in  the  geo- 
logical past.  Moreover,  that  rate  of  erosion  appears  on  the  whole 
to  be  rather  below  the  average  in  point  of  rapidity.  The  Po,  for 
instance,  works  more  than  eight  times  as  fast.  But  as  the  physics 
of  the  Mississippi  have  been  more  carefully  studied  than  those  of 
perhaps  any  other  river,  and  as  that  river  drains  so  extensive  a 
r^on,  embracing  so  many  varieties  of  climate,  rook  and  soil,  we  shall 
probably  not  exaggerate  the  result  if  we  assume  the  Mississippi  ratios 
as  an  average.  It  is  of  course  obvious  that  as  the  level  of  tne  land 
is  lowered  the  rate  of  subaerial  denudation  decreases,  so  that  on  the 
supposition  that  no  subterranean  movements  took  place  to  aid  or 
retard  the  denudation,  the  last  stages  in  the  demolition  of  a  continent 
must  be  enormously  slower  than  during  earlier  periods. 

There  is  another  point  of  view  from  which  a  geologist  may 
advantageously  contemplate  the  active  denudation  of  a  country. 
He  may  estimate  the  annual  rainfall  and  the  proportion  of  water 
which  returns  to  the  sea.  If  he  can  obtain  a  prooable  average  ratio 
for  the  earthy  substances  contained  in  the  river  water  which  enters 
the  sea,  be  will  be  able  to  estimate  the  mean  amount  of  loss  sustained 
by  the  whole  country.  Thus,  taking  the  average  rainfall  of  the 
&jtish  Islands  at  86  inches  annually,  and  the  superficial  area  over 
which  this  rain  is  discharged  at  120,000  square  miles,  then  it  will  be 
foand  that  the  total  quantity  of  rain  received  in  one  year  by  the 
British  Isles  is  equal  to  about  68  cubic  miles  of  water.  If  the 
proportion  of  rainiiall  returned  to  the  sea  by  streams  be  taken  at  a 
thin),  there  are  23  cubic  miles ;  if  at  a  fourth,  there  are  17  cubic 
miles  of  fresh  water  sent  off  the  surface  of  the  British  Islands  into 
the  sea  in  one  year.  Assuming,  in  the  next  place,  that  the  average 
ratio  of  mechanical  impurities  is  only  jj^  by  volume  of  the  water, 
the  proportion  of  the  rainfall  returned  to  tne  sea  being  i,  then  it 
will  follow  that  g^\^  of  a  foot  of  rock  is  removed  from  the  general 
surface  of  Britain  everjr  year.  One  foot  will  be  planed  away  in  8800 
years.  If  the  mean  height  of  the  British  Islands  be  taken  at  650 
feet,  then,  if  the  ratio  now  assumed  were  to  continue,  these  islands 
might  be  levelled  in  about  five  and  a  half  millions  of  years.    Much 
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more  detailed  obseryation  is  needed  before  any  estimate  of  thi 
kind  can  be  based  upon  accurate  and  reliable  data.  But  it  illustrates 
a  method  of  yividly  bringing  before  the  mind  the  reality  and  extent 
of  the  denudation  now  in  progress. 

2.  Svbaerial  denudation — the  unequal  erosion  of  land. 

It  is  obvious  that  the  earthy  matter  annually  remoTed  from 
the  surface  of  the  land  does  not  come  equally  from  the  whole 
surface.  The  determination  of  its  total  quantity  fnmisheB  no 
aid  in  apportioning  the  loss,  or  in  ascertaining  how  much  each  part 
of  the  surface  has  contributed  to  the  total  amount  of  sediment. 
On  plains,  watersheds,  and  more  or  less  level  ground,  the  pro^ 

Eortion  of  loss  may  be  small,  while  on  slopes  and  in  Talleys  it  may 
e  great,  and  it  may  not  be  easy  to  fix  the  true  ratios  in  these  cases.    ; 
But  it  must  be  borne  in  mind  that  estimates  and  measurements  of  the 
sum-total  of  denudation  are  not  thereby  afifected.    If  we  allow  too    i 
little  for  the  loss  from  the  surface  of  the  tablelands,  we  increase  the 
proportion  of  the  loss  sustained  by  the  sides  and  bottoms  of  the  Talleys, 
dJii  vice  ver9&. 

While  these  proportions  vary  indefinitely  with  the  form  of  the 
surface,  rainfall,  &o.,  the  balance  of  loss  must  always  be,  on  the  wholes 
on  the  side  of  the  sloping  surfaces.    In  order  to  snow  the  full  import 
of  this  part  of  the  subject,  certain  ratios  may  here  be  assumed  which 
are  probably  understatements  rather  than  exa^^rationa     Let  us 
take  the  proportion  between  the  extent  of  the  pmins  and  tablelands 
of  a  country,  and  the  area  of  its  valleys,  to  be  as  nine  to  one ;  in  other 
words,  that  of  the  whole  surface  of  the  country,  nine-tenths  consists 
of  broad  undulating  plains,  or  other  comparatively  level  ground,  and 
one-tenth  of  steeper  slopea    Let  it  be  further  assumed  that  the 
erosion  of  the  surface  is  nine  times  greater  over  the  latter  than  over 
the  former  area,  so  that  while  the  more  level  parts  of  the  countnr 
have  been  lowered  one  foot,  the  valleys  have  \oSt  nine  feet.    If^  f<M- 
lowinff  the  measurements  and  calculations  already  given,  we  admit 
that  uie  mean  annual  quantity  of  detritus  carried  to  the  sea  may, 
with  some  probability,  be  regarded  as  equal  to  the  yearly  loss  of  rvVr 
of  a  foot  of  rock  from  the  general  surface  of  the  country,  then,  appor- 
tioning this  loss  over  the  surface  in  the  ratio  just  given,  we  find  thai 
it  amounts  to  ^  of  a  foot  from  the  more  level  grounds  in  6000  years, 
and  5  feet  from  the  valleys  in  the  same  space  of  time.    Now,  if  |  of 
a  foot  be  removed  from  the  level  erounos  in  6000  years,  1  foot  will 
be  removed  in  10,800  years ;   and  if  5  feet  be  worn  out  of  the 
vallevs  in  6000  years,  1  foot  will  be  worn  out  in  1200  years.    This  is 
equal  to  a  loss  of  only  -,y  of  an  inch  from  the  tableland  in  75  years, 
while  the  same  amoimt  is  excavated  from  the  valleys  in  8^  yoars* 

It  may  seem  at  first  sight  that  such  a  loss  as  only  a  sinde  Un^ 
from  the  surface  of  the  open  country  during  niore  than  the  iips^  ^^ 
a  long  human  life  is  almost  too  trifilng  to  be  taken  into  aooount^  as 


Digitized  by 


Google 


Part  H.  Sect.  ii.  §  7.]    MAEINE  DENUDATION.  447 

it  is  certainly  too  small  to  be  generally  appreciable.  In  the  same  way, 
if  we  are  told  tliat  the  constant  wear  and  tear  which  is  going  on  before 
our  eyes  in  valleys  and  watercourses,  does  not  effect  more  than  the 
removal  of  one  line  of  rock  in  eight  and  a  half  years,  we  may  naturally 
enoogh  regard  such  a  statement  as  probablv  an  underestimate.  But 
if  we  on]y  permit  the  multiplying  power  of  time  to  come  into  play, 
the  full  force  of  these  seemingly  insignificant  quantities  is  soon  maae 
apparent.  For  we  find  by  a  simple  piece  of  arithmetic,  that  at  the 
rate  of  denudation  which  has  been  just  postulated  as  probably  a  fair 
average,  a  valley  1000  feet  deep  may  be  excavated  m  1,200,000,  a 
period  which,  in  the  eyes  of  most  geologists,  will  seem  short  indeed. 

Objection  may  be  taken  to  the  ratios  from  which  this  average  rate 
of  denudation  is  computed.  Without  attempting  to  decide  what  this 
average  rate  actually  is — a  question  which  must  be  determined  for 
each  region  upon  much  fuller  data  than  are  at  present  available — the 
geologist  will  find  advantage  in  considering,  from  the  point  of  view 
now  indicated,  what,  according  to  the  most  probable  estimates,  is 
actually  in  progress  around  him.  Let  him  assume  any  other  appor- 
tioning of  the  total  amount  of  denudation,  he  does  not  thereby  lessen 
the  measurement  of  that  amount,  which  can  be  and  has  been  ascer- 
tained in  the  annual  discharge  of  rivers.  A  certain  determined 
quantity  of  rock  is  annually  worn  off  the  surface  of  the  land.  If,  as 
already  remarked,  we  represent  too  large  a  proportion  to  be  derived 
from  the  valleys  and  watercourses  we  diminish  the  loss  from  the 
open  country ;  or,  if  we  make  the  contingent  derived  from  the  latter 
too  great  we  lessen  that  from  the  former.  Under  any  ascertained  or 
assumed  proportion  the  facts  remain,  that  the  land  loses  a  certain 
ascertainable  fraction  of  a  foot  from  its  general  surface  per  annum, 
and  that  the  loss  from  the  valleys  and  watercourses  is  larger  than 
that  fraction,  while  the  loss  from  the  level  grounds  is  less. 

3.  Marine  denudation — its  comparative  rate. 

From  the  destructive  effects  of  occasional  storms  an  exaggerated 
estimate  has  been  formed  of  the  relative  potency  of  marine  erosion. 
That  the  amount  of  waste  b^  the  sea  must  be  inconceivably  less  than 
that  effected  by  the  subaerial  agents  will  be  evident  if  we  consider 
how  small  is  the  extent  of  surface  exposed  to  the  power  of  the  waves 
when  contrasted  with  that  which  is  under  the  influence  of  atmospheric 
waste.  In  the  general  degradation  of  the  land  this  is  an  advantage 
in  favour  of  the  subaerial  agents,  which  would  not  be  counterbalaneed 
unless  the  rate  of  waste  by  the  sea  were  many  thousands  or  millions 
of  times  greater  than  that  of  rains,  frosts,  and  streams.  But  in 
reality  no  such  compensation  exists.  In  order  to  see  this,  it  is  only 
necessary  to  place  side  by  side  measurements  of  the  amount  of  work 
actually  performed  by  tne  two  classes  of  agents.  Let  us  suppof^e, 
for  instance,  that  the  sea  eats  away  a  continent  at  the  rate  of  ten  feet 
in  a  century — an  estimate  which  probably  attributes  to  the  waves  a 
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mach  higher  rate  of  erosion  than  can,  as  the  average,  be  claimed  for 
them.^  Then  a  slice  of  aboat  a  mile  in  breadth  will  require  about 
52,800  years  for  its  demolition,  ten  miles  will  be  eaten  away  in 
528,000  years,  one  hundred  miles  in  5,280,000  years.  Now  we  have 
alr^y  seen  that,  on  a  moderate  computation,  the  land  loses  abont 
a  foot  from  its  general  surface  in  6000  yeioB,  and  that  by  the 
continuance  of  this  rate  of  subaerial  denudation,  the  continent  of 
Europe  might  be  worn  away  nn  about  4,000,000  years.  Hence,  be- 
fore the  sea,  advancing  at  the  rate  of  ten  feet  in  a  century,  conld 
pfu*e  off  more  than  a  mere  marginal  strip  of  land,  between  70  and  80 
miles  in  breadth,  the  whole  land  might  be  washed  into  the  ocean  by 
atmospheric  denudation. 

Some  such  results  as  these  would  necessarily  be  produced  if  no 
disturbance  took  place  in  the  relative  levels  of  sea  and  land.  But  in 
estimating  the  amount  of  influence  to  be  attributed  to  each  of  the 
denuding  agents  in  past  times,  we  require  to  take  into  account  the 
complicated  effects  which  would  arise  from  the  upheaval  or  depression 
of  the  earth's  crust.  If  frequent  risings  of  the  land  or  elevations  of 
the  sea-floor  into  land  had  not  taken  place  in  the  geological  past, 
there  could  have  been  no  great  thickness  of  stratified  rocks  formed, 
for  the  first  continents  must  soon  have  been  washed  away.  But  the 
great  depth  of  the  stratified  part  of  the  earth's  crust  and  the  abundant 
breaks  and  unconformabilities  among  these  sedimentary  masses,  show 
how  constantly  on  the  one  hand  the  waste  of  the  land  was  compensated 
by  the  result  of  elevatory  movements,  while  on  the  other,  the  con- 
tinued upward  growth  of  vast  masses  of  sedimentary  deposits  was 
rendered  possible  by  prolonged  depression  of  the  sea-bed. 

When  a  mass  of  land  is  raised  to  a  higher  level  above  the  sea,  a 
larger  surface  is  exposed  to  denudation.  As  a  rule  a  greater  rain- 
fall is  the  result,  and  consequently  also  a  more  active  waste  of  the 
surface  by  subaerial  agents.  It  is  true  that  a  greater  extent  of  coast 
line  is  exposed  to  the  action  of  the  waves,  but  a  little  reflection  will 
show  that  this  increase  will  not,  on  the  whole,  bring  with  it  a  pro- 
portionate increase  in  the  amount  of  marine  denudation.  For  as  the 
land  rises  the  cliffs  are  removed  from  the  reach  of  the  breakers,  and 
a  more  sloping  beach  is  produced  on  which  the  sea  cannot  act  with 
the  same  potency  as  when  it  beats  against  a  cliff-line.  Moreover,  as 
the  sea-floor  approaches  nearer  to  the  surface  of  the  water  it  is  the 
former  detritus  washed  off  the  land  and  deposited  under  the  sea* 
which  first  comes  within  the  reach  of  the  currents  and  waves.  This 
serves,  in  some  measure,  as  a  protection  to  the  solid  rock  below,  and 
must  be  cut  away  by  the  ocean  before  that  rock  can  be  exposed  anew. 
While,  therefore,  elevatory  movements  tend  on  the  whole  to  accelerate 
the  action  of  subaerial  denudation,  they  in  some  degree  check  the 

*  It  ma  J  be  objeoied  that  this  rate  is  far  below  that  of  parts  of  the  eaei  ^^^.^ 
England,  where  the  land  aometimes  loaea  three  or  four  yards  in  one  year.  Bat  on  tM 
other  hand,  along  the  rooky  western  coast,  the  loss  is  ptrhaps  not  so  much  as  od^  '^ 
n  a  century. 
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natural  and  ordinary  influence  of  the  sea  in  wctsting  the  land. 
Again,  the  inflnence  of  movements  of  depression  will  probably  be 
found  to  tend  in  an  opposite  direction.  The  lowering  of  the  general 
level  of  the  land  will,  as  a  rule,  help  to  lessen  the  rainfall,  and  con- 
sequently the  rate  of  snbaerial  denuaation.  At  the  same  time  it  will 
aid  the  action  of  the  waves  by  removing  under  their  level  the  detritus 
produced  by  them  and  heaped  up  on  the  beach,  and  by  thus  bringing 
constantly  within  reach  of  the  sea  fr^h  portions  of  the  land-surmce. 
But  even  with  these  advantages  in  favour  of  marine  denudation,  the 
balance  of  power  will  probably,  on  the  whole,  remain  always  on  the 
side  of  the  snbaerial  agents. 

4.  Marine  Denudation — its  final  result. 

The  general  result  of  the  erosive  action  of  the  sea  on  the  land 
is  the  production  of  a  submarine  plain.  As  the  sea  advances  the 
sites  of  successive  lines  of  beach  pass  under  low-water  mark.  Where 
erosion  is  in  full  operation  the  littoral  belt,  as  far  down  as  wave- 
action  has  influence,  is  ^und  down  by  moving  detritus  (Fig.  162). 
This  result  may  often  be  instructively  observed,  on  a  small  scale, 
upon  rocky  shores  where  sections  like  that  in  Fig.  165  occur.  We 
can  conceive  that  should  no  change  of  level  between  sea  and  land  take 

5 lace,  the  sea  might  slowly  eat  its  way  far  into  the  land,  and  pro- 
uce  a  gently  sloping  yet  apparently  almost  horizontal  selvage  of  plain 


FlO.  168.— BOOKB  GBOUND  DOWH  TO  A  PtAIN  ON  THB  BeAOH  BT  WAVIB-ACfnOH. 

covered  permanently  by  the  waves.  In  such  a  submarine  plain  the 
inflnence  of  geological  structure,  and  notably  of  the  relative  powers 
of  resistance  of  difierent  rocks,  would  make  itself  conspicuous,  as 
may  be  seen  even  on  a  small  scale  on  any  rocky  beach  (Fig.  168). 
The  present  promontories  caused  by  the  superior  hardness  of  their 
component  rocks  would  no  doubt  be  represented  by  ridges  on  the 
subaqueous  plateau,  while  the  ex'isting  bays  and  creeks  worn  out  of 
softer  rocks  would  be  marked  by  lines  of  valleys  or  hollows.* 

This  tendency  to  the  formation  of  a  submarine  plain  along  the 
margin  of  the  land  deserves  special  attention  by  the  student  of 
denudation.  The  angle  at  which  a  mass  of  land  descends  to  the 
sea^level  serves  roughly  to  indicate  the  depth  of  water  near  shore. 
A  precipitous  coast  commonly  rises  out  of  deep  water;  a  low  coast 
is  usual^  skirted  with  shallow  water,  the  line  of  slope  above  sea-level 

*  Mr.  Wbitaker,  in  the  exoellent  puper  on  sobaerial  denndation  cited  on  p.  438, 
baa  pointed  out  the  different  reenlts  which  are  obtained  by  the  enbaerial  foroea  from 
thoaa  of  acft-adion  in  the  prednotion  of  Unea  of  difll 
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being  in  a  general  way  prolonged  below  it.  The  belt  of  beach 
forms  a  kind  of  terrace  or  notch  along  the  maritime  slope.  Some- 
times, where  the  coast-line  is  precipitous,  this  terrace  is  nearly  or 
wholly  wanting.  In  other  places  it  runs  out  a  good  way  beyond  low- 
water  mark.     On  a  great  scale  the  floor  of  the  North  Sea  and  that 


Fig.  169. — ^Map  of  Britibh  Submabinx  Platfobii. 

The  darker  tint  represents  sea-bottom  more  than  100  fathoms  deep,  while  tbepftler 
shading  shows  the  area  of  less  depths.  The  figures  mark  the  depth  m  fathoms.  Tlie 
narrow  channel  between  Norway  and  Denmark  is  2580  feet  deep. 

of  the  Atlantic  Ocean,  for  a  distance  of  300  miles  to  the  west  of 
Ireland,  may  be  regarded  as  a  marine  platform  that  once  formed 
part  of  the  European  continent  (Fig.  169),  and  has  been  reduced  by 
denudation  and  subsidence  to  its  present  position. 

So  far  as  the  present  rigime  of  nature  has  been  explored,  it 
would  seem  to  be  inevitable  that,  unless  where  subterranean 
movements  interfere,  or  where  volcanic  rocks  are  poured  forth  at 


Digitized  by 


Google 


Part  IL  Sect.  ii.  §  7.]  DENUDATION  AND  DEPOSITION.  451 

the  snrface,  a  submarine  plain  should  be  formed  along  the  margin  of 
the  land.  This  final  result  of  denudation  has  been  achieved  again 
and  again  in  the  geological  past,  as  is  shown  by  the  existence  of 
tablelands  of  erosion  (cmte^  p.  40).  To  these  tablelands  the  name  of 
'*  plains  of  marine  denudation  '*  has  been  applied  by  A.  C.  Bamsay. 
From  what  has  now  been  said,  however,  it  will  be  seen  that  in  their 
actual  production  the  sea  has  really  had  less  to  do  than  the  meteoric 
agents.  A  "  nlain  of  marine  denudation  "  is  that  sea-level  to  which 
a  mass  of  lana  has  been  reduced  mainly  by  the  subaerial  forces ;  the 
line  below  which  further  degradation  became  impossible,  bec^tuse 
the  land  was  thereafter  protected  by  being  covered  by  the  sea. 
Undoubtedly  the  last  touches  in  the  long  process  of  sculpturing 
were  given  by  marine  waves  and  currents,  and  the  surface  of  the  plain, 
save  where  it  has  subsided,  may  correspond  generally  with  the  lower 
limit  of  wave-action.  Nevertheless,  in  the  past  history  of  our  planet 
the  influence  of  the  ocean  has  probably  been  far  more  conservative 
than  destructive.  Beneath  the  reach  of  the  waves  the  surface  of  the 
abraded  land  has  escaped  the  demolition  which  sooner  or  later 
overtakeB  all  that  rises  above  them. 

5.  BepoBition — the  frameworJc  of  new  land. 

If  a  survey  of  the  geological  changes  in  daily  progress  upon  the 
surface  of  the  earth  leads  us  to  realise  how  momentously  the  land 
is  being  worn  down  by  the  various  epieene  agents,  it  ought  also  to 
impress  us  with  the  vast  scale  on  which  new  formations — the  founda- 
tion of  future  land — are  being  continually  accumulated.  Every 
foot  of  rock  removed  from  the  surface  of  a  country  is  represented 
by  a  corresponding  amount  of  sedimentary  material  arranged  some** 
where  beneath  the  sea.  Denudation  and  deposition  are  synchronous 
and  co-equal. 

On  land  vast  accumulations  of  detrital  formations  are  now  in 

Erogress.  Alluvial  plains  of  every  size,  from  those  of  mere 
rooks  up  to  those  of  the  largest  rivers,  are  built  up  of  gravel,  sand, 
and  mua  derived  from  the  disintegration  of  higher  ground.  From 
the  level  of  the  present  streams  successive  terraces  of  these  for- 
mations can  be  followed  up  to  heights  of  several  hundred  feet. 
Over  wide  regions  the  daily  changes  of  temperature  and  wind  supply 
a  continual  dust,  which,  in  the  course  of  centuries,  has  accumulated 
to  a  depth  of  sometimes  1500  feet,  and  covers  thousands  of  square 
miles  of  the  surface  of  the  continents.  The  numerous  lakes  that  dot 
the  surface  of  the  land  serve  as  receptacles  in  which  a  ceaseless 
deposition  of  sediment  takes  place.  Already  an  unknown  number 
of  once  existent  lakes  has  been  entirely  filled  up  with  detrital 
accumulations,  and  every  stage  towards  extinction  may  be  traced  in 
those  that  remain. 

But  extensive  though  the  terrestrial  sedimentary  deposits  may 
be,  they  can  be  regarded  merely  as  temporary  accumulations  of  the 
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detritus.  Save  where  protected  and  concealed  under  the  water  of 
lakes,  they  are  everywhere  exposed  to  a  renewal  of  the  denudation 
to  which  they  owe  their  origin.  Only  where  the  sediment  is  strewn 
over  the  sea-floor  beneath  the  limit  of  breaker-action  is  it  permitted 
to  accumulate  undisturbed.  In  these  quiet  depths  are  now  growing 
the  shales,  sandstones,  and  limestones,  which  by  future  terrestriid 
revolutions  will  be  raised  into  land,  as  those  of  older  times  have 
been.  Between  the  modem  deposits,  and  those  of  former  sea  bottoms 
which  have  been  upheaved,  tnere  is  the  closest  parallel.  Deposi- 
tion will  obviously  continue  as  long  as  denudation  lasts.  The 
secular  movements  of  the  crust  seem  to  have  been  always  sufficiently 
frequent  and  extensive  to  prevent  cessation  of  these  operations.  And 
so  we  roav  anticipate  that  it  will  be  for  many  geological  ages  yet  to 
come.  Elevation  of  land  will  repair  what  has  been  lost  by  superficial 
waste,  and  subpidence  of  sea-level  will  provide  space  for  continued 
growlii  of  sedimentary  deposits. 


Section  m. — Life. 

Among  the  agents  by  which  geological  changes  are  now,  and  in 
past  time  have  been  effected  upon  the  earth's  surface  living  organisms 
take  by  no  means  an  unimportant  place.  They  serve  as  a  vehicle  for 
continual  transferences  from  the  atmosphere  into  the  mineral  world, 
and  from  the  mineral  world  back  into  the  atmosphere.  Thus  they 
decompose  atmospheric  carbon  dioxide,  and  in  this  process  have 
gradually  removed  from  the  atmosphere  the  vast  volumes  of  this^ 
now  locked  up  within  the  earth's  crust  in  beds  of  solid  ooaL  By 
their  decomposition  organic  acids  are  produced  which  partiy  enter 
into  mineral  combinations,  and  partly  return  to  the  atmosphere  as 
carbon  dioxide.  Plants  abstract  from  the  soil  silica,  alkalies,  calcium 
phosphate  and  other  mineral  substances  which  enter  largely  into 
the  composition  of  the  hard  parts  of  animals.  On  the  death  and 
decomposition  of  animals  these  substances  are  once  more  relegated 
to  the  inorganic  world,  thence  to  enter  upon  a  new  circnktion 
through  the  tissues  of  living  organisms. 

From  a  geological  point  of  view  the  operations  of  organic  life 
mav  be  considered  under  three  aspects— aestructive,  conserratlTe, 
and  reproductive* 

§  1.  Destructive  Action. 

Plants  in  several  ways  promote  the  disintegration  of  rocks. 

1.  By  keeping  the  surlaces  of  rocks  moist,  they  provide  means 
for  the  continuous  solvent  action  of  water.  This  influence  is  par- 
ticularly observable  among  liverworts,  mosses  and  similar  moisture- 
loving  plants. 

2.  J3y  their  decay  they  supply  an  important  series  of  organic  acids 
which  exert  a  powerful  influence  upon  soils,  minerals  and  rocks.    The 
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humus,  or  organic  portion  of  yegetable  soil,  consists  of  the  remains 
of  plants  and  animals  in  all  stages  of  decay,  and  oontaios  a  complex 
series  of  organic  compounds  still  imperfectly  imderstood.  Among 
these  are  humic,  crenic  and  apocrenio  acids.  The  action  of  these 
organic  acids  is  twofold.  (1.)  From  their  tendency  to  oxidation  they 
exert  a  markedly  reducmg  influence  (ante  p.  332).  Thus  they  con- 
Tert  metallic  sulphates  into  sulphides,  as  in  the  abundant  pjrritous 
incrustations  of  coal-seams,  shell-bearing  clays,  and  even  some- 
times of  mine  timbers.  Metallic  salts  are  still  further  reduced 
to  the  state  of  native  metals.  Native  silver  occurs  among  silver 
ores  in  fossil  wood  among  the  Permian  rocks  of  Hesse.  Native 
copper  has  been  frequently  noticed  in  the  timber  props  of  mines ; 
it  was  found  hanging  in  stalactites  from  the  timbers  of  the 
Dacktown  copper  mines,  Tennessee,  when  the  mines  were  re-opened 
after  bein^  shut  up  during  the  civil  war.  Fossil  fishes  from  the 
Kupferschiefer  have  been  encrusted  with  natiye  copper,  and  fish  teeth 
have  been  obtained  from  Liguria  completely  replaced  by  this  metaL* 
(2.)  They  exert  a  remarkable  power  of  dissolving  mineral  sub- 
Btance&  This  phase  of  their  activity  has  probably  b^n  undervalued 
hj  geologists.^  Experiments  have  shown  that  many  of  the  common 
minerab  of  rocks  are  attacked  by  organic  acids.  There  is  reason  to 
believe  that  in  the  decomposition  effected  by  meteoric  waters,  and 
usually  attributed  mainly  to  the  operation  of  carbonic  acid,  the  initial 
stages  of  attack  are  due  to  the  powerful  solvent  capacities  of  the 
humus  acids.  Owing,  however,  to  the  facility  with  which  these  acids 
pass  into  higher  states  of  oxidation,  it  is  chiefly  as  carbonates  that 
the  results  of  their  action  are  carried  down  into  deeper  parts  of  the 
crust  or  brought  up  to  the  surface.  Carbonic  acid  is  no  doubt  the 
final  condition  into  which  these  unstable  organic  compounds  pass. 
Durine  their  existence,  however,  thejr  attack  not  merely  alkalies 
and  a&idine  earths,  but  even  dissolve  silica.  The  relative  proportion 
of  silica  in  river  waters  has  been  referred  to  the  greater  or  less 
abundance  of  humus  in  their  hydrographical  basins,'  the  presence  of 
a  large  percentage  of  silica  being  a  concomitant  of  a  Ifurge  proportion 
of  organic  matter.  Further  evidence  of  the  important  influence  of 
organic  acids  upon  the  solution  of  silica  is  supplied  by  many  siliceous 
deposits  (p.  463). 

Wherever  a  layer  of  humus  has  spread  over  the  surfiGMse  of  the 
land,  traces  of  its  characteristic  decompositions  may  be  found  in  the 
soils,  subsoils  and  underlying  rocks.  Next  the  surface  the  normal 
colour  of  the  subsoils  isusucJly  changed  by  oxidation  and  hydration 
into  tints  of  brown  and  yellow,  the  lower  limit  of  the  weathered 
lone  being  often  sharply  defined.  It  has  recently  been  proposed  to 
ascribe  mainly  to  the  operation  of  the  humus  acids  the  thick  layer  of 
decomposed  rook  above  (p.  338)  noticed  as  observable  so  frequently 

*  Thi«  has  reoeDtly  been  stronglT  insisted  npon  by  A.  A.  Jnlien  in  a  memoir  on 
the  GeologieAi  Aotion  of  the  Humus  Aoids.    Amer,  Anoo.  1S79,  p.  311« 
'  StmyUnnVi*"  Chemical  and  QeologioAl£Mjs,''fip.  126,150. 
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south  of  the  limits  of  the  ice  of  the  glacial  period,  and  the  inference  has 
been  drawn  that  even  where  the  surface  is  now  comparatively  barren 
the  mere  existence  of  this  thick  decomposed  layer  affords  a  pre- 
sumption that  it  once  underlay  an  abundant  vegetation,  such  as  a 
heavy  primeval  forest-growth.*  Nor  is  the  chemical  action  con- 
fined to  the  SDperficiaf  layers.  The  organic  acids  are  carried  down 
beneath  the  surface,  and  initiate  that  series  ai  alterations  which 
carbonic  acid  and  the  alkaline  carbonates  effect  among  subterranean 
rock-masses  (ante  p.  348). 

3.  Plants  insert  their  roots  or  branches  between  the  joints  of  rock 
er  penetrate  beneath  the  soil.  Two  marked  effects  are  traceable  to 
this  action.  In  the  first  place  large  slices  of  rock  may  be  wedged 
off  from  the  sides  of  wooded  hiUs  and  cliffs.  Even  among  old  ruins 
an  occasional  sapling  ash  or  elm  may  be  found  to  have  cast  its  roots 
round  a  portion  of  the  masonry  and  to  be  slowly  detaching  it  from 
the  rest  of  the  wall.  In  the  second  plac6  the  soil  and  subsoil  are 
opened  up  to  the  decomposing  influences  of  the  air  and  descending 
water.  The  distances  to  which,  under  favourable  circumstances,  roots 
may  penetrate  downward  are  much  greater  than  might  be  supposed. 
Thus  in  the  loess  of  Nebraska  the  buffalo-berry  (Shepkerdia 
argophyUa)  has  been  observed  to  send  a  root  55  feet  down  from  the 
surface,  and  in  that  of  Iowa  the  roots  of  grasses  penetrate  from 
5  to  25  feet* 

4.  By  attracting  rain,  as  thick  forests,  woods  and  mosses,  more 
particularly  on  elevated  ground,  are  believed  to  do,  plants  accelerate 
the  general  scouring  of  a  country  by  running  water.  The  indiscri- 
minate destruction  of  the  woods  in  the  Levant  has  been  assigned, 
with  much  plausibility,  as  the  main  cause  of  the  present  desiocation 
of  that  region.* 

5.  Plants  promote  the  decay  of  diseased  and  dead  plants  and 
animals,  as  when  fungi  overspread  a  damp  rotting  tree  or  the  carcase 
of  a  dead  animal. 

Animals. — ^The  destructive  influences  of  the  animal  kingdom 
likewise  show  themselves  in  several  distinct  ways. 

1.  The  surface  soil  is  moved,  and  exposed  thereby  to  attack  by 
rain,  wind,  &a  As  Darwin  showed,  the  conmion  earth-worm  is  con- 
tinually engaged  in  bringing  up  the  fine  particles  of  soil  to  the  sur- 
face. He  found  that  in  fifteen  years  a  layer  of  burnt  marl  had  been 
buried  under  3  inches  of  loam  which  he  attributed  to  this  operation.^ 
It  has  been  already  pointed  out  that  part  of  the  growth  of  soil  may 
be  due  to  wind-action  {ante  p.  321).  There  can  be  no  doubt,  how- 
ever, that  the  materials  of  vegetable  soil  are  largely  commingled  and 
fertiUzed  by  the  earth-worm,  and  in  particular  tl^t^  by  being  Drought 

>  Julien,  op.  eit.  p.  378. 

*  Augbey's  **  Physical  Geography  and  Geology  of  Nebraska,"  1880,  p.  275. 

*  See  on  this  disputed  qaestion  the  works  cited  by  RoUeeton,  Joum*  Boy,  Otog,  Soe, 
xlix.  (1879).  The  destruction  of  forests  is  also  aUegcd  to  inciease  the  number  and 
ftcTerity  of  hail-storms. 

Tram.  OeoL  Soc  y.  p.  505. 
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np  to  the  surface,  the  fine  particles  are  exposed  to  meteoric  inflaences ; 
notably  to  wind  and  rain.  Even  a  grass-covered  surface  may,  from 
this  cause,  suffer  a  slow  denudation. 

Burrowing  animals,  by  throwing  up  the  soil  and  subsoil,  expose 
these  to  be  dried  and  blown  away  by  tne  wind.  At  the  same  time 
their  subterranean  passages  serve  to  drain  off  the  superficial  water 
and  to  iniure  the  staoility  of  the  surface  of  the  ground  aoove  them.  In 
Britain  the  mole  and  rabbit  are  familiar  examples.  In  North  America 
the  prairie  dog  and  gopher  have  undermined  extensive  tracts  of 
pasture  land  m  the  west.  In  Cape  Colony  wide  areas  of  open 
country  seem  to  be  in  a  constant  state  of  eruption  from  the  burrow- 
ing operations  of  multitudes  of  Bathyergi  and  ChrysocJUoria — small 
mole-like  animals  which  bring  up  the  soil  and  bury  the  grassy 
vegetation  under  it.  The  decomposition  of  animal  remains  gives 
rise  to  some  of  the  same  chemical  changes  as  are  produced  by  that 
of  plants. 

2.  The  flow  of  streams  is  sometimes  interfered  with,  or  even 
diverted,  by  the  operations  of  animals.  Thus  the  beaver,  by  cutting 
down  trees  (sometimes  one  foot  or  more  in  diameter)  and  construct- 
ing dams  with  the  stems  and  branches,  checks  the  flow  of  water- 
courses, intercepts  floating  materials,  and  sometimes  even  diverts 
the  water  into  new  channels.  This  action  is  typically  displayed  in 
Canada  and  in  the  Rocky  Mountain  regions  of  the  United  States. 
Thousands  of  acres  in  many  valleys  have  been  converted  into  lakes, 
which,  intercepting  the  sediment  carried  down  by  the  streams,  and 
being  likewise  invaded  by  marshy  vegetation,  have  subsequently 
become  morass  and  finally  meadow-land.  The  extent  to  which,  in 
these  regions,  the  alluvial  formations  of  valleys  have  been  modified 
and  extended  by  the  operations  of  the  beaver  is  almost  iDcredible. 
The  embankments  of  the  Mississippi  are  sometimes  weakened  to  such 
an  extent  by  the  burrowings  of  tiie  cray-fish  as  to  give  way  and 


FlO.  170.— SHELL-BOBUfOS  IV  LoiBnONI. 

allow  the  river  to  inundate  the  surrounding  country.  Similar  results 
have  happened  in  Europe  from  the  subterranean  operations  of 
rats. 

8.  Some  Mollusca  (PhcJas,  Saxicava,  Teredo,  &c.,  Fig.  170)  bore 
into  stone  or  wood,  and  by  the  number  of  contiguous  perforations 
greatly  weaken  the  material.    Pieces  of  drift-wood  are  soon  riddled 
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with  long  holes  by  the  teredo;  while  wooden  piers,  and  the  bottoms 
of  wooden  ships,  are  often  rapidly  perforated.  SazicaTOOs  shells, 
by  piercing  stone  and  leaving  open  cavities  for  ram  and  sea-water  to 
fill,  promote  its  decay. 

4.  Many  animals  exercise  a  roinonsly  destmctive  influence  upon 
vegetation.  Of  the  various  insect  plagues  of  this  kind  it  will  be 
enough  to  enumerate  the  locust,  phylloxera,  and  Colorado  beetle. 
The  pasture  in  some  parts  of  the  south  of  Scotland  has  in  recent 
years  been  much  damaged  by  mice,  which  have  increased  in  numbers 
owing  to  the  indiscriminate  shooting  and  trapping  of  owls,  hawks, 
and  other  predaceous  creatures.  Grasshoppers  cause  the  destruction 
of  vegetation  in  some  parts  of  Wyoming  and  other  Western  Territories 
of  the  United  States.  The  way  in  which  animals  destroy  each 
other,  often  on  a  great  scale,  may  likewise  be  included  among  the 
geological  operations  now  under  description. 

§  2.  Conservative  Action. 

Plants. — ^The  protective  influence  of  vegetation  is  well  known. 
1.  The  formation  of  a  stratum  of  turf  protects  soil  and  rocks  from 
being  rapidly  removed  by  rain  or  wind.  Hence  the  smface  of  a 
district  so  protected  is  denuded  with  extreme  slowness  except  along 
the  lines  of  its  water-courses. 

2.  Many  plants,  even  without  forming  a  layer  of  turf,  serve  by 
their  roots  or  branches  to  protect  the  loose  sand  or  soil  on  which 
they  grow  from  being  removed  by  wind.  The  common  sand-carex 
and  other  arenaceous  plants  bind  littoral  sandndunes  and  give  them 
a  permanence  which  would  at  once  be  destroyed  were  the  sand  Ism 
bare  again  to  storms.  Li  North  America  the  sandy  tracts  of  the 
Western  Territories  are  in  many  places  protected  by  the  sage-brush 
and  grease-wood.  The  growth  ot  shrubs  and  brushwood  along  the 
course  of  a  stream  not  only  keeps  the  alluvial  banks  from  ^^"^^ 
easily  undermined  and  removed  as  would  otherwise  be  the  case,  but 
serves  to  arrest  the  sediment  in  floods,  filtering  the  water,  and  ^^^^ 
adding  to  the  height  of  the  flood  plain.  On  some  parts  of  the  west 
coast  of  France  extensive  ranges  of  sand-hills  have  been  gradually 
planted  with  pine  woods,  which,  while  preventing  the  4^^'^^J^ 
inland  march  of  the  sand,  also  yield  a  large  revenue  in  timber, 
and  have  so  influenced  the  climate  as  to  make  these  distncts  a 
resort  for  pulmonary  invalids.^  In  tropical  coimtries  the  ®^5^^t 
grows  along  the  sea-margin,  and  not  only  protects  the  land,  bu 
adds  to  its  breadth,  by  forming  and  increasmg  a  maritime  alluvw* 
belt  , 

3.  Some  marine  plants  likewise  afford  protection  to  shore  roc»» 
This  is  done  by  the  hard  incrustation  of  calcareous  nullipores;  H* 

>  De  LavCTgne,  "  Eoonomie  nirale  de  la  France  depuia  1789,"  p.  297.  -Biti*.  Seviei'' 
Oct.  1864,  article  on  Coniferoua  Trees. 
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wise  by  the  tangles  and  smaller  faci  which,  growing  abundantly 
on  the  littoral  zone,  break  the  force  of  waves,  or  diminish  the  effects 
of  ground  swelL 

4.  Forests  and  brushwood  protect  soil,  especially  on  slopes,  from 
being  washed  away  by  rain.  This  is  shown  by  the  disastrous  results 
of  the  thoughtless  destruction  of  woods.  According  to  Beclus,^  in 
the  three  centuries  from  1471  to  1776,  the  "  viffueries,"  or  provostry- 
districts  of  the  French  Alps,  lost  a  third,  a  lialf,  and  even  three- 
fourths  of  their  cultivated  ground,  and  the  population  has  diminished 
in  somewhat  similar  proportions.  From  1836  to  1866  the  depart- 
ments of  Hautes  and  Basses  Alpes  lost  25,000  inhabitants,  9r  nearly 
one-tenth  of  their  population — a  diminution  which  has  with  plausi- 
bility been  assigned  to  the  reckless  removal  of  the  pine  forests, 
whereby  the  steep  mountain  sides  have  been  washed  bare  of  their 
soil.  The  desiccation  of  the  countries  bordering  the  eastern  Mediter- 
ranean has  been  ascribed  to  a  similar  cause.' 

5.  In  mountain  districts  pine  forests  exercise  also  an  important 
conservative  function  in  preventing  the  formation  or  arrestmg  the 
progress  of  avalanches.  In  Switzerland  some  of  the  forests  which 
cross  the  lines  of  frequent  snow-fEdls  are  carefully  preserved. 

AnlmalB  do  not  exert  any  important  conservative  action  upon 
the  earth's  surfetce,  save  in  so  far  as  they  form  new  deposits,  as  will 
be  immediately  referred  to.  In  the  prairie  regions  of  Wyoming  and 
other  tracts  of  North  America,  some  interesting  minor  effects  are 
referable  to  the  herds  of  roving  animals  which  migrate  over  these 
territories.  The  trails  made  by  the  bison,  the  elk,  and  the  big-horn 
or  mountain-sheep  are  firmly  trodden  tracks  on  which  vegetation  will 
not  grow  for  many  years.  All  over  the  region  traversed  by  the  bison 
numerous  circular  patches  of  ^rass  are  to  be  seen  which  have  been 
formed  on  the  hollows  where  this  animal  has  wallowed.  Originally 
they  are  shallow  depressions  formed  in  great  numbers  where  a  herd 
of  oiflons  has  rested  for  a  time.  On  the  advent  of  the  rains  they  be- 
come pools  of  water ;  thereafter  grasses  spring  up  luxuriantly,  and  so 
bind  tne  soil  together  that  these  grassy  patches,  or  ^  bison-wallows," 
may  actually  b^me  slightly  rai^  above  the  general  level  if  the 
surrounding  ground  becomes  parched  and  degraded  by  winds.^ 

§.  3.  Beproductiye  Action. 

Plants. — Both  plants  and  animals  contribute  materials  towards 
new  geological  formations,  chiefly  by  the  aggregation  of  their  remains, 
partly  from  their  chemicsal  action.  Their  remains  are  enclosed  in 
deposits  of  sand  and  mud,  the  bulk  of  which  they  thus  help  to 

>  La  Terre,  p.  410. 

*  Beoent  attemptf  to  recloihe  the  detdcated  stone-wastes  of  Dalmatia  with  trees 
hare  Ynsen  attended  with  suooess.  See  MoisisoTios,  Jahrb,  OeoL  Beidisanii.  18SQ, 
p.  210. 

*  Gomstock  in  Captain  Jones* ''  Beoonnaisasnoe  of  K.W.  Wyoming,"  1875,  p.  175. 
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increase,  and  likewise  by  themselves  fonn  not  nnimportant  deposits. 
Of  plant  formations  the  following  illustrative  examples  may  be 
given : — 

1.  Humus,  Black  Soils,  &c — ^Long  continued  growth  and 
decay  of  vegetation  uj^n  a  land  surface,  not  only  promotes  disinte- 
gration of  the  superficial  rock,  but  produces  an  organic  residue,  the 
intermingling  of  which  with  mineral  debris  constitutes  yegetable 
soil.  Undisturbed  through  long  ages,  this  process  has,  under  mvonr- 
able  conditions,  given  rise  to  thick  accumulations  of  a  rich  dark 
loam.  Such  are  the  ^^regur,"  or  rich  black  cotton  soil  of  Lidia,  the 
**  tchemayzem,"  or  black  earth,  of  Bussia,  containing  fiom  6  to  10 
per  cent,  of  organic  matter,  and  the  deep  fertile  soil  of  the  American 
prairies  and  savannahs.  These  formations  cover  plains  many 
thousands  of  square  miles  in  extent.  The  ^'tundras  of  northern 
latitudes  are  frozen  plains  of  which  the  surfiEU^  is  covered  with  arctic 
mosses  and  other  plants.^ 

2.  Feat-mosses     and    Bogs. — In    temperate    and   arctic 
latitudes,  marshy  vegetation  accumulates  in  places  to  a  depth  ot 
sometimes  40  or  60  feet  in  what  are  termed  bo^  or  peat-mosses. 
Li  northern  Europe  and  America  these  vegetable  deposits  have  been 
Ifurgely  formed  by  mosses,  especially  species  of  sphagnum^  which, 
growing  on  hill  tops,  slopes,  and  valley  bottoms  as  a  wet  spongy 
librous  mass,  die  in  their  lower  parts  and  send  out  new  fibres  abovCi 
Among  the  Alps,  as  also  in  the  northern  parts  of  South  America, 
and  among  the  Chatham  Islands,  east  of  New  Zealand,  the  same  part 
is  played  By  various  phanerogamous  plants,  which  form  on  the  surrace 
a  thick  stratum  of  peat    A  succession  can  sometimes  be  detected 
in  the  vegetation  out  of  which  the  peat  has  been  formed.    Thns  in 
Europe  among  the  bottom  layers  traces  of  rush  (Jtmcus)^  sedge  {Irui)^ 
and  fescue-grass  {Festuca)  may  be  observed,  wnile  not  infrequently 
an  underlying  layer  of  fresh-water  marl,  full  of  mouldering  shells  of 
Limnea,  Planarbts  and  other  lacustrine  molluscs,  shows  that  the  area 
>ras  originally  a  lake  which  has  been  filled  up  with  vegetation. 
The  next  and  chief  layer  of  the  peat  will  usually  be  found  to  con- 
sist mainly  of  matted  fibres  of  difierent  mosses,  particularly  Sfhagnvm, 
Polytriehum,  and  Brywii,  mingled  with  roots  of  coarse  msses  and 
aquatic  plants.    The  higher  layers  frequently  abound  in  the  remains 
of  heaths.    Every  stage  in  the  formation  of  peat  may  be  observed 
in  the  section  cut  in  mosses  for  fuel :  the  portions  at  the  bottom  being 
more  or  less  compact  dark  brown  or  blacK,  with  comparativelv  little 
external  appearance  of  vegetable  structure,  while  those  at  the  top 
are  loose,  spongy,  and  fibrous,  where  the  living  and  dead  parts  of  the 
mosses  commingle  (Fig.  171). 

It  frequently  happens  that  remains  of  trees  occur  in  peat-mosses. 

^  It  may  be  well  to  take  note  here  again  of  the  extenslye  aooomulation  of  i^ 
loam  in  limestone  regions  which  haye  long  been  exposed  to  atmoepberio  ii^^®°^ 
To  what  extent  yegetation  may  co-operate  in  the  prodoction  of  this  loam  has  not  been 
determined.  Fncbs  belioyes  that  the  *'  terra  rossa "  is  only  present  in  dry  dimatei 
whcie  the  amount  of  hnmna  is  small,    (^nfe,  p.  88S,  and  authorities  there  cited.) 
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Sometimes  the  roots  are  imbedded  in  soil  underlying  the  moss, 
showing  that  the  moss  has  formed  since  the  growth  of  the  trees. 


Fig.  171. — View  of  Soottibh  Pbat-moss  openid  fob  Diooino  Fuel. 

In  other  cases  the  roots  and  trunks  occur  in  the  heart  of  the  peat, 
proving  that  the  trees  grew  upon  the  mossy  surface,  and  were  finally, 
OQ  their  decay,  enclosed  in  growing  peat  (J^ig.  172).  A  succession  of 
trees  has  been  observed  amon^  the  iJanish  peat-mosses,  the  Scotch  fir 
(Pinus  tylvestris)  and  white  birch  {Bettda  alba)  being  characteristic  of 
the  lower  layers ;  higher  portions  of  the  peat  being  marked  by  remains 


FlQ.   172.— SOENX  nr  a  BuTHIBLAiniSHIBB  PEAT-M06B. 

of  the  oak,  while  at  the  top  comes  the  common  beech.    Bemains  of 
trees  are  abundant  in  the  bogs  of  Scotland  and  Ireland. 
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The  rate  of  growth  of  peat  yaries  within  wide  limits.  An  in- 
teresting exampte  of  the  formation  and  growth  of  peat-moss  in  the 
latter  half  of  tne  seventeenth  century  is  on  record.^  Li  tiie  year 
1651  an  ancient  pine  forest  occupied  a  level  tract  of  land  among  the 
hills  in  the  west  of  Boss-shire.  The  trees  were  all  dead,  and  in  a 
condition  to  be  blown  down  by  the  wind.  About  fifteen  years  later 
every  vestige  of  a  tree  had  (usappeared,  the  site  being  occupied  by 
a  spongy  green  bog  into  which  a  man  woidd  sink  up  to  the  arm-pits. 
Before  the  year  1699  it  had  become  firm  enough  to  yield  good  peat 
for  fueL  Li  a  moor  in  Hanover  a  layer  of  peat  from  4  to  6  feet 
thick  formed  in  about  thirty  years.  Near  the  Lake  of  Constance  a 
layer  of  3  to  4  feet  grew  in  24  years.  Amon^  the  Danish 
mosses  a  period  of  250  to  300  years  has  been  required  to  form  a 
layer  10  feet  thick.  Much  must  depend  upon  the  climate,  slope, 
drainage  and  soil.  Some  European  peat-mosses  are  probably  of 
extreme  antiouity,  having  begun  to  form  soon  after  the  surface  was 
freed  from  tne  snow  and  ice  of  the  glacial  period.  In  the  lower 
parts  of  these  mosses  traces  of  the  arctic  flora  which  then  over- 
spread so  much  of  the  continent  are  to  be  met  with.  Change  of 
climate  and  likewise  of  drainage  may  stop  the  formation  of  peat^  so 
that  shrubs  and  trees  spring  up  on  the  firm  snrtace. 

Feat-mosses  cover  many  thousand  square  miles  of  Europe  and 
North  America.  About  one-seventh  of  Ireland  is  covered  witn  bogs, 
that  of  Allen  alone  comprising  238,500  acres,  with  an  average  depth 
of  25  feet.  Where  lases  are  gradually  converted  into  bogs,  the 
marshy  vegetation  advances  from  the  shores,  and  sometimes  forms  a 
matted  treacherous  neen  surface,  beneath  which  the  waters  of  the 
lake  still  lie.  The  decayed  vegetable  matter  from  the  under  part  of 
this  crust  sinks  to  the  bottom  of  the  water,  forming  there  a  fine 
peaty  mud,  which  slowly  grows  upward.  Eventually,  as  the  spongy 
covering  spreads  over  the  lake,  a  layer  of  brown  muddy  water 
may  be  left  between  the  still  growing  vegetation  above  and  ibe 
muddy  deposit  at  the  bottom.  Heavy  rains,  by  augmenting  this 
intermediate  waterv  layer,  sometimes  make  the  centre  swell  np 
until  the  matted  skin  of  moss  bursts,  and  a  deluge  of  black  mod 
pours  into  the  surrounding  country.  Many  disastrous  examples 
of  this  kind  have  been  witnessed  in  Ireland  and  Scotland.  The 
inundated  ground  is  covered  permanently  with  a  layer  of  black 
peaty  earth. 

From  the  treacherous  nature  of  their  sur£Eu^  peat-mosses  have 
frequently  been  the  receptacles  for  bodies  of  men  and  animals  that 
ventured  upon  them.  As  peat  possesses  great  antiseptic  power,  these 
remains  are  usually  in  a  state  of  excellent  preservation.  In  Ireland 
the  remains  of  the  extinct  large  Irish  elk  (Megaceros  Hibem^^) 
have  been  dug  up  from  many  of  the  bogs.  Human  weapons,  tool 
and  ornaments  have  been  recovered  abundantly  from  peat-mosses; 
likewise  crannoges,  or  pile  dwellings  (constructed  in  the  onginai 
1  Earl  of  Groinarty,  FkiL  IVaiw.  xxvii. 
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lakes  that  preceded  the  mosses),  and  canoes  hollowed  oat  of  single 
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3.  Mangrove  Swamps. — On  the  low  moist  shores  and  river 
months  of  tropical  conntries,  the  mangrove  tree  plays  an  important 
geological  part.  It  grows  in  snch  situations  in  a  dense  jungle,  some- 
times twenty  miles  broad,  which  fringes  the  coast  as  a  green  selvage, 
and  runs  up,  if  it  does  not  quite  occupy,  creeks  and  inlets.  The  man- 
grove flourishes  in  sea-water  even  down  to  low-water  mark,  forming 
there  a  dense  thicket,  which,  as  the  trees  drop  their  radicles  and  take 
root,  grows  outward  into  the  sea.  It  is  sin^ar  to  find  terrestrial 
birds  nestling  io  the  branches  above  and  crabs  and  barnacles  living 
among  the  roots  below.  Bv  this  network  of  subaqueous  radicles 
and  roots  the  water  is  filtered  of  its  sediment,  which,  retained  among 
the  vegetation,  helps  to  turn  the  spongy  jungle  into  a  firm  soil.  On  the 
coast  of  Florida  the  mangrove  swamps  stretch  for  long  distances  as  a 
belt  from  five  to  twenty  miles  broad,  which  winds  round  the  creeks 
and  inlets.  At  Bermuda  the  mangroves  co-operate  with  grasses  and 
other  plants  to  choke  up  the  creeks  and  brackish  lakes.  In  these  waters 
calcareous  algss  abound,  and,  as  their  remains  are  thrown  up  amidst 
the  sand  and  vegetation,  they  form  a  remarkably  calcareous  soil.' 

4.  Diatom  Earth  or  Ooze. — As  the  mmute  siliceous  plants 
called  diatoms  occur  both  in  fresh  and  salt  water,  the  deposit  formed 
from  their  congregated  remains  is  found  both  on  the  sites  of  lakes 
and  on  the  sea-floor.  "  Infusorial "  earth  and  "  tripoli  powder  "  con- 
sist mainly  of  the  frustules  and  fragmentary  debris  of  (uatoms  which 
have  accumulated  on  the  bottoms  of  lacustrine  areas.  The  purer 
varieties  contain  90  to  97  per  cent  of  silica.  Thev  form  beds  some- 
times upwards  of  thirty  feet  thick.  (Bichmond  in  Virginia  and 
Bilin  in  Bohemia.)  Towards  the  Antarctic  circle  the  ChalUnger  met 
with  Diatomaeess  in  abundance,  both  in  the  surface  waters  of  the 
ocean  and  on  the  bottom.  They  form  at  depths  of  from  1260  to  1975 
fathoms  a  pale  straw-coloured  depositi  which  when  dried  is  white 
and  very  hght  (Fig.  173). 

5.  Chemical  Deposits. — But,  besides  giving  rise  to  new 
formations  by  the  mere  accumulation  of  their  remains,  plants  do  so 
also  both  directly  and  indirectly  by  originatiu^  or  precipitating 
chemical  solutions.  The  most  conspicuous  example  of  this  action  is 
the  production  of  calc-sinter.  Some  plants  (several  snecies  of  Chara^ 
for  instance)  have  the  power  of  decomposmg  the  carDonio  acid  dis- 
solved in  water,  and  precipitating  calcium  carbonate  within  their 
own  cell  waUs.    Others  (such  as  the  mosses  Hypnumj  Bryum,  dte^) 

'  On  the  oompofition,  ■trueiure,  and  liistoiy  of  peai-moMM,  oonsolt  Bennie's 
"Enays  cm  Peat-moM,"  Edinburgh,  1810.  Templeton,  Tran$.  OeoL  8oe.  y.  p.  60S. 
Fbkornj,  Verhand.  GtcIL  Beiehtantt.  Vienna,  1860 ;  Senft,  **  Umnna-,  Manoh-,  Toif-  nnd 
LimonitbUdnngen,"  Leipzig,  1862;  J.  Geikie^  Tran$,  Boy.  8oo,  Edin,  xxiv,  p.  863. 
For  a  MX  liat  of  plants  that  rapply  Tegetable  material  for  the  fbrmatkm  of  peat,  aee 
T.  Bnpert  Jonee,  Proe.  CMogUei  AmoekUion,  1880,  p.  217. 

*  8ee  Nelson,  Q.  J.  GtoL  8oe,  iz.  p.  200,  ei  teq. 

*  Also  phanerogams,  as  Sanwnemu  and  PotamogeUm, 

Digitized  by  VjOOQ IC 


462  DYNAMICAL  GEOLOGY.  [Book  ILL 

precipitate  the  carbonate  as  an  inorganic  incrustation  ontside  their 
own  substance.    Some  observers  haye  even  maintained  that  this  is 


Fio.  173. — DiATOM-oozB  DREDGED  vf  BT  THE  Challenger  Expedition  from  a  Depth 
or  1950  Fathoms  in  the  Antabotio  Ocean.  Lat.  53^  85  8.;  Long.  108*^  88  E. 
Haqnihed  300  Diametbbs. 

the  normal  mode  of  production  of  calc-sinter,  in  large  masses 
like  those  of  Tivoli.  It  is  certainly  remarkable  that  this  substance 
may  be  obseryed  encrusting  fibrous  bunches  of  moss  (JJypnuifi,  dte.) 
when  it  can  be  found  in  no  other  part  of  the  water-course,  and  this, 
tooy  at  a  spring  containing  only  0*034  of  carbonate.  It  is  evident 
that  the  deposit  of  calc-sinter  cannot  be  due  to  mere  evaporation, 
otherwise  it  would  be  more  or  less  equally  spread  along  tne  edges 
and  shallow  parts  of  the  channel.  It  arises  first,  from  the  decom* 
position  of  dissolved  carbonic  acid  by  the  living  plants,  and  it  proceeds 
along  their  growing  stems  and  fibres.  Subsequently  evaporation  and 
loss  of  carl^n  dioxide  cause  the  carbonate  to  be  precipitated  over 
and  through  the  fibrous  sinter  till  the  substance  may  become  a  solid 
crystalline  stone.  Varieties  of  sinter  are  traceable  to  original  dif- 
ferences in  the  plants  precipitating  it.  Thus  at  Weissenbrunen,  near 
Schalkau,  in  central  Germany,  a  cavernous  but  compact  sinter  is 
made  by  Eypnum  moUuaeum,  while  a  loose  porous  kind  gathers  upon 
Didtfmcdon  eapiUaceus.^ 

Some  marine  algae,  as  above  noticed,  abstract  calcium  carbonate 
from  sea-water  and  build  it  up  into  their  own  substance.  A  nnlli- 
pore  (Lithothamnium  nodosum)  has  been  found  to  contain  about  84 
per  cent,  of  calcium  carbonate,  5^  of  magnesium  carbonate^  with  a 
little  phosphoric  acid,  alumina,  and  oxides  of  iron  and  manganese.' 
Consiaerable  accumulations  of  such  calcareous  algaa  take  place  along 
some  shore  lines.  Broken  up  by  the  waves  and  thrown  ashore  with 
fragmentary  shells  or  other  organisms,  the  calcareous  detritus  is 
cemented  into  solid  stone  by  the  solvent  action  of  the  carbonic  acid 
of  rain  or  oceanic  water. 

In  the  formation  of  extensive  beds  of  bog  iron-ore  the  agency  of 

>  Bee  y.  Scbanroth,  Z.  Deui»eh,  Geol  Get.  m.  0B51),  p.  137.  Cobn,  Nemm  Jakrh. 
1R64,  p.  580,  gives  eome  inieresting  inrormation  as  to  the  pUntf  bj  which  the  sinter  it 
formed,  and  their  work.    In  6ootland  Hypnum  eommuUUum  is  a  leading  siAter-fonner. 

>  GOfflbel,  Ahhandl  Bayttitek.  Akad.  Winentck,  xi.  1871. 
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vegetable  life  is  of  prime  importance.  In  marshy  flats  where  stagnant 
water  receives  a  supply  of  the  organic  acids  from  decomposing  plants 
the  salts  of  iron  are  attacked  and  dissolved.  Exposure  to  tne  air 
leads  to  the  oxidation  of  these  solutions  and  the  consequent  precipita- 
tion of  the  iron  in  the  form  of  hydrated  ferric  oxide,  which,  mixed 
with  similar  combinations  of  manganese,  and  also  with  silica,  phos- 
phoric acid,  lime,  alumina  and  magnesia,  constitutes  the  bog-ore  so 
abundant  on  the  lowlands  of  North  Germany  and  othei:  marshy  tracts 
of  northern  Europe.^  On  the  eastern  sea-bo6urd  of  the  United  States 
large  tracts  of  salt  marsh,  lying  behind  sand-dunes  and  bars,  form 
receptacles  for  much  active  chemical  solution  and  deposit  There^ 
as  in  the  European  bog-iron  districts,  ferruginous  sands  and  rocks 
containing  iron  are  bleached  by  the  solvent  action  of  humus  acids; 
and  the  iron  removed  in  solution  is  chiefly  oxidized  and  thrown  down 
on  the  bottom.  In  presence  of  the  sulphates  of  the  sea-water  and 
of  organic  matter,  tne  iron  is  there  partially  reduced  into  sulphide.' 
The  existence  of  beds  of  iron-ore  among  geological  formations 
affords  strong  presumption  of  the  existence  of  contemporaneous 
organic  life  by  which  tne  iron  was  dissolved  and  precipitated* 

The  humus  acids,  which  possess  the  power  of  dissolving  silica, 
precipitate  it  in  incrustations  and  concretions.  Julien  describes 
nyalite  crusts  at  the  Palisades  of  the  Hudson,*  due  as  he  thinks,  to 
the  action  of  the  rich  humus  upon  the  fallen  debris  of  diabase.  The 
frequent  occurrence  of  nodules  of  flint  and  chert  in  association  with 
organic  remains,  the  common  silicification  of  fossil  wood,  and  similar 
close  relations  between  silica  and  organic  remains,  point  to  the  action 
of  organic  acids  in  the  precipitation  of  this  mineral.  This  action  may 
consist  sometimes  in  the  neutralization,  by  organic  acids,  of  alkaline 
solutions  charged  with  silica;'  sometimes  in  the  solution  and  rede- 
posit  of  colloia  silica  by  albuminoid  compounds,  developed  during  the 
decomposition  of  organic  matter  in  deposits  through  ^ich  silica  has 
been  disseminated,  the  deposit  taking  place  preferentially  round  some 
decaying  organism  or  in  the  hollow  Ten;  bv  its  removaL^ 

Animals. — Animal  formations  are  chiefly  composed  of  the  re- 
mains of  the  lower  grades  of  the  animal  kingdom,  especicdly  of 
Mottusea^  Actinozoa^  and  ForanUnifera. 

(1.)  Calcareous. — ^Lime,  chiefly  in  the  form  of  carbonate,  is 
the  mineral  substance  of  which  the  solid  parts  of  invertebrate 
animals  are  mainly  built  up.  Hence  the  great  majority  of  the 
accumnlations  formed  of  animal  remains  are  calcareous.  In  fresh 
water  they  are  represented  by  the  marl  of  lakes — ^a  white,  chalky 
deposit  consisting  of  the  mouldering  remains  of  MoUusoa,  Eniamo8^ 
tra/My  and  partly  of  fresh-water  algsB.  On  the  sea-bottom,  in  shallow 
water,  they  consist  of  beds  of  shells,  as  in  oyster-banks.    Here  and 

^  Forohhamxner,  NeuM  Jahrb,  1841,  p.  17. 

*  Jolieo,  AfMT,  Auoc  1879,  p.  347. 

»  Leoonte,  Amer.  Joum.  8ei.  1880,  p.  181. 

«  Julien,  op.  oit  896.    SoUas,  Ann.  Mag,  NaL  Hist,  Nov.  Deo.  1880. 
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there  considerable  beds  of  broken  shells  have  been  prodnced  by  the 
accnmnlation  of  the  excrement  of  fishes,  as  Yerrill  nas  pointed  out 
on  the  north-eastern  coasts  of  the  United  States. 

Cordlrreefs} — ^But  the  most  striking  calcareons  formations  now 
in  progress  are  the  reefs  and  islands  of  coral.  These  vast  masses  of 
rock  are  formed  by  the  continuous  growth  of  varions  genera  and 
species  of  corals,  in  tracts  where  the  mean  temperature  is  not  lower 
tnan  68°  Pahr.  Coral-growth  is  prevented  by  colder  water,  and  is 
likewise  checked  by  the  fresh  and  muddy  water  discharged  into  the 
sea  by  lar^e  rivers.  Hence  many  coast-lines  in  tropical  seas  are 
destitute  of  coral-reefs. 

Darwin  and  Dana  have  shown  that  reef-building  corals  cannot 
live  at  depths  of  more  than  about  fifteen  or  twenty  fathoms.  When 
they  begin  to  grow,  either  fronting  a  coast-line  or  on  a  submarine 
bank,  coral  reefs  continue  to  advance  outward,  the  living  portion 
bebg  at  the  surface,  while  the  mass  underneath  consists  of  a  cal* 
careous  skeleton  which  becomes  a  solid  white  compact  limestone. 
Li  the  coral  area  of  the  Pacific  there  are,  according  to  Dana,  290 
coral  islands,  besides  extensive  reefs  round  other  islands.  The 
Lidian  Ocean  contains  some  groups  of  large  coral  islands.  Ree&  of 
coral  occur  less  abundantly  in  the  tropical  parts  of  the  Atlantic,  among 
the  West  Indian  Islands  and  on  the  Florida  coast.  The  great  reef 
of  Australia  is  1250  miles  long  and  from  10  to  90  miles  bn^td. 

Coral  rock,  though  form^  by  the  continuous  growth  of  the 
polyps,  gradually  loses  any  distinct  organic  structure,  and  acquires 
an  internal  crystalline  character  like  an  ancient  limestone,  owing  to 
the  infiltration  of  water  throu|;h  its  mass,  whereby  calcium  carbonate 
is  carried  down  and  deposited  m  the  pores  and  crevices  as  in  a  growing 
stalactite.  Great  quantities  of  calcareous  sand  and  mud  are  produced 
by  the  breakers  which  beat  upon  the  outer  edge  of  the  reera.  This 
detritus  is  partly  washed  up  upon  the  reefs,  where,  being  cemented 
by  solution  and  redeposit^  it  aios  in  their  consolidation,  sometimes  ao* 
quiring  an  oolitic  structure,'  but  in  j^reat  measure  it  is  swept  away 
by  the  ocean  currents  and  distributed  over  many  thousands  of  square 
miles  of  the  sea-floor. 

As  already  mentioned  (p.  282),  the  formation  of  coral  islands  has 
been  explained  by  Mr.  Darwin  on  the  hypothesis  of  a  subsidence  of 
the  sea-floor.  These  circular  coral  islands,  or  atolls,  rising  in  mid- 
ocean,  have  the  general  aspect  shown  in  Fig.  174.  Their  external  form 
may  be  understood  from  the  chart  (Fig.  175),  and  their  structure  and 
the  character  of  their  surface  from  the  section  (Fig.  176).  They 
rise  with  sometimes  tolerably  steen  slopes  from  a  depth  of  2000  feet 
and  upwards,  until  they  reach  tne  surface  of  the  sea.  But  as  the 
coral  polyps  do  not  live  at  a  greater  depth  than  about  15  or  20  fisithoms^ 

1  See  DuiHn,  «<The  Strnoture  snd  Distribution  of  Ooral  Itbnd*,*  ISiS:  Ikuift, 
««Oonlstiid  OondlBlADdC  1S72;  Joke^  *« NamtiTe  of  Yoya^  of  HJL8.  JFIyb^  1B47 : 
If nrm,  Proo.  Boj.  8oo.  Edin.  x.  p.  505. 

s  See  Dena't  •'Oonli  end  Oond  Idttd%*  pp.  152, 194. 
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and  conld  not  have  grown  upward  therefore  from  the  bottom  of  a  deep 
sea,  Darwin  inferred  that  the  sites  of  these  coral  reefs  had  undergone  a 


Fig.  174. — View  of  an  Atoll,  or  Coral  Island. 

progressive  subsidence,  the  rate  of  upward  growth  of  the  reefs  keeping 
pace,  on  the  whole,  with  the'.depression.    In  this  view  what  is  termed  a 


Fio.  175. — CuABT  OF  Ejselino  Atoll,  Indian  Ocean  (after  Mb.  Dab"win>. 

The  white  portion  lepreseDts  the  reef  above  sea-level,  the  inner  shaded  space  the 

lagoon,  of  which  the  deepest  portion  is  marked  by  the  darker  tint 

Fringing  Beef  (a  b.  Fig.  177)  would  first  he  formed  fronting  the  land  (l) 
between  the  limit  of  the  20  fathom  line  and  the  sea-level  {s  s). 
Growing  upward  until  it  reached  the  surface  of  the  water,  it  would 
be  expc»ed  to  tlie  dash  of  the  waves,  which  would  break  off  pieces 
of  the  coral  and  heap  them  upon  the  reef.    In  this  way  islets 
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would  be  formed  upon  it. 


which,  by  successive  accumnlations  of 
materials  thrown  up  by  the  breakers 
or  brought  by  winds,  would  remiaiii 
permanently  above  water.  On  these 
islets  palms  and  other  plants,  whose 
seeds  might  be  drifted  from  the  ad- 
joining land,  would  take  root  and 
flourish.  Inside  the  reef  there  wonld 
be  a  shallow  channel  of  water,  com- 
municating, through  gaps  in  the  reef, 
with  the  main  ocean  outside.  Fring- 
ing reefs  of  this  character  are  of 
common  occurrence  at  the  present 
time.  In  the  case  of  a  continent  they 
front  its  coast  for  a  long  distance,  but 
they  may  entirely  surround  an  islands 

If  the  site  of  a  fringing  reef  under- 
goes depression  at  a  rate  sufficiently 
slow  to  allow  the  corals  to  keep  pace 
with  it,  the  reef  may  grow  upward  as 
fast  as  the  bottom  sinks  downward. 
The  lagoon  channel  inside  will  become 
deeper  and  wider,  while,  at  the  same 
time,  the  depth  of  water  outside  will 
increase  nntil  a  Barrier  Beef  (a!  b', 
Fig.  177)  is  formed.  In  Fig.  178,  for 
example,  the  Gkimbier  Islands  (1248 
feet  nigh)  are  shown  to  be  entirely 
surrounded  by  an  interrupted  barrier 
reef,  inside  of  which  lies  the  lagoon. 
Prolonged  slow  depression  must  con- 
tinually diminish  the  area  of  the  land 
thus  encircled,  while  the  reef  will  retain 
much  the  same  size  and  position.  At 
last  the  final  peak  of  the  original  island 
may  disappear  under  the  lagoon  (c  Fig. 
177),  and  an  AtoU,  or  true  coral  island, 
will  be  formed  U"  a"  Fig.  177,  and  Figs. 
174  and  175).  Should  any  more  rapid  or 
sudden  downward  movement  take  place, 
it  might  carry  the  atoll  down  beneath 
the  surface,  as  seems  to  have  happened 
at  the  Great  Chagos  bank  in  the  Indian 
Ocean,  which  is  a  submerged  atolL 

In  this  simple  and  luminous  ex- 
planation of  the  history  of  coral  reefs 
every  stage  in  the  progress  of  the 
changes  is  open  to  obsenration,  from 
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the  incipient  fringing  reef  to  the  completed  and  submerged  atoll. 
Every  oWrved  fact  fits  in  harmoniously  with  the  others,  leading 
up  to  the  impressive  conclusion  that  a  vast  area  of  the  Pacific  Ocean, 


Fw.  177.— Diagram  nxusTBA-rnro  Darwin's  Theory  of  the  Formation  of  Atdlls. 


folly  6000  geographical  miles  from  east  to  west,  has  undergone  a 
recent  subsidence,  and  may  be  slowly  sinking  still. 

Mr.  Darwin's  views  having  been  universally  accepted  by  geologists 


Fio.  178. — Chart  of  Gambier  Islands.    Paoifio  Ocean  (after  Bebchy). 

coral  islands  have  been  regarded  with  special  interest  as  furnishing 
proof  of  vast  oceanic  subsidence.  Recently,  however,  Mr.  Murray, 
whofle  researches  in  the  **  Challenger  Expedition  "  led  him  to  make 
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detailed  examination  of  many  coral  reefs,  has  offered  another  ex- 
planation of  the  phenomena.  He  suggests  that  barrier  reefs  do  not 
necessarily  prove  subsidence,  seeing  that  they  may  grow  outward 
from  the  land  upon  the  top  of  a  talus  of  rock  fragments  or  of  their 
own  debris  broken  down  by  the  waves,  and  may  thus  appear  to  con- 
sist of  solid  coral  which  nad  grown  upward  from  the  bottom  during 
depression,  although  only  the  upper  layer,  20  fathoms  or  thereabonts 
in  thickness,  is  composed  of  solid,  unbroken  coral  erowth.  He 
points  out  that  in  the  coral  seas  the  islands  appear  to  baye  always 
started  on  yolcanic  ejections,  at  least  that  all  the  non-calcareous  rock 
now  visible  is  of  volcanic  origin.  The  portion  of  a  volcanic  cone 
(Fig.  179)  raised  above  the  sea  may  be  supposed  to  be  cut  down 


FlO.  179. — SbOTIOH  of  a  YoLOANIO  CoKB  SUPPOBtD  TO  HAVE  BEEK  THBOWH  UP  OV 
TBI  BbA-FLOOB  Ain>  TO  HAVE  RBAGHED  THE  8eA-LETEL  (B.). 

to  the  lower  limit  of  breaker  action  (a  a),  so  as  to  offer  a  platform 
on  which  coral  might  grow  into  reefe  (t  h)  up  to  the  level  of  high- 
water  (b  h).  Or,  Mith  less  denudation,  or  a  loftier  cone,  a  nucleus  of 
the  original  volcano  might  remain  as  an  island  (Fig.  180),  from  the 
sides  of  which  a  barrier  reef  (r  r)  might  grow  outward,  on  a  talus  of 
its  own  debris,  and  maintain  a  steep  outer  slope.    According  to  this 


Fio.  180. — Sectioh  of  Volcaktc  IsL4im  with  sulmouHDnio  Gobal-bbef  {B.\ 

view  the  breadth  of  a  reef  ought,  in  some  degree,  to  be  a  measure 
of  it»  antiquity. 

To  the  obvious  objection  that  this  explanation  requires  the 
existence  of  so  many  volcanic  peaks  just  at  the  proper  depth  for 
coral  growth,  and  that  the  number  of  true  atolls  is  so  gr^t,  Mr. 
Murray  replies  that  in  several  ways  the  limit  for  the  commencement 
of  coral  growth  may  be  reached.  Volcanic  islands  may  be  reduced 
by  the  waves  \o  mere  shoals,  like  Graham's  Wand,  in  the  Mediter- 
ranean. On  the  other  hand,  submarine  volcanic  peaks,  if  ori^nally  too 
low,  may  conceivably  be  brought  up  to  the  coral  zone  by  the  constant 
deposit  of  the  detritus  of  marine  life  (foraminifera,  radiolaria, 
pteropodsy  &c.),  which  this  observer  has  found  to  be  very  abundant  in 


Digitized  by 


Google 


Pabt  IL  Sect.  iii.  §  3.]      OCEANIC  OOZK  469 

the  upper  waters,  whence  it  descends  as  a  kind  of  organic  rain  into  the 
depths;  though  it  may  be  questioned  how  far  such  fine  sediment 
would  be  allowed  to  accumulate  to  a  sufficient  height  on  account  of 
the  scour  of  the  ground-swell  (p.  423).  Mr.  Murray  holds  also  that 
the  dead  coral,  attacked  by  the  solvent  action  of  the  carbonic  acid  in 
the  sea  water,  is  removed  in  solution  both  from  the  lagoon  f  which 
may  thus  be  deepened)  and  from  the  dead  part  of  the  outer  face  of 
the  reef,  which  may  in  this  way  acquire  greater  steepness.^ 

Foraminiferdl  Ooze. — Becent  deep-sea  soundings  and  dredging? 
have  shown  that  the  bed  of  the  Atlantic  and  other  oceans  is  covered 
with  a  remarkable  calcareous  ooze  formed  of  the  remains  of  Foron 
nUnifera,  and  chiefly  of  species  of  the  genus  OloUgerina.  Among 
aby^nal  deposits  it  ranks  next  in  abundance  to  the  red  and  grey 
davB  of  the  deep  sea  (p.  439).  It  is  a  pale-grey  marl,  sometimes 
rea  from  peroxide  of  iron,  or  orown  from  peroxide  of  manganese; 
and  it  usually  contains  more  or  less  clay,  even  with  occasional 
fragments  of  pumice.     It  covers  an  area  of  the  North  Atlantic 

Erobablv  not  less  than  1300  miles  from  east  to  west,  by  several 
undred  miles  from  north  to  south. 

(2.)  Siliceous  deposits  formed  from  am'mal  exuviae  are  illus^ 
trated  by  another  of  the  deep-sea  formations  brought  to  light  by  the 
Challenger  researches.  In  certain  regions  of  the  western  and 
middle  racific  Ocean,  the  bottom  was  found  to  be  covered  with  an 
ooze  consisting  almost  entirely  of  Badiolaria.  These  minute 
organisms  occur,  indeed,  more  or  less  abundantly  in  almost  all  deep 
oceanic  deposits.  From  the  deepest  sounding  taken  by  the  Challenger 
f 4575  fathoms,  or  more  than  5  miles)  a  radiolarian  oose  was  obtained 
(Fig.  181).  The  spicules  of  sponges  likewise  furnish  materials 
towards  these  siliceous  accumulations.^ 

In  connection  with  the  organic  deposits  of  the  sea-floor,  referenoe 
may  be  made  here  to  the  chemical  processes  in  propess  there,  and 
to  the  probable  part  taken  in  these  processes  bv  decaying  animal 
matter.  The  precipitation  of  manganic  oxide  and  its  segregation  in 
concretions,  often  round  organic  centres  ^p.  440),  presents  a  close 
analogy  to  the  formation  of  concretionary  bog-iron  ore  through  the 
operation  of  the  humus  acids  in  stagnant  water.  The  crystallization 
ox  silicates  in  patches,  cementing  the  pcurticles  of  deep-sea  ooze, 
observed  during  the  Challenger  expeoition,  is  possibly  also  to 
be  connected  with  the  action  of  organic  compounds  (pp.  441,  463). 
The  formation  of  flint  concretions  has  been  for  many  years  a  vexed 
question  in  geoloCT.  The  constant  association  of  flints  with  traces, 
more  or  less  mar&ed,  of  former  abimdant  siliceous  organisms  seems 
to  make  the  inference  irresistible,  that  the  substance  of  the  flint  has 
been  derived  from  these  organisms.  The  silica  has  first  been  ab- 
stracted from  sea-water  by  living  organisms.  It  has  then  been  re- 
dissolved  and  redeposited  (probably  through  the  agency  of  de- 
composing  organic  matter),  sometimes  in  amorphous  concretions, 

>  Proe.  Boy.  Soe.  Edin.  1880,  p.  505. 
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sometimes  replacing  the  calcareous  parts  of  echini,  molluscs,  &c, 
while  the  surrounding  matrix  was»  doubtless^  still  a  soft  watery  ooze 
under  the  sea.^ 

(3.)Fhosphatic  deposits,  in  the  great  majority  of  cases,  betoken 
some  of  the  vertebrate  animals,  seeing  that  phosphate  of  lime  enters 
largely  into  the  composition  of  their  bones  and  occurs  in  their  excre- 
ment (p.  169).  The  most  typical  modern  accumulations  of  this  nature 
are  the  guano  beds  of  rainless  islands  off  the  western  coasts  of  South 
America  and  Southern  Africa.     In  these  regions  immense  flocks  of 


Fio.  181. — ^Radiolabiait  Oozb. 

Dredged  up  by  the  Challenger  expedition,  from  a  depth  of  4475  fiathoms,  in  Lat.  11® 
24'  N.,  Long.  143^'  W  £.  Magnified  100  dlametent.  Thij  is  from  the  deepeak 
abyss  whence  organisms  have  yet  been  obtained. 

sea-fowl  have,  in  the  course  of  centuries,  covered  the  ground  with  an 
accumulation  of  their  droppings  to  a  depth  of  sometimes  30  to  80  feet, 
or  even  more.  This  deposit,  consisting  chiefly  of  organic  matter  and 
ammoniacal  salts,  with  about  20  per  cent,  of  pho8|>hate  of  lime,  has 
acquired  a  high  va,lue  as  a  manure,  and  is  being  rapidly  cleared  oflT. 
It  could  only  have  been  preserved  in  a  rainless  or  almost  rainless 
climate.  In  the  west  of  Europe  isolated  stacks  and  rocky  islands 
in  the  sea  are  often  seen  to  be  white  from  the  droppings  of  clouds 
of  sea-birds ;  but  it  is  merely  a  thin  crust,  which  is  not  allowed  to 
grow  thicker  in  a  climate  where  rains  are  frequent  and  heavy. 

*  See  Wallftoe,  Q.  J.  GeuL  8oc,  zxztL,  Boll&s,  Ann.  A  Mag,  NaL  EUL  5tb 
p.  487,  and  ante^  p.  463. 
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§  4.  Man  as  a  Geological  Agent. 

No  survey  of  the  geological  workings  of  plant  and  animal  life 
upon  the  surface  of  the  globe  can  be  complete  which  does  not  take 
account  of  the  influence  of  man — ^an  influence  of  an  enormous  and 
increasing  consequence  in  physical  geography ;  for  man  has  introduced, 
as  it  were,  an  element  of  antagonism  to  nature.  Not  content  with 
gathering  the  fruits  and  capturing  the  animals  which  she  has  offered 
for  his  sustenance,  he  has,  with  adyancing  civilization,  engaged  in  a 
contest  to  subdue  the  earth  and  possess  it.  His  warfare  mdeed  has 
often  been  a  blind  one,  successful  for  the  moment,  but  leading  to 
sure  and  sad  disaster..  He  has,  for  instance,  stripped  off  the  woodland 
from  many  a  region  of  hill  and  mountain,  gaining  his  immediate 
object  in  the  possession  of  their  stores  of  timber,  but  thereby  laying 
bare  the  slopes  to  parching  droughts  or  fierce  rains.  Countries  once 
rich  in  beauty,  and  plenteous  in  all  that  was  needful  for  his  support, 
are  now  burnt  and  barren,  or  washed  bare  of  their  soiL  It  is  only  in 
comparatively  recent  years  that  he  has  learnt  the  truth  of  the 
aphorism — ^**  Homo  Natures  minister  et  interprea** 

But  now,  when  that  truth  is  coming  more  and  more  to  be  recog-» 
nized  and  acted  on,  man's  influence  is  none  the  less  marked.  His 
object  still  is  to  subdue  the  earth,  and  he  attains  it,  not  by  setting 
nature  and  her  laws  at  defiance,  but  by  enlisting  her  in  his  service. 
Within  the  compass  of  this  volume  it  is  impossible  to  give  more  than 
merely  a  brief  outline  of  so  vast  a  subject.^  The  action  of  man  is 
necessarily  confined  mainly  to  the  land,  though  it  has  also  to  some 
extent  influenced  the  marine  fauna.  It  may  be  witnessed  on  climate, 
on  the  flow  of  water,  on  the  character  of  the  terrestrial  surface,  and 
on  the  distribution  of  life. 

1.  On  Climate. — Human  interference  affects  meteorological 
conditions — (1)  by  removing  forests  and  laying  bare  to  the  sun  and 
winds  areas  which  were  previously  kept  cool  and  damp  under  trees, 
or  which,  lying  on  the  lee  side,  were  protected  from  tempests ;  as 
already  stated,  it  is  supposed  that  the  wholesale  destruction  of  the 
woodlands  formerly  existing  in  countries  bordering  the  Mediter- 
ranean has  been  in  part  the  cause  of  the  present  desiccation  of  these 
dieitricts;  (2)  by  drainage,  the  effect  of  this  operation  being  to 
remove  rapidly  the  discharged  rainfall,  to  raise  the  temperature  of 
the  soil,  to  lessen  the  evaporation,  and  thereby  to  diminish  the  rain- 
fall and  somewhat  increase  the  general  temperature  of  a  country; 
(3)  by  the  other  processes  of  agriculture,  such  as  the  transformation 

1  See  ^fanh*B  '*Man  and  Nature,**  a  work  which,  as  its  title  denotes,  specially  treats 
of  this  subject,  and  of  which  a  new  and  enlarged  edition  was  published  in  1S74  under 
the  tiUo  of  **  The  Earth  as  modified  by  Human  Action."  It  contHins  a  copious  biblio- 
graphy. Bee  also  Bolleston,  Jour.  Hoy,  Geog,  Soe,  xliz.  p.  820,  and  works  cited  by  him, 
particularly  DeCandoUe,  **Gtographie  botanique  raisonn^''  1855;  Unger^s  ''Botanische 
Streifxftge,^'  in  SiUber,  Vienna  Acad,  1857-1S59 ;  J.  Q.  8t  Hilaire,  **  Uistoire  natureUe 
g^D^rale  des  B^es  Organiques,"  torn,  iii  1S62 ;  Osoar  Peschel,  **  Phyaiseho  firdknnda ;  ** 
Link,  '*  Urwelt  ond  Alteithum  "  (1S22}. 
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of  moor  and  bog  into  cnltivated  land,  and  the  clothing  of  bare  hill- 
sides with  green  crops  or  plantations  of  coniferous  and  hardwood 
trees. 

2.  On  the  Flow  of  Water. — (1)  By  increasing  or  diminishing 
the  rainfall  man  directly  aflFects  the  circulation  of  water  over  the 
land.  (2)  By  the  drainage  operations  which  cause  the  rain  to  run 
off  more  rapidly  than  before,  ne  increases  floods  in  rivers.  (3)  By 
wells,  bores,  mines,  or  other  subterranean  works,  he  interferes  with 
underground  waters  and  consequently  with  the  discharge  of  springs. 
(4)  By  embanking  rivers  he  confines  them  to  narrow  channels,  some- 
times increasing  their  scour,  and  enabling  them  to  carry  their 
sediment  further  seaward,  sometimes  causing  them  to  deposit  it  over 
the  plains  and  raise  their  level. 

3.  On  the  Surface  of  the  Land. — Man's  operations  alter  the 
aspect  of  a  country  in  many  ways : — (1)  by  changing  forest  into  bare 
mountain,  or  clothing  bare  mountains  with  forest ;  (2^  by  promoting 
the  growth  or  causing  the  removal  of  peat-mosses ;  (8)  by  needlessly 
uncovering  sand-dunes,  and  thereby  setting  in  motion  a  process  of 
destruction  which  may  convert  hundreds  of  acres  of  fertile  land 
into  waste  sand,  or  by  prudently  planting  the  dunes  with  sand- 
loving  herbage  or  pines,  and  thus  arresting  their  landward  progress ; 
(4)  by  so  ^ding  the  course  of  rivers  as  to  make  them  aid  him 
in  reclaiming  waste  land,  and  bringing  it  under  cultivation;  (5) 
by  piers  and  bulwarks,  whereby  the  ravages  of  the  sea  are  stayed, 
or  by  the  thoughtless  removal  from  the  beach  of  stones  which  the 
waves  had  themselves  thrown  up,  and  which  would  have  served  for 
a  time  to  protect  the  land;  (h)  by  forming  new  deposits  either 
designedly  or  incidentally.  Tne  roads,  brieves,  canals,  railways, 
tunnels,  villages,  and  towns  with  which  man  has  covered  the  surfEtce 
of  the  land  will  in  many  cases  form  a  permanent  record  of  his 
presence.  Under  his  hand  the  whole  surface  of  civilized  countries 
IS  very  slowly  covered  by  a  stratum,  either  formed  wholly  by  him,  or 
due  in  great  measure  to  his  operations,  and  containing  many  relics 
of  his  presence.  The  soil  of  old  cities  has  been  increased  to  a  depth 
of  many  feet  by  the  rubbish  of  his  buildings ;  the  level  of  the 
streets  of  modern  Bome  stands  high  above  that  of  the  pavements  of 
the  Caesars,  and  this  again  above  the  roadways  of  the  early  republic. 
Over  cultivated  fields  potsherds  are  turned  up  in  abundance  by  the 
plough.  Tlie  loam  has  risen  within  the  walls  of  our  graveyards,  as 
generation  after  generation  has  mouldered  there  into  dust. 

4.  On  the  distribution  of  Life. — It  is  under  this  head, 
perhaps,  that  the  most  subtle  of  human  influences  come.  Some  of 
man's  doings  in  this  domain  are  indeed  plain  enough,  such  as  the 
extirpation  of  wild  animals,  the  diminution  or  destruction  of  some 
forms  of  vegetation,  the  introduction  of  plants  and  animals  useful  to 
himself,  and  especially  the  enormous  predominance  given  by  him  to 
the  cereals  and  to  the  spread  of  sheep  and  cattle.  But  no  such  ex- 
tensive disturbance  of  tne  normal  conditions  of  the  distribution  of 
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life  can  take  place  without  carrying  with  it  many  secondary  effects, 
and  setting  in  motion  a  wide  cycle  of  change  and  of  reaction  in  the 
animal  ana  vegetable  kingdoms.  For  example,  the  incessant  warfare 
waged  by  man  against  birds  and  beasts  of  prey  in  districts  given  up 
to  the  chase  leads  sometimes  to  unforeseen  results.  The  weak  game 
is  allowed  to  live,  which  would  otherwise  be  killed  off  and  give  more 
room  for  the  healthy  remainder.  Other  animals,  which  feed  perhaps 
on  the  same  materials  as  the  game,  are  by  the  same  cause  permitted 
to  live  unchecked,  and  thereby  to  act  as  a  further  hindrance  to  the 
spread  of  the  protected  species.  But  the  indirect  results  of  man's 
interference  with  the  rigime  of  plants  and  animals  still  require  much 
prolonged  observation.^ 

This  necessarily  imperfect  outline  may  suffice  to  indicate  how 
important  is  the  place  nlled  hy  man  as  a  geological  agent,  and  how 
in  tuture  ages  the  ti-acses  of  his  interference  may  introduce  an  element 
of  difficulty  or  uncertainty  into  the  study  of  geological  phenomena. 

'  Bee  on  the  subject  of  man's  inflnenoe  on  organic  nature,  the  paper  by  Professor 
BoUeston,  quoted  in  a  preTioos  note,  and  tiie  nameroos  authorities  cited  by  him. 
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BOOK  IV. 

'      GEOTECTONIO  (STRUCTURAL)  GEOLOGY, 

OR  THH  ARCHITECTURE   OF  THE  EARTH'S   CRUST. 

The  nature  of  minerals  and  rocks  and  the  operations  of  the 
different  agencies  by  which  they  are  produced  and  modified  having 
been  discussed  in  the  two  foregoing  books,  there  remains  for  con- 
sideration the  manner  in  which  these  materials  have  been  arranged 
80  as  to  build  up  the  crust  of  the  earth.  Since  by  far  the  largest 
portion  of  this  crust  consists  of  sedimentary  or  aqueous  rocks,  it  will 
be  of  advantage  to  treat  of  them  first,  noting  both  their  original 
characters  as  resulting  from  the  circumstances  under  which  they 
were  formed,  and  the  modifications  subsequently  effected  upon  them. 
Many  superinduced  structures,  not  peculiar  to  sedimentary,  but 
occurring  more  or  less  markedly  in  all  rocks,  may  be  conveniently 
described  together.  The  distinctive  characters  of  the  igneous  or 
eruptive  rocks,  as  portions  of  the  architecture  of  the  crust,  will  then 
be  described ;  and  lastly,  those  of  the  crystalline  schists  and  other 
associated  rocks  to  which  the  name  oi  metamorphic  is  usually 
applied. 

Part  L — Stratipioation  and  its  accompaniments. 

The  term  /'stratified,"  so  often  applied  as  a  general  desi^ation 
to  the  aqueous  or  sedimentary  rocks,  expresses  their  leading 
structural  feature.  Their  matericds,  laid  down  for  the  most  part  on 
the  bed  of  the  sea  and  the  floors  of  lakes  and  rivers  under  conditions 
which  have  been  already  discussed  in  Book  III.,  are  disposed  in 
layers  or  strata,  an  arrangement  characteristic  of  them  alike  in  hand- 
specimens  and  in  cliffs  and  mountains  (Figs.  182  and  183).  Not 
that  every  morsel  of  aqueous  rock  exhibits  evidence  of  stratification. 
But  it  is  this  feature  which  is  least  frequently  absent.  The  general 
characters  of  stratification  will  be  best  understood  from  an  explana- 
tion of  the  terms  by  which  they  are  expressed. 

Forms  of  Bedding. — La  mi  nee  are  the  thinnest  paper^like 
layers  in  the  planes  of  deposit  of  a  stratified  rock.  Such  fine  layers 
only  occur  where  the  material  is  fine-grained,  as  in  mud  or  shale,  or 
where  fine  scales  of  some  mineral  have  been  plentifully  deposited,  as 
in  micaceous  sandstone.  In  some  laminated  rocks  the  lamince  cohere 
so  firmly  that  they  can  hardly  be  split  open,  and  the  rock  will 
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break  more  readily  acrosB  them  than  in  their  direction.  More  usually, 
howeyer,  the  planes  of  lamination  serve  as  convenient  divisional 
surfaces  by  means  of  which  the  rock  can  be  split  open.  The  cause 
of  this  structure  has  been  generally  assigned  to  intermittent  deposit, 
each  lamina  being  assumed  to  have  partially  consolidated  before  its 


Fia.  182. — Sea-Cliff  showikq  a  Series  of  Steatuted  Books  (P.)* 

successor  was  laid  down  upon  it.  Mr.  Sorby,  however,  has  recently 
suggested  that  in  fine  argillaceous  rocks  it  may  be  a  kind  of 
cleavage-structure  (see  p.  310)  due  to  the  pressure  of  the  overlying 
rocks  with  the  consequent  squeezing  out  of  insterstitial  water  and 
the  rearrangement  of  the  argillaceous  particles  in  lines  perpendicular 
to  the  pressure.^ 

Much  may  be  learnt  as  to  former  geographical  and  geological 
changes  by  attending  to  the  characters  of  the  strata.  In  Fig.  183,  for 
example,  there  is  evidence  of  a  gradual  diminution  of  movement  in 
the  waters  in  which  the  layers  of  sediment  were  deposited.  The  con- 
glomerate (a)  points  to  currents  of  some  force ;  the  sandstones  (led) 
mark  a  progressive  quiescence  and  the  advent  of  finer  sediment; 
the  shales  (e)  show  that  by  the  time  they  were  formed,  only  very 
fine  mud  was  borne  along ;  while  the  shell-limestone  (/)  proves  that 
the  water  no  longer  carried  sediment,  but  was  clear  enougn  to  permit 
of  an  abundant  growth  of  marine  organisms.  The  existence, 
therefore,  of  alternations  of  fine  laminaB  oi  deposit  may  be  conceived 
as  pointing  to  tranquil  conditions  of  slow  intermittent  sedimentation, 
where  silt  has  been  borne  at  intervals  and  has  fallen  over  the  same 
area  of  undisturbed  water.  Begularity  of  thickness  and  persistence 
of  lithological  characters  among  the  laminae  may  be  taken  to  indicate 
periodic  currents,  of  approximately  equal  force,  from  the  same 
quarter.  In  some  cases  successive  tides  in  a  sheltered  estuary  may 
have  been  the  agents  of  deposition.  In  others  the  sediment  was 
doubtless  brought  by  recurring  river-floods.  A  great  thickness  of 
laminated  rock,  like  the  massive  shales  of  Palaeozoic  formations, 
suggest  a  prolonged  period  of  quiescence,  and  probably  in  most 
cases,  dow,  tranquil  subsidence  of  the  sea-floor.    On  the  other  hand, 

»  Quart,  Joum.  QwL  8oe.  xxxvi.  p.  67  (1880). 
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the  alternation  of  thin  bands  of  laminated  rock  with  others,  coarser 
in  texture  and  non-laminated,  indicates  considerable  oscillation  of 
currents  from  different  quarters  bearing  yarioos  qualities  and 
amounts  of  sediment 

Strata  or  Beds  are  layers  of  rock  varying  from  an  inch  or 
less  up  to  many  feet  in  thickness.  A  stratum  may  be  made  up  of 
numerous  laminsB,  if  the  nature  of  the  sediment  and  mode  of  deposit 
have  favoured  the  production  of  this  structure,  as  has  commonly 
been  the  case  with  the  finer  kinds  of  sediment  In  materials  of 
coarser  grain,  the  strata,  as  a  rule,  are  not  laminated,  but  form  the 
thinnest  parallel  divisions.  Strata,  like  laminas,  sometimes  cohere 
firmly,  but  are  commonly  separable  with  more  or  less  ease  from  each 
other.  In  the  former  case  we  may  suppose  that  the  lower  bed 
before  its  consolidation  was  followed  by  the  deposit  of  the  upper. 
The  common  merging  of  a  stratum  into  that  which  overlies  it  must 
no  doubt  be  regarded  as  evidence  of  more  or  less  gradual  change  in 


'i'>i^ 


Fig.  1S8.— Sbgtion  or  Stratitikd  Bogkb. 

a,  oonglomerate ;  h,  thick-bedded  pebbly  sandstone ;  c,  thin-bedded  sandstone ;  d,  shell  y 
sandstone ;  e^  ihale  with  ironstone  nodules ;  /,  limestone  with  marine  oiganiama. 

the  conditions  of  deposit  Where  the  overlying  bed  is  abruptly 
separable  from  that  below  it,  the  interval  was  probably  of  some 
duration,  though  occasionally  the  want  of  cohesion  may  arise  from 
the  nature  of  the  sediment,  as  for  instance  where  an  intervening 
layer  of  mica  flakes  has  been  laid  down.  A  stratum  may  be  one  oi 
a  series  of  similar  beds  in  the  same  mass  of  rock,  as  where  a  thick 
sandstone  includes  many  individual  strata,  varying  considerably  in 
their  respective  thicknesses ;  or  it  may  be  complete  and  distinct  in 
itself,  as  where  a  band  of  limestone  or  ironstone  runs  through  the 
heart  of  a  series  of  shales.  As  a  general  rule,  the  conclusion  appears 
to  be  legitimate  that  stratification,  when  exceedingly  well-marked, 
indicates  slow  intermittent  deposit,  and  that  when  weak  or  absent  it 
points  to  more  rapid  deposit,  intervals  and  changes  being  necessary 
for  the  production  of  a  distinctly  stratified  structure. 

Lines  due  to  original  stratification  must  be  carefully  dis- 
tinguished from  other  divisional  planes  which,  though  somewhat  like 
them,  are  of  entirely  different  origin.    Three  distinct  kinds  of 
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fissility  may  be  recognized  among  rocks.  Ist,  lamination  of  original 
deposit,  which  has  just  been  described ;  2nd,  cleavage^  as  in  slate ; 
3ra,  foliation^  as  in  schists.  Occasionally^  by  the  development  of 
steam-holes  or  spherulitic  concretions  in  lavas,  and  the  drawing  oat 
of  these  into  planes  dnring  the  movement  of  the  molten  mass,  a 
kind  of  lissility  is  produced  which  at  first*  might  be  mistaken  for 
the  lamination  of  deposit.  Close-set  joints  likewise  give  rise  to 
divisional  planes,  which  now  and  then  may  deceive  an  observer  by 
their  resemblance  to  stratification. 

Originally  the  planes  of  stratification,  in  the  great  majority  of 
cases,  were  nearly  horizontal.  As  most  sedimentary  rocks  are  of 
marine  origin,  and  have  accumulated  on  the  shallower  slopes  of  the 
sea-floor,  they  must  have  had  from  the  first  a  slight  inclination  sea- 
wards ;  but,  save  on  rapidly  shelving  shores,  the  angle  of  declivity  has 
been  usually  so  slight  as  to  be  hardly  appreciable  by  the  eye. 
Slight  departures  from  this  predominant  horizontality  would  be 
caused  where  sediment  accumulated  unequally,  or  where  the  floor 
on  which  deposition  took  place  was  of  an  undulating  or  more 
markedly  uneven  character. 

False-bedding,  Current-bedding. — Some  strata,  particu- 
larly sandstones,  are  marked  by  an  irregular  lamination,  wherein  the 


Fio.  184. — SionoN  or  Fal»-bkdded  Strata. 

laminsB,  though  for  short  distances  parallel  to  each  other,  are  oblioue 
to  the  geneiul  stratification  of  the  mass,  at  constantly  varying 
angles  and  in  different  directions  {ale  dm  Y\g,  184).  This  structure, 
known  as  false-bedding  or  current-bedding,  points  to  frequent 
changes  in  the  direction  of  the  currents  by  which  the  sediment  was 
carried  along  and  deposited.  Sand  pnshed  over  the  bottom  of  a 
sheet  of  water  by  varying  currents  tends  to  accumulate  irregularly 
in  bands  and  ridges,  which  often  advance  with  a  steep  slope  in  front. 
The  upper  and  lower  surfaces  of  the  bank  or  bed  of  sand  (•  *  in 
Fig.  184)  may  remain  parallel  with  each  other  as  well  as  with  the 
underlying  bottom  (a),  yet  the  successive  laminae  composing  it  may 
lie  at  an  angle  of  30  or  even  more.  We  may  illustrate  this  structure 
by  the  familiar  formation  of  a  railway  embankment.  The  top  of  the 
embankment  on  which  the  permanent  wav  is  to  be  laid,  is  kept  level ; 
but  the  advancing  end  of  the  earth-work  shows  a  steep  slope  over 
which  the  workmen  are  constantly  discharging  waggon-loads  of 
rubbish.  Hence  the  embankment,  if  cut  open  longitudinally,  would 
present  a  **  false-bedded ''  structure,  for  it  would  he  found  to  consist 
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of  many  irregular  layers  inclined 
which  the  formation  of  the  mound 
formations  of  all  ages,  occasional 
such  false-bedded  strata  show 
structure,  and  bring  vividly  before 
currents  by  which  the  sediment 
water  where  it  accumulated  (Fig. 


at  a  high  angle  in  the  direction  in 
had  advanced.  Among  geological 
sections  of  the  upper  surfaces  of 
the  singular  irregularity  of  the 
the  imaffination  the  feeble  shifting 
was  drifted  about  in  the  shallow 
185).    A  noticeable  feature  is  the 


^\i?™^^^  ^'  ?™^  SURTACB  OF  A  FaLSB-BEDDID  OoAL-MEASTBE  SaKMTOKH, 

NoLTON  Haven,  PmiBBOKKBHmB.    (By  the  late  Pbofessor  John  Phillips.) 

markedly  lenticular  character  of  false-bedded  strata.  Even  where 
the  usual  diagonal  lamination  is  feeble  or  absent  this  lenticular 
structure  may  remain  distinct  (Fig.  186).  Examples  may  also  be 
observed,  m  which,  while  aU  the  beds  are  well  laminated,  in  some 


Pio.  186.-rALM-BKW)BD  Strata.  Old  Rro  8a»d8TO>«,  Boaa,  HaBnoBceBna. 
(Bt  tm  latb  Sib  Hbnbt  Jamxs,  B  Ji,) 

the  laminae  ran  parallel  With  the  general  bedding  and  in  othera 
obliquely  (Fig.  1^7).  Thongh  current-bedding  iaTmost  frequent 
among  sandstones,  or  markedly  arenaceous  strata,  it  may  be  ob- 
serred  oc<»sionalIy  m  detrital  formations  of  organic  orimn.  as  in 
a  section  (Fig.  188)  by  De  la  Beche,  where  a  portion  To^e  oftS 
calcareonB  members  of  the  Jurassic  series  of  England,  consists  of  beds 
composed  mostly  of  organic  fragments  with  a  strongly  marked 


Digitized  by 


Google 


Pabt  I.] 


FALSE-BEDDING. 


479 


current-bedding  (a  a),  while  others,  formed  of  muddy  layers  and  not 
obliquely  laminated  {b  h),  point  to  intervals  when,  with  the  cessation 


Fio.  187. — Obdxvabt  Lamination  and  Curbemt-lamination,  TJppbb  Old  Red 

Sandbtons,  Clowes  Bat,  Watebfobd  (£.). 
a,  d,  e»  bedfl  of  sand  and  silt  deposited  horizontally  and  apparently  &om  meohanioal 
■ospension ;  6,  c,  beds  of  sand  which  baye  been  pushed  along  the  bottom. 

of  the  silt-bearing  currents,  the  water  became  still  enough  to  allow 
the  mud  suspended  in  it  to  settle  on  the  bottom.^ 

Instances  may  be  noticed  where  the  diagonal  lamination  is  con- 


Fio.  188.— Seotioh  nf  the  Fobebt  Marble,  the  Butts,  Fboxs,  SoioEBnT  (B.). 

a,  a,  beds  formed  of  broken  shells,  fish-teeth,  pieces  of  wood,  and  oolitio  grains ;  6,  6, 

layers  of  day. 

torted  as  well  as  steeply  inclined,  or  where  highly  contorted  beds 
are  interposed  between  others  which  are  undisturbed  and  horizontal. 
Curved  and  contorted  lamination  is  of  frequent  occurrence  among 


jno.  189. — Contobted  False-bedddto,       Fio.  190.— CJontobtbd  Post-Tertiabt 
Cambbiak  SANDeroNB,  Oaiblooh.  Samds  and  Clats,  neab  Fobbbs. 

palaBozoic  sandstones.    In  Fig.  189,  an  example  is  given  from  one  of  the 

oldest  formations  in  Britain,  and  in  Fig.  190  another  from  one  of  the 

*  Geologioal  Obserrer,  p^  6S6. 


Digitized  by 


Google 


480  GEOTECTONIC  (STRUCTURAL)  GEOLOGY.  [Book  IV. 

youngest.  The  cause  of  this  structure  is  uot  well  understood. 
Among  the  sands  and  clays  of  the  glacial  deposits  local  examples 
of  contortion  occur,  which  may  be  accounted  for,  in  some  cases,  by 
the  intercalation  and  subsequent  melting  of  sheets  of  frozen  mud ; 
in  others  by  the  stranding  of  heayy  masses  of  drift  ice  upon  still 
unconsolidated  sand  and  mud.  It  is  possible  that  some  of  the 
extraordinary  labyrinthine  and  complex  contortions  of  schistose  rocks 
may  be  due  to  the  subsequent  crumpling  of  strata  idready  fall  of 
this  diagonal  contorted  lamination. 

Irregularities  of  Bedding  due  to  Inequalities  of 
Deposition  or^of  Erosion. — A  sharp  ridge  of  sand  or  gravel 
may  be  laid  down  under  water  by  current-action  of  some  strength. 
Should  the  motion  of  the  water  diminish,  finer  sediment  may  be 
brought  to  the  place  and  be  deposited  around  and  above  the  rioge. 
In  such  a  case  the  stratification  of  the  later  accumulation  will  end 


Fio.  191.— Plan  op  Channels  in  Goal,  Forest  op  Dean  (apter  Buddle). 

off  abruptly  against  the  flanks  of  the  older  ridge,  which  will  appear 
to  rise  up  through  the  overlying  bed.  Appearances  of  this  kind  are 
not  uncommon  in  coal-fields,  where  they  are  known  to  the  miners  as 
"  rolls,"  "  swells,"  or  "  horses*  backs."  A  structure  exactly  the  reverse 
of  the  preceding  where  a  stratum  has  been  scooped  out  before  the 
deposition  of  the  layers  which  cover  it,  has  also  often  been  observed 
in  mining  for  coal,  when  it  is  termed  a  **  want."  Channels  have  been 
cut  out  of  a  coal-seam,  or  rather  out  of  the  bed  of  vegetation  which 
ultimately  became  coal,  and  these  winding  and  branching  channels 
have  been  filled  up  with  sandy  or  muddy  sediment.  The  accom- 
panying plan  (Fig.  191)  represents  a  portion  of  a  remarkable  series  of 
Kucn  channels  traversing  the  Coleford  iligh  Delf  coal-seam  in  the 
Forest  of  Dean.  The  chief  one,  locally  known  as  the  "  Horse  "  (a  h)t 
has  been  traced  for  about  two  miles,  and  varies  in  width  from  170  to 
340  yards.  It  is  joined  by  smaller  tributaries  (e  c),  which  run  for  some 
y^B,y  approximately  parallel  to  it.     The  coal  has  either  been  prevented 
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from  accumuIatiDg  in  contemporaneous  water-channels,  or,  while  still 
in  the  condition  of  soft  bog-like  vegetationy  has  been  eroded  by 
streamlets  flowing  through  it.^  A  section  drawn  across  such  a  buried 
channel  exhibits  the  structure  represented  in  Fig.  192,  where  a  bed  of 
fire-clay  (c),  full  of  roots  and  evidently  an  old  soil,  supports  a  bed  of 
coal  {a)  and  of  shale  (c),  which,  during  the  deposition  of  this  series  of 
strata,  have  been  cut  out  into  a  channel  at  /.  A  deposition  of  sand 
(t)  has  then  filled  up  the  excavation,  and  a  layer  of  mud  (a)  has 
covered  up  the  whole. 


Fio.  102.— Section  of  a  Channel  in  a  Coal-seam  (JB), 

Currents  of  very  unequal  force  and  transporting  power  may 
alternate  in  such  a  way  that  after  fine  silt  nas  for  some  time 
been  accumulated,  coarse  shingle  may  next  be  swept  along,  and  may 
be  so  irregularly  bedded  with  the  softer  strata  as  to  simulate  the  be- 
haviour of  an  intrusive  rock  (Fig.  193).*  The  section  (Fig.  194), 
taken  by  De  la  Beche  from  a  eJifT  of  Coal-measures  on  the  coast  of 
Pembrokeshire,  shows  a  deposit  of  shale  (a)  that  during  the  course 
of  its  formation  was  eroded  by  a  channel  at  &,  into  which  sand  was 


Fio.  193.— Ibreoular  Bkddino  of  Coarse  and  Fine  Lower  Silurun  Detritts. 
Flanks  op  Gltdyr,  N.E.  of  Snowdon  (5.). 

carried;  after  which,  the  deposit  of  fine  mud  recommenced,  and 
similar  shale  as  before  was  laid  down  upon  the  top  of  the  sandy 
layer,  until,  by  a  more  potent  current,  the  shale  deposit  was  cut 
away  on  the  left  side  of  the  section  and  a  series  of  sand  beds  {e\ 
was  laid  down  upon  its  eroded  edges.  An  interruption  of  this  kina« 
however,  may  not  seriouslv  disturb  the  earlier  conditions  of  a 
deposit  which,  as  shown  in  the  same  section,  may  be  again  resumed, 


>  Baddle,  GeoL  Tran$,  yi.  (1842),  p.  215. 
*  De  la  Bccbo,  Geol.  Obscnrer,  p.  533. 
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and  new  layers  (d)  may  be  laid  down  conformably  over  the  whole. 
Among  the  lessons  to  be  learnt  from  sach  sections  of  local  irregularity, 
one  of  the  most  useful  is  the  reminder,  that  the  inclination  of  strata 


a  b 

FlO.   194. — OOKTEXFOBAKBOUS  SBOeiOH  AND  DkFOSIT  (£.). 

may  not  always  be  due  to  subterranean  movement  In  Fig.  195,  for 
example,  the  lower  strata  of  shale  and  sandstone  are  nearly  horizontal. 
The  upper  thick  sandstone  {b')  has  been  cut  away  towards  the  left^ 
and  a  series  of  shales  (cT)  and  a  coal-seam  (e^  have  been  depoaiied 
against  and  over  it.  If  the  sandstone  was  then  level,  the  shales 
must  have  been  laid  down  at  a  considerable  angle,  or  if  these  were 
deposited  in  horizontal  sheets,  the  earlier  sandstone  must  have 
accumulated  on  a  marked  slope.    As  deposition  continued,  the  in- 


\-. 


Fio.  195. — CJoNTESfpOBANiouB  Ebosion  WITH  Ikglinkd  akd  Hobdontal  Deposits. 
IN  Coal  Mkasubis,  Exllo  Wateb,  Sanquhar,  Duxfbiebshise. 

a\  shales  and  ironstones ;  6,  h\  sandstones ;  c,  e\  ooal-searos. 

clined  plane  of  sedimentation  would  gradually  become  horizontal 
until  the  strata  became  once  more  parallel  with  the  series  ale 
below.  A  structure  of  this  kind,  not  unfrequent  in  the  Coal-mea- 
sures, must  be  looked  upon  as  a  larger  kind  of  false-bedding,  where, 
however,  terrestrial  movement  may  sometimes  have  taken  place. 

In  the  instances  here  cited,  it  is  evident  that  the  erosion  took 
place,  in  a  general  sense,  during  the  same  period  with  the  accu- 
mulation  of  the  strata.    For  after  the  interruption   was  covered 
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up  sedimentation  went  on  as  before,  and  there  is  usually  an  ob- 
nous  dose  sequence  between  the  continuous  strata.  Though  it 
may  be  impossible  to  decide  as  to  the  relative  length  of  the  in- 
terval that  elapsed  between  the  formation  of  a  given  stratum  and 
that  of  the  next  stratum  which  lies  upon  its  eroded  surface,  or  to 
ascertain  how  much  depth  of  rock  has  been  removed  in  tiie  erosion, 
yet,  when  the  structure  occurs  among  conformable  strata,  evidently 
united  as  one  litholo^cally  continuous  series  of  deposits,  we  may 
reasonably  infer  that  the  missing  portions  are  of  smaU  moment,  and 
that  the  erosion  was  merely  due  to  the  irregular  and  more  violent 
action  of  the  very  currents  by  which  the  sediment  of  the  successive 
strata  was  supplied. 

The  case  is  very  different  when  the  eroded  strata  are  inclined  at 
a  different  angle  from  those  above  them,  and  are  strongly  marked  off 
by  lithologictd  distinctions.  In  some  of  the  coal-mmes  in  central 
Scotland,  for  instance,  deep  channels  have  been  met  with  entirely 
filled  with  sand,  gravel,  or  clay  belonpng  to  the  general  superficial 
drift  of  the  country.  These  channels  have  evidently  been  water- 
courses worn  out  of  the  Coal-measure  strata  at  a  compratively  recent 
geological  period,  and  subsequentlv  buried  under  tne  ^lacdal  accu- 
mulations. There  is  a  complete  discordance  between  diem  and  the 
palseozoic  strata  below,  pointing  to  the  existence  of  a  vast  interval 
of  time. 

Surface-markings. — R  ipple-mar  k. — ^The  surface  of  many  beds 
of  sandstone  is  marked  with  lines  of  wavy  ridge  and  hollow,  such  as 
may  be  seen  on  a  sandy  shore  from  which  the  tide  has  retired,  on 
the  floors  of  shallow  lakes  and  of  river  pools,  and  on  surfaces  of  dry 
wind-blown  sand.  Water  (or  air^  gently  agitated  in  a  given 
direction,  throws  the  surface  of  sediment  into  ripples,  which  tend 
to  run  at  right  angles  to  the  course  of  movement.  If  the  wind  blows 
vntii  little  variation  towards  a  ^iven  point,  the  sand  ripples  have  a 
long  gentle  slope  towards  the  wind,  ana  a  short  steep  slope  away  from 
it  (Fig.  196).  Considerable  diversity  in  the  form  of  the  ripple  (as  at 
ab  e  in  Fig.  197)  may  be  observed,  depending  on  conditions  of  wind, 
v?ater,  and  sediment  which  have  not  oeen  thoroughly  studied.  As 
the  wind  veers  from  point  to  point,  producing  corresponding  changes 
in  the  direction  of  the  water  currents,  the  ripples  on  the  bottom  are 
not  strictly  parallel,  but  often  coalesce,  intersect,  and  undulate  in 
their  course.  Their  general  direction,  however,  suffices  to  indicate 
the  quarter  whence  the  chief  movement  of  the  water  has  come.  No 
satisfactory  inference  can  be  drawn  from  the  existence  of  ripple-marks 
as  to  the  precise  depth  of  water  in  which  the  sediment  was 
accumulated.  As  a  rule,  it  is  in  water  of  only  a  few  feet  or  yards  in 
depth  that  this  characteristic  surface  is  formed.  But  it  may  be 
produced  at  any  depth  to  which  the  agitation  caused  by  wind  on  the 
upper  waters  may  extend  (p.  423). 

An  examination  of  a  sandy  beach  brings  before  us  many  modifica- 
tions of  the  perfect  ripple-mark.    The  ridges  may  be  seen  to  grow 
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more  and  more  notched  and  irregular,  until  at  last  the  beach  seems 
to  be  dotted  over  with  little,  flat,  dome-shaped  momids,  or  as  if  the 
ridges  of  the  ripple-mark  had  been  furroweaacrass.  These  modifica- 
tions may  be  due  to  the  partial  effacement  of  the  ridges  by  subse- 
quent action  of  the  water  agitated  by  wind  blowing  from  a  different 
quarter.  Such  indications  of  shallow-water  conditions  may  often  be 
observed  among  old  arenaceous  deposits,  as  in  the  Cambrian  and 
Silurian  rocks.  In  like  manner  we  may  frequently  detect,  among 
these  formations,  small  isolated  or  connectea  linear  ridges  (rilf 
marks)  directed  from  some  common  quarter,  like  the  current-marks 
frequently  to  be  found  behind  projecting  fragments  of  shell,  stones, 
or  bits  of  sea-weed  on  a  beach  from  which  the  tide  has  just  retired. 


Pio. 


196.— Plan  and  Sbotion  op 
RiFPLBD  Surface. 


Fig.  197.— Sections  of  Bipple-mabks. 


On  an  ordinary  beach  each  tide  usually  effaces  the  ripple-marks 
made  by  its  predecessor  and  leaves  a  new  series  to  be  obliterated  by 
the  next  tide.  But  where  the  markings  are  formed  in  water  which  is 
always  receiving  fresh  accumulations  of  sediment,  a  rippled  surface 
may  be  gently  overspread  by  the  descent  of  a  layer  of  sediment 
upon  it  and  may  thus  be  preserved.  Another  series  of  ripples  may 
then  be  made  in  the  overlying  layers,  which  in  turn  may  i>e  buried 
and  preserved  under  a  renewed  deposit  of  sand.  In  this  way  a 
considerable  thickness  of  such  ripple-marked  strata  may  be 
accumulated,  as  has  frequently  taken  place  among  geological 
formations  of  all  ages. 

Sun-cracks,  Rain-prints,  Vestiges  of  former  Shores. — 
One  of  the  most  fascinating  parts  of  the  work  of  a  field-geologist 
consists  in  tracing  tiie  shores  of  former  seas  and  lakes,  and  ^  in 
endeavouriDg  thereby  to  reconstruct  the  geography  of  successive 
geological  periods.  There  are  not  a  few  pieces  of  evidence,  which, 
though  in  themselves  individually  of  apparently  small  moment, 
combine  to  supply  him  with  reliable  data.  Among  these  he  lays 
special  emphasis  upon  the  proofs  that  daring  their  deposition  strata 
have  at  intervals  been  laid  oare  to  sun  and  air. 

The  nature  and  validity  of  the  arguments  founded  on  this  evidence 
will  be  best  realized  by  the  student  if  he  can  make  observations  at 
the  margin  of  the  sea,  or  of  any  inland  sheet  of  water,  which  from 
time  to  time  leaves  tracts  of  mud  or  fine  sand  exposed  to  sun  and 
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rain.  The  way  in  which  the  muddy  bottom  of  a  dried-up  pool 
cracks  into  polygonal  cakes  when  exposed  to  the  sun  may  be  illustrated 
abundantly  among  Bedimentary  rocks.  These  desiccation-cracks,  or 
8un-cracks  (Fig.  198),  could  not  have  been  produced  so  long  as  the 
sediment  lay  under  water.  Their  existence  therefore  among  any 
strata  proves  that  the  surface  of  rock  on  which  thev  lie  was  exposed  to 
the  air  and  dried  before  the  next  layer  of  water-borne'  sediment  was 
deposited  upon  it 


FlO.  198. — SUK-GBAOKED  SrBFAOB  OP  MuD  OR  MUDDY  SaND. 

With  these  markings  are  not  infrequentlv  associated  prints  of 
rain-drops.  The  familiar  effects  of  a  heavy  shower  upon  a  surface 
of  moist  sand  or  mud  may  be  witnessed  among  rocks  even  as  old  as 
parts  of  the  Cambrian  system.  In  some  cases  the  rain-prints  are 
found  to  be  ridged  up  on  one  side,  in  such  a  manner  as  to  indicate 
that  the  rain-drops  as  they  fell  were  driven  aslant  by  the  wind.  The 
prominent  side  of  the  markings  therefore  indicates  the  side  towards 
which  the  wind  blew. 

Numerous  proofs  of  shallow  shore-water,  and  likewise  of  exposure 
to  the  air,  are  supplied  by  markings  left  by  animals.  Castings,  tubular 
burrows,  and  trails  of  worms^  ti*acks  of  molluscs  and  crustaceans, 


Fig.  199.— FooTPBixTS  from  the  Tbiasbio  Sandstone  or  CJonniotiout  (Hitcboook). 

fin-marks  of  fishes,  footprints  of  reptiles,  birds,  and  mammals,  may 
all  be  preserved  and  give  their  evidence  regarding  the  physical  con- 
ditions under  which  sedimentary  formations  were  accumulated.  It 
may  frequently  be  noticed  that  such  impressions  are  associated  with 
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rippl^markB,  rain-prints,  or  snn-cracks  (Fig.  200) ;  so  that  more  than 
one  kind  of  evidence  may  be  gleaned  from  a  locality  to  show  that  it 
was  sometimes  laid  bare  of  water. 

These  more  striking  indications  of  littoral  conditions  being 
comparatively  infrequent^  the  geologist  most  usually  content  him- 
self with  tracing  the  gravelly  detritus,  which  suggests,  if  it  does  nut 


Fig.  200.— Footprints  and  Sun-cracks,  HtLDBCROHAUSEN',  Saxont  (Sickler). 

always  prove,  proximity  to  some  former  line  of  shore.  Such  a  section 
for  instance  as  that  depicted  in  Fig.  201  may  often  be  found,  where 
lower  strata  (a)  having  been  tilted,  raised  into  land,  and  worn  away, 
have  yielded  materials  for  a  coarse  littoral  boulder-bed  (6),  over  whicn, 
as  it  was  carried  down  into  deeper  and  clearer  water,  limestone 
eventually  accumulated.     Beds  of  conglomerate,  especially  where. 


/■X- 


Fio.  201. — Section  op  a  Beacb  of  early  Meso2oio  Age,  near  Clifton*  Bristol  (^.) 

a,  GarboniferotiB  limestone ;  h,  dolomitio  oonglomerate— a  mass  of  boalders  and  angular 
fragments  of  a  (some  of  tbem  almost  two  tons  in  weight),  passing  np  into  finer 
conglomerate  (?,  with  sandstone  and  marl,  and  thence  into  dolomitic  limestone  d. 

as  in  this  example,  thev  accompany  an  unconformability  in  the 
stratification,  ate  of  much  service  in  tracing  the  limits  of  ancient 
seas  and  lakes  (see  Part  X.). 

Gas-spurts. — The  surfaces  of  some  strata,  usually  of  a  dark 
colour  and  containing  organic  matter,  may  be  observed  to  be 
raised  into  little  heaps  of  various  indefinite  shapes,  not  like  the 
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heaps  associated  with  worm  burrowSy  connected  with  pipes  descend- 
ing into  the  rock,  nor  composed  of  different  material  m)m  the  sur- 
rounding sandstone  or  shale.  These  may  be  conjectured  to  be  due 
to  the  intermittent  escape  of  ^as  from  decomposm^  organic  matter 
in^the  original  sand  or  mud,  as  we  may  sometimes  witness  in 
operation  amon^  the  mud  flats  of  riyers  and  estuaries,  where  much 
organic  matter  is  decomposing  among  the  sediment.  On  a  small 
scflJe  these  protrusions  of  the  upper  surface  of  a  deposit  may  be 
compared  with  the  mud-lumps  at  the  mouths  of  tiie  Mississippi, 
already  described  (p.  386). 

Conoretions. — ^Many  sedimentary  rocks,  more  particularly  clays, 
ironstones,  and  limestones,  exhibit  a  concretionary  structure.  This 
arrangement  may  be  part  of  the  original  sedimentation,  or  may  be  due 
to  subsequent  segregation  from  decomposition  round  a  centre.  Con- 
cretionary structures  of  contemporaneous  origin,  particularly  in 
calcareous  materials,  may  lie  so  closely  adjacent  as  to  form  con- 
tinuous   or   nearly  continuous  beds  (Fig.  202).     The  magnesian 


VlO.  20*2. — SkcTIUN  of  ALTEBNATI0N8  OF  ShALK  AND  CONCBETIONABY  lilMESTONE  (J?.)* 

limestone  of  Durham  is  built  up  of  yariouslv  shaped  concretionary 

masses,  sometimes  like  cannon-balls,  grape-siiot,  or  bunches  of  coral. 

Connected  with  concretionary  beds 

are  the  seams  of   gypsum,  which 

may  occasionally    be    obseryed    to 

send  out  yeins  into  other  gypsum 

beds  aboye  and  below  them.     De 

la  Beche    describes    a  section    at 

Watchet,  Somersetshire  wher^  Fio.  208.-^iarioN  of  Beds  akd  coy- 

the  old  Tnassic  marls  (o  b  m  Fig.      Nscmro   sntnfos    of    Gtfsuv  nr 

203),  beds  of  gypsum  (a  a)  connect     the   Tiiia8,   Watcmkt,  Somebset. 

themselyes    by   means   of    fibrous     **"°"^  ^^'^' 

yeins  with  the  oyerlying  and  underlying  beds. 

The  most  frequent  form  of  concretions  is  that  of  isolated  spherical, 
elliptical,  or  yariously  shaped  nodules,  disposed  in  oertam  layers 
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of  a  stratum  or  dispersed  irregularly  through  it  "(Fig.  204). 
They  most  commonly  consist  of  ferrous  or  calcic  carbonates,  or 
of  silica.  Many  clay-ironstone  beds  assume  a  nodular  form,  and 
this  mineral  occurs  abundantly  in  the  shape  of  separate  nodules  in 
shales  and  clay-rocks.  The  nodules  have  frequently  formed 
round  some  orginic  body,  such  as  a  frao:ment  of  plant,  a  shell,  bone, 
or  coprolite.  That  the  carbonate  was  slowly  precipitated  during  tbe 
formation  of  the  bed  of  sbale  in  which  its  nodules  lie  may  often  be  satis- 
factorily proved  by  the  lines  of  deposit  passing  continuously  through 
the  nodules  (Fig.  205).    In  many  cases  the  internal  first-formed  parts 


FlO.  205.— CONCRBTIONS   SCBBOrKD- 

iKO  Oboanic  Centbes,  ahd  kx- 

FlO.  204. — COKCRETIONS  OF  L1UE8TONE  HIBITINO    THE    OaNTIHUATIOK    Of 

IN  SlIALK.  THB  LlNKB  OF  StBATETICATION  OF 

THE  8CRB0CNDINO  ShALES. 

of  a  nodule  have  contracted  more  than  the  outer  and  more  compact 
crust;  and  have  cracked  into  open  polygonal  spaces  which  are  com- 
monly filled  with  calcite  (Fig.  30).  Sucn  septarian  nodtUes,  whether 
composed  of  clay-ironstone  or  limestone,  are  abundant  in  many  shales, 
as  in  tbe  Carboniferous  and  Liassic  series  of  England. 

Alluvial  clays  sometimes  contain  fantastically  shaped  concretions 
due  to  the  consolidation  of  the  clay  by  a  calcareous  or  ferruginous 
cement  round  a  centre.  These  are  known  in  Scotland  as  fairy- 
stones,  in  the  Valley  of  the  Ehine  as  Loss-puppen,  Loss-mancheo, 
and  in  Finland  as  Imatra-stones  (Fig.  206).  They  not  uncommonly 
show  the  bedding  of  the  clay  in  which  they  may  bave  been  formed. 
Their  quaint  imitative  forms  have  naturalljr  given  rise  to  a 
popular  belief  that  they  are  petrifactions  of  various  kinds  of  organic 
bodies  and  even  of  articles  of  himian  manufEkcture.  In  Norway  they 
enclose  remains  of  fishes  and  other  organisms.^ 

Concretions  of  silica  occur  in  limestone  of  many  geological  ages 
(p.  117).  The  flints  of  the  English  chalk  are  a  familiar  example, 
but  similar  siliceous  concretions  occur  in  Carboniferous  and  Lower 
Silurian  limestones.  The  silica  in  these  cases  has  not  infrequently 
been  deposited  round  organic  bodies,  such  as  sponges,  sea-urchins, 
and  moltusca,  which  are  completely  enveloped  in  it,  and  have  even 
themselves  been  silicified.  Iron-aisulphide  often  assumes  the  form 
of  concretions,  more  particularly  among  clay-rocks,  and  these,  though 
presenting  many  eccentricities  of  shape — round  like  pistol-shot  or 
cannon-balls  kidney-shaped,  botryoidal,  &c. — ^ree  in  usually  pos- 
sessing an  internal  fibrous  radiated  structure,  rhosphate  of  hme  is 
found  as  concretions  in  formations  where  the  eoprolites  and  bones  of 
reptiles  and  other  animals  have  been  collected  together. 

Concretions  produced  subsequently  to  the  formation  of  tlie  rock 
■  Kjerulf,  **  Gcologie  des  siidl.  nnd  mittl.  Norwegens"  (1S80X  p.  5. 
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occur  in  some  sandstoueSy  which,  whea  exposed  to  the  weather, 
decompose  into  large  round  balls.  In  otner  instances,  a  fer- 
^ginous  cement  is  gradually  aggregated  by  percolating  water  in  lines 
which  curve  round  so  as  to  enclose  portions  of  the  rock.  These 
lines,  owing  to  abstraction  of  iron  from  within  the  spheroid  and 
partly  from  without,  harden  into  dark  crusts,  inside  oi'  which  the 
sandstone  becomes  quite  bleached  and  soft.^  Some  shales  exhibit  a 
concretionary  structure  in  a  still  more  striking  manner,  inasmuch  as 
the  concretions  consist  of  the  general  mass  of  the  laminated  shale. 


Fig.  20G.— Clay  Goncretiokb  op  Alluvium.    (Nat.  size.) 

and  the  lines  of  stratification  pass  through  them  and  mark  them  out 
distinctly  as  superinduced  upon  the  rock.  Examples  of  this  structure 
are  not  infrequent  among  the  argillaceous  strata  of  the  Carboniferous 
system.  The  concretionary  oUve-green  shales  and  mudstones  of 
the  Ludlow  group,  in  the  Upper  Silurian  system,  exhibit  on  weathered 
surfaces,  all  the  way  from  South  Wales  into  central  Scotland,  a 
peculiar  structure  which  consists  in  the  deyelopment  of  concentric 
spheroids  yarying  from  less  than  an  inch  up  to  seyeral  feet  in  diameter, 
tne  successiye  shells  bein^  separated  from  each  other  by  a  fine  dark 
ferruginous  film.  The  Imes  of  stratification  are  sometimes  well 
marked  by  layers  of  fossils,  but  the  rock  splits  up  mainly  along 
the  curved  surfaces  separating  the  concentric  shells.    Concretionary 

>  See  Peiiuing,  QeoL  Mag,  Dec.  2,  iii.  May,  1870. 
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structures  are  found  also  in  rocks  formed  from  chemical  precipitation, 
as  for  instance  in  beds  of  rock-salt.  The  pseudo-concretions  probably 
due  to  pressure  (styl elites)  have  been  already  described  (p.  313). 


Fig.  207.— Concbktionaby  Structure  in  Upper  Silurian  Shai.bb,  Cwm-pdu, 
Llanoamhabcth,  Bbeckkockshirb  (B,), 

Alternations  and  Associations  of  Strata. — Though  great 
variations  occur  in  the  nature  of  the  strata  composing  a  mass  of 
sedimentary  rocks,  it  may  often  be  observed  that  certain  repetitions 
occur.  Sandstones,  for  example,  are  found  to  be  interleaved  mth 
shale  above,  and  then  to  pass  into  shale ;  the  latter  may  in  turn 
become  sandy  at  the  top  and  be  finally  covered  by  sandstone,  or 
may  assume  a  calcareous  character  and  pass  up  into  limestone. 
Such  alternations  bring  before  us  the  conditions  under  which  the 
sedimentation  took  place.  A  sandstone  group  indicates  water  of 
comparatively  little  depth,  moved  by  changing  currents,  bringing; 
the  sand  now  from  one  side  now  from  another.  The  passage  of  such 
a  group  into  one  of  shale  points  to  a  diminution  in  the  motion  and 
transporting  power  of  the  water,  perhaps  to  a  sinking^  of  the  tract, 
so  that  only  fine  mud  was  intermittently  brought  into  it.  The 
advent  of  limestone  above  the  shale  serves  to  show  that  the  water 
cleared,  owing  to  a  deflection  of  the  sediment-carrying  currents,  or  to 
continued  and  perhaps  more  rapid  subsidence,  and  that  foraminifera, 
corals,  crinoids,  mollusca,  or  otner  lime-secreting  organisms,  estab- 
lished themselves  upon  the  spot.  Shale  overlying  the  limestone 
would  tell  of  fresh  inroads  of  mud,  which  destroyed  the  animal  life 
that  had  been  flourishing  on  the  bottom ;  while  a  return  of  sandstone 
beds  would  mark  how,  in  the  course  of  time,  the  original  conditions 
of  troubled  currents  and  shifting  sandbanks  returned.  Such  alterna- 
ting groups  of  sandy,  calcareous,  and  argillaceous  strata  are  well 
illustrated  among  the  Jurassic  formations  of  England  (Fig.  208). 

Certain  kinds  of  strata  commonly  occur  together,  b^use  the 
conditions  under  which  they  were  formed  were  apt  to  arise  in  succes- 
sion. One  of  the  most  familiar  examples  is  the  association  of  coal 
and  fire-clay.  A  seam  of  coal  is  almost  invariably  found  to  lie  on  a 
bed  of  fire-clay,  or  on  some  argillaceous  stratum.  The  reason  of  this 
union  becomes  at  once  apparent  when  we  learn  that  the  fire-clav 
was  the  soil  on  which  the  plants  grew  that  went  to  form  the  coal* 
Where  the  clay  was  laid  down  under  suitable  circumstanceSi  vegeta* 
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iioa  sprang  up  upon  it.  This  aopears  to  have  taken  place  in  wide 
shallow  lagoon-like  expansions  of  tne  sea,  bordering  lana  clothed  with 
dense  v^etation,  and  to  have  been  accompanied  by  slow,  intermittent 
bnt  prolonged  subsidence  of  the  sea-bottom.     Hence,  during  pauses 


Fig.  208. — SconoK  of  Strata  vrom  the  Baae  of  the  Lias  to  the  Top  of  the 
Trias,  Shepton  Mallet  (B.), 

a,  Grcnr  Lias  limestone  and  marls ;  6,  earthy  whitish  limestone  and  marls ;  c,  earthy 
wbite  limeetone ;  d,  arenaceous  limestone ;  /,  grey  marls ;  g,  red  marls ;  h,  Band- 
stone  with  caloareods  cement ;  t,  bine  marl ;  h,  red  marl ;  2,  blue  marl ;  m,  rod 
marls. 

of  the  downward  movement,  when  the  water  shoaled,  an  abundant 

Eowth  of  water-loving  or  marshy  plants  sprang  up  on  the  muddy 
ttom,  somewhat  like  the  mangroye  swamps  of  the  present  day,  and 
continued  to  flourish  until  the  muddy  soil  was  exhausted,^  or  until 
subsidence  recommenced  and  the  matted  jungles,  carried  under  the 
water,  were  buried  under  fresh  inroads  of  sand  or  mud.  Every  coal- 
field contains  a  succession  of  buried  forests  with  a  constant  repetition 
of  the  same  kinds  of  intervening  strata  (Fig.  209). 

For  obvious  reasons  conglomerate  and  sandstone  occur  together 
rather  than  conglomerate  and  shale.  The  agitation  of  the  water 
which  could  form  and  deposit  coarse  detritus,  like  that  composing 
conglomerate,  was  too  great  to  admit  of  the  accumulation  of  fine  silt. 
On  the  other  hand,  we  may  look  for  shale  or  clay  rather  than  sand- 
stone as  an  accompaniment  of  limestone,  inasmuch  as  when  the  gentle 
currents  by  whicn  fine  argillaceous  silt  was  carried  in  suspension 
ceased,  they  would  be  succeeded  by  intervals  of  quiet  clearing  of  the 
water,  during  which  calcareous  material  might  Be  elaborated  either 
chemically  or  by  the  action  of  living  organisms. 

Relative  persistence  of  Strata.— A  little  reflection  will  con- 
vince the  student  that  all  sedimentary  rocks  must  thin  out  and  dis* 
appear,. and  that  even  the  most  persistent,  when  regarded  on  the 
great  scale,  are  local  and  lenticular  accumulations.  Derived  from 
the  degradation  of  laud,  they  have  always  accumulated  near  land. 
They  are  necessarily  thickest  in  mass  as  well  as  coarsest  in  texture 
nearest  to  the  source  of  supply,  and  become  more  attenuated  and 
fine-grained  as  they  recede  from  it.    We  have  only  to  observe  what 

*  BterryHont  hascaUed  attention  to  the  fact  that  the  underclavsof  the  Coal-^measurcs 
hmTO  generaUy  been  deprived  of  their  alkalies  by  the  yegetable  growth  which  they 
supported. 
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takes  place  at  the  present  time  on  lake-bottoms,  estuaries,  or  sea- 
margins  to  be  assured  that  this  is  now,  and  must  always  have  been, 
the  Taw  of  sedimentation. 

But  while  all  sedimentary  deposits  must  be  regarded  as  essen- 


Fig.  209.— Succession  of  Buried  Coal    Growths  and  Ekect  TREB-sTmri,  Sydney 
CoAL-FiELD,  Cape  Breton  (R.  Bbown).' 

tty  sandstones ;  h,  sbolcs ;  c,  coal-seams ;  d,  beds  containing  roots  and  stumps  in  nlu. 

tially  local,  some  kinds  possess  a  far  greater  persistence  than  others. 
As  a  general  rule  it  may  be  said  that  the  coarser  the  grain  the  more 
local  the  extent  of  a  rock.  Conglomerates  are  thus  by  much  the 
most  variable  and  inconstant  of  all  sedimentary  formations.  They 
suddenly  sink  down  from  a  thickness  of  several  hundred  feet  to  a 
few  yards,  or  die  out  altogether,  to  reappear  perhaps  further  on,  in 
the  same  wedge-like  fashion.  Sandstones  are  less  liable  to  such 
extremes  of  inconstancy,  but  they  too  are  apt  to  thin  away  and  to 
swell  out  again.  Shales  are  much  more  persistent,  the  same  zone 
being  often  traceable  for  many  miles.  Limestones  sometimes  occur 
in  tnick  local  masses,  as  among  the  Silurian  formations,  but  they 
often  also  display  remarkable  continuity.  Three  thin  limestone 
bands,  each  of  them  only  two  or  three  feet  in  thickness,  and  separated 

*  8eo  R.  Brown,  Quart.  Joum.  QeoL  Soe,  vi.  p.  115,  and  De  la  Beche,  '^Geol. 
Obtenor;*  p.  505. 
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by  a  considerable  thickness  of  intervening  sandstones  and  shales, 
can  be  traced  through  the  coal-fields  of  central  Scotland  over  an 
area  of  at  least  1000  square  miles.  Coal-seams  also  possess  great 
persistence.  The  same  seams,  varying  slightly  in  thickness  and 
quality,  may  often  be  traced  throughout  the  whole  of  an  extensive 
coal-field. 

What  is  thus  true  of  individual  strata  may  be  afiSrmed  also  of 
groups  of  such  strata.  A  thick  mass  of  sandstone  will  be  found  as  a 
rule  to  be  more  continuous  than  one  of  conglomerate,  but  less  so 
than  one  of  shale.  A  series  of  limestone-beds  usually  stretches 
further  than  either  arenaceous  or  argillaceous  sediments.  But 
even  to  the  most  extensive  stratum  or  group  of  strata  there  must  be  a 
limit  It  must  end  off  and  give  place  to  others,  either  suddenly,  as 
a  bank  of  shingle  is  succeed^  by  the  sheet  of  sand  heaped  against 
its  base,  or,  as  is  more  usual,  very  gradually,  by  insensioly  passing 
into  other  strata  on  all  sides. 

Great  variations  in  the  character  of  stratified  rocks  may  fre- 
quently be  observed  in  passing  from  one  part  of  a  country  to  another 
along  the  outcrop  of  the  same  rocks.  Thus  at  one  end  we  may  meet 
with  a  thick  series  of  sandstones  which,  traced  in  a  certain  direction. 


Via,  210.— Section  to  illi:8trate  the  gbeat  lithological  diffebekces  op 

GONTEMFOBANEOUS  DEPOfilTS  OCCUPYING  THE  SAME  HORIZON. 

o,  oonglomerate ;  h,  saDdstone ;  c,  shale ;  r2,  limestone. 

may  be  found  passing  into  shales  (Fig.  210).  A  group  of  strata 
may  consist  of  massive  conglomerates  at  one  locality,  and  may 
graduate  into  fine  fissile  flagstones  in  another.  A  thick  mass  of  clay 
may  be  found  to  alternate  more  and  more  with  shelly  sands  as  it  is 
traced  outward,  until  it  loses  its  argillaceous  nature  altogether. 


Fig.  211. — Section  near  Bristol  to  show  how  Ck)NGLOH£RATE  may  pass  into 
Clat  along  the  same  Horizon. 

B.  Blaize  Castle  Hill;  s,  Mount  Skitham  (B.). 

Interesting  illustrations  of  such  arrangements  occur  in  the  south-west 
of  England,  where  what  are  now  groups  of  hiils,  like  the  Mendip, 
Malvern,  and  other  eminences,  formerly  existed  as  islands  in  the 
Mesozoic  sea.  De  la  Beche  pointed  out  that  the  upturned  Car- 
boniferous limestone  (a  a  in  Fig.  211)  has  formed  the  shore  against 
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which  the  coarse  shingle  of  the  dolomitic  conglomerate  (b  b)  accn- 
mnlated ;  that  the  latter,  traced  away  from  its  shore-line,  Dasses  on 
the  same  plane  into  red  marl  (e),  and  that  daring  a  graanal  sub- 
sidence, the  clays  and  limestones  of  the  Lias  (d)  crept  over  the 
depressed  shore-line.  He  likewise  called  attention  to  the  important 
fact  that,  in  such  cases,  a  continuons  zone  of  conglomerate  may 
belong  to  many  snccessiye  horizons.  In  Fig.  212  a  section  is  given 
from  one  of  the  islands  in  the  south-west  of  England,  round  which 
the  Trias  and  Lias  were  deposited.  Denudation  has  stripped  off  a 
portion  of  the  overlying  red  marls.  If  the  rest  of  the  section  to  the 
left  of  the  dotted  line  d  d  were  removed,  there  would  remain  a 
continuous  mass  of  conglomerate,  which,  in  de&ult  of  other  evidence 
to  the  contrary,  would  be  regarded  as  one  bed  laid  down  upon  the 
sloping  surface  of  limestone,  instead  of  what  it  really  is,  a  series  of 
shore  gravels  piled  upon  each  other,  and  belonging  to  a  consecutive 
series  of  deposits. 

Mere  difference  of  lithological  character,  even  within  a  b'mited 
geographical  space,  does  not  necessarily  mean  diversity  of  age.  At 
the  present  time  coarse  shingle  may  be  formed  along  the  beach  at 


Fio.  212.—- Section  of  Part  of  the  Fijikk  of  tbe  IIendip  Hills  (B,\ 

sbowing  the  Oazboniferoiis  Limettone  (a  a)  overlaid  by  dolomitic  oonglomeimte  (b  h) 
and  that  by  red  marls  (c). 

the  same  time  that  the  finest  mud  is  being  laid  down  on  the  same 
sea-bottom  further  from  land.  The  existing  differences  of  character 
between  the  deposits  of  the  shore  and  of  the  opener  sea  would  no 
doubt  continue  to  be  maintained,  with  slight  geographical  displace- 
ments, even  if  the  whole  area  were  undereoin^  subsidence,  so  that 
a  thiok  group  of  littoral  beds  might  gauier  in  one  tract  and  of 
deeper-water  acccumulations  at  another.  Among  the  formations 
of  former  geological  periods  the  same  conditions  of  deposit  apnear 
sometimes  to  have  continued  for  enormous  periods.  The  thick  Car- 
boniferous Limestone  of  western  Europe  evidently  accumulated 
during  a  slow  subsidence,  when  the  same  conditions  of  clear  water 
with  abundant  growth  of  crinoids,  corals,  &c.,  continued  for  a  period 
vast  enough  to  admit  of  the  gradual  erowth  of  thousands  of  ^t  of 
calcareous  matter.  Traced  northwards  into  Scotland  this  massive 
limestone  is  gradually  replaced  by  sandstones,  shales,  ironstones, 
and  coal-seams.  These  strata  prove  that  the  deeper  and  clearer 
water  of  Belj^ium,  central  England,  and  Ireland  passed  northwards 
into  muddy  Saia  and  sandy  shcmls,  which  at  one  time  were  overspread 
with  coal-growths,  and  at  another,  owing  to  more  rapid  subaiaence, 
were  depressed  beneath  the  clearer  sea  which  brought  with  it  the 
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corals,  crinoidsy  molluscs,  &c.,  whose  remains  are  now  to  be  seen  in 
intercalations  of  crinoidal  limestone. 

Overlap. — Sediment  laid  down  in  a  subsiding  region  wherein 
the  area  of  deposit  is  gradually  increased,  spreads  over  a  progressively 
augmenting  surface.  Under  such  circumstances,  the  later  portions 
of  a  formation  or  series  of  sedimentary  accumulations  will  extend 
beyond  the  limits  of  the  older  parts,  and  will  repose  directly  upon 
the  shelving  bottom,  with  none  of  these  older  strata  underneath 
them.  This  relation,  called  Overlap  (Fig.  213),  in  which  the  higher 
or  newer  members  are  said  to  "  overlap  '  the  older,  may  often  be 
detected  among  formations  of  all  geological  ages.  It  brmgs  before 
us  the  shore-line  of  ancient  land-surfaces,  and  shows  how,  as  these 
sank  under  water,  the  gravels,  sands,  and  silts  gradually  advanced 
and  covered  them. 


Fig.  213.— Sectios  or  Otbblap  in  thb  Lowkb  Jurabsio  Sebies  op  the 

S0UTH-WB3T  OF  ENGLAND  (B.), 

Tbe  Old  Bed  Saadstone  (0),  Lower  Limestone  Bhale  (5),  and  Oarboniferons  Limettono 
(a)  haTing  been  preyioiuly  upraised  and  denuded,  the  older  beaches  (d  m)  laid 
down  upon  them  were  snooessiYely  oovered  by  conformable  Jnrasric  beds.  The 
Jam  (6),  with  its  upper  sands  (f),  is  oyerlapped  by  the  extension  of  the  Inferior 
Oolite  (a)  completely  across  the&  edges  until  this  formation  comes  to  rest  directly 
cm  the  Fal»ozoio  strata  at  n.  The  corresponding  extension  of  the  overlying  Fuller's 
earth  (h  I)  and  limestone  (Q  has  been  removed  by  denudation.* 

Relative  Lapse  of  Time  represented  by  Strata  and  by  the 
Inteirals  between  them. — Of  the  absolute  len^h  of  time  repre- 
sented by  any  strata  or  groups  of  strata  no  satisfactory  estimates 
have  yet  been  possible.  Certain  general  conclusions  may  indeed  be 
drawn,  and  comparisons  may  be  made  between  different  series  of 
rocks.  Sandstones  full  of  false-bedding  were  probably  accumulated 
more  rapidly  than  finely-laminated  shales  or  clays.  It  is  not  un- 
common in  certain  Carl)oniferous  sandstones  to  find  huge  sigillarioid 
and  coniferous  trunks  imbedded  in  upright  or  inclined  positions. 
Where,  as  in  Fig.  214,  the  trees  actually  grew  on  the  spot  where 
their  stems  remain,  it  is  evident  that  the  rate  of  deposit  of  the  sedi- 
ment which  entombed  them  must  have  been  sufuciently  rapid  to 
have  allowed  a  mass  of  twenty  or  thirty  feet  to  accumulate  before 
the  decay  of  the  wood.  Of  the  durability  of  these  ancient  trees  we 
of  course  know  nothing;  though  modern, instances  are  on  record 
where,  under  certain  circumstances,  submerged  trees  may  last  for 
some  centuries.  We  may  conjecture  that  where  stems  are  enveloped 
in  one  continuous  stratum,  the  rate  of  accumulation  was  probably,  on 
the  whole,  somewhat  rapid.  Tbe  general  character  of  the  strata 
among  which  such  erect  tree  trunks  occur  obviously  indicates  ex- 

»  De  la  Beche,  «  Geol.  Observer,"  p.  485. 
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tremely  shallow  water  conditions  with  continnons  or  intermittent 
subsidence.  Unless  soon  sabmerged,  dead  trees  would  be  subject  to 
speedy  decomposition.  It  occasionally  happens  that  an  erect  trunk 
has  kept  its  iK>sition  even  during  the  accumulation  of  a  series  of  strata 


Fig.  214. — Elect  Tbukkb  of  Sioillj^bia  in  Sakdstoxe,  Cwm  Llech,  Head  of 
Swansea  Vallet,  Glaxoboanbhibe.    (Dbawn  by  the  latb  Sib  W.  E.  Loo  an.) 

Thefse  tiena  (the  largest  51  feet  in  ciicnmferenoe)  formed  part  of  a  seriea  i^  4h« 
same  rook,  their  roots  being  imbedded  in  a  seam  of  shale  (an  old  soil)  Ml  ^> 
fern-leaves,  &c.  The  speoimens  were  removed  to  the  Museum  of  the  Roynl 
Institution  of  South  Wales  at  Swansea.* 

around  it  (Fig.  215).  We  can  hardly  believe  that  in  such  cases  any 
conBiderable  number  of  years  could  have  elapsed  between  the  death 
of  the  tree  and  its  final  entombment  From  the  decayed  condition 
of  the  interior  of  some  imbedded  trees,  we  may  likewise  infer  that 
accumulation  of  sediment  is  not  always  an  extremely  slow  process. 
Instances  occur  where,  as  in  Fig.  216,  while  sand  and  mud  have  been 
accumulating  round  the  submerged  stem  its  interior  has  been  rotting, 
so  that  eventually  a  mere  hollow  cylinder  has  been  left,  into  which 
sediment  and  different  plants  (sometimes  with  the  bodies  of  lftn|* 
animals)  were  introduced  from  above.^  Large  coniferous  trunks 
(as  in  the  neighbourhood  of  Edinburgh)  have  been  imbedded  m 
sandstone,  and  have  had  their  interaal  microscopic  stnicture  weU 
preserved.  In  such  examples  the  drifted  trees  seem  to  have  sunk 
with  their  heavier  or  root-end  touching  tlie  bottom,  and  their  upper 
end  pointing  upward  in  the  direction  of  the  current,  like  the  snags 

*  De  la  Beohe,  op.  ciL  p.  501.  l 

«  The  hollow  tree-trunks  of  the  Nova  Scotian  coal-fields  have  yieWed  a  raon 
icteresting  series  of  terrestrial  organisms — land-snails  and  reptiles. 
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of  tbe  Mississippi,  and  to  have  been  completely  buried  in  sediment 
before  decay. 

Continuous  layers  of  the  same  kind  of  deposit  suggest  a  per- 
sistence of  geological  ccmditions ;  numerous  alternations  of  different 


Fig.  215.~Ebxot  Tbbe-tbunk  bisixg  thbough  a  Succession  of  Stbata» 

KiLLINOWOBTH  COLLIEBT,  NbWOABTLB  (£.)• 

a^  High  Main  Goal-seam;  6,  bituminous  sliale;  0,blae  shale;  d,  compact  sandstone; 
e,  shales  and  sandstones ;  /,  white  sandstones ;  y,  mioaoeons  sandstone ;  hi,  shale. 

kinds  of  sedimentary  matter  point  to  vicissitudes  or  alternations  of 
conditions.  As  a  ruley  we  should  infer  that  the  time  renresented  by 
a  given  thickness  of  similar  strata  was  less  than  that  shown  by  the 
same  thickness  of  dissimilar  strata,  because  the  changes  needed  to 
brine  new  varieties  of  sediment  into  the  area  of  deposit  would 
usually  require  the  lapse  of  some  time  for  their  completion.    But 


Fio.  216. — Erect  Treb-Trunk  (a  a)  imiKDDBD  m  Sandstones  (c  e)  and  Shales 
(d  d),  ITS  Interior  filled  with  ddterrnt  Sandy  and  Olatbt  Strata,  and  the 

WHOLE  covered  BT  A  SANDSTONE  BeD  (&)  {B,), 

this  conclusion  might  often  be  erroneous.  It  would  be  best  supported 
when,  from  the  very  nature  of  the  rocks,  wide  variations  in  the 
character  of  the  water-bottom  could  be  established.  Thus  a  group  of 
shales  followed  by  a  fossiliferous  limestone  would  mark  a  perioa  of 

2  K 
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slow  deposit  and  quiescence,  almost  always  of  longer  duration  than 
would  be  indicated  by  an  equal  depth  of  sandy  strata,  pointing  to 
more  active  sedimentation.  Thick  limestones  made  up  of  organic 
remains  which  lived  and  died  upon  the  spot,  and  whose  remains  are 
crowded  together  generation  above  generation,  must  have  demanded 
prolonged  periods  for  their  formation. 

But  in  all  speculations  of  this  kind  we  must  bear  in  mind  that 
the  relative  length  of  time  represented  by  a  given  depth  of  strata  is 
not  to  be  estimated  merely  from  thickness  or  lithological  characters. 
It  has  already  been  pointed  out  that  the  interval  between  the  deposit 
of  two  successive  laminae  of  shale  may  have  been  as  long  as,  or  even 
longer  than,  that  required  for  the  formation  of  one  of  the  laminae. 
In  like  manner,  the  interval  needed  for  the  transition  from  one 
stratum  or  kind  of  strata  to  another  may  often  have  been  more  than 
equal  to  the  time  required  for  the  formation  of  the  strata  on  either 
side.  But  the  relative  chronological  importance  of  the  bars  or  lines 
in  the  geological  record  can  seldom  be  satisfactorily  discu^ed  merely 
on  lithological  grounds.  This  must  mainly  be  decided  on  the  evidence 
of  organic  remains,  as  will  be  shown  in  Book  Y.  By  this  kind  of  evi- 
dence it  can  be  made  nearly  certain  that  the  intervals  represented  bv 
strata  were  in  many  cases  much  shorter  than  those  not  so  represented, 
— in  other  words,  that  the  time  during  which  no  deposit  of  sediment 
went  on  was  longer  than  that  wherein  deposit  did  take  place. 

Temaiy  Suooession  of  Strata. — In  following  the  order  of 
sedimentation  amon^  the  stratified  rocks  of  the  earth's  crust,  tlie 
observer  will  be  led  to  remark  a  more  or  less  distinct  threefold 
arrangement  or  succession  in  which  the  sandy,  mudd^  and  calcareoas 
sediments  have  followed  each  other.  Professor  Phillips  and  Mr.  HoU 
have  called  attention  to  this  structure,  illustrating  it  hj  reference 
to  the  geological  formations  of  Great  Britain,  while  Professor 
Newberry,  Dr.  Sterry  Hunt,  and  Principal  Dawson  have  discussed 
it  in  relation  to  the  stratigraphical  series  of  North  America.  Ac- 
cording  to  Mr.  Hull  a  natural  cycle  of  sedimentation  consists  of  three 
phases :  1st,  a  lower  stage  of  sandstones,  shales,  and  other  sedimentary 
deposits,  representing  {prevalence  of  land  with  downward  movement ; 
2ud,  a  middle  stage,  chiefly  of  limestone,  representing  prevalence  of 
sea  with  general  quiescence  and  elaboration  of  calcareous  organic 
formations ;  3rd,  an  upper  stage,  once  more  of  mechanical  sediments 
indicative  of  proximity  to  land.^  Where  the  strata  are  interrupted 
by  disturbance  and  unconformability,  we  may  suppose  the  cycle  of 
sedimentation  to  have  been  completed  bv  upheaval  after  prolonged 
subsidence.  But  where  the  continuity  of  the  formations  is  unbroken, 
as  it  is  over  such  vast  tracts  in  North  America,  upheaval  is  not  re- 
quired, and  the  facts  seem  ei^plicable,  as  Phillips  long  ago  showed,  on 

>  PhUlipi,  Mem.  OeoL  8urv.  it;  ^Geol.  Yorkahire,**  ii;  •* GooL  Oxfotd,- p.  29S : 
HoU,  Quart.  Joum.  8ci.  July,  1869;  Newberry,  Proe.  Amer.  A$$oe.  1873,  pw  185; 
Uont,  Otoiogy  of  Canada^  186.%  p.  627;  Amer.  Joum.  8ei.  (2iul  gerietX  ZXXY.  p.  167; 
DawMm,  Q.  /  QeoL  8oe.  xxiu  p.  102 ;  Acadian  Otology,  p.  185. 
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the  idea  of  prolonged  but  intermittent  subsidence.  Let  us  suppose  a 
downward  moyement  to  commence,  and  to  depress  successive  sheets  of 
gravely  shingle,  sand,  and  otBer  shallow  water  accumulations,  derived 
from  the  erosion  of  neighbouring  land.  If  the  depression  be  com- 
paratively rapid,  the  bottom  may  soon  be  carried  beyond  the  reach  of 
at  least  the  coarser  kinds  of  sediment,  and  marine  lime-secreting 
organisms  may  afterwards  begin  to  form  a  calcareous  floor  beneath  the 
sea.  Let  us  imagine  further,  that  the  subsidence  ceases  for  a  time, 
and  that  by  the  accumulation  of  organic  remains  and  partlyalso  bv 
the  deposit  of  fine  muddy  sediment,  the  water  is  shallowed*  With  this 
gradual  change  of  depth,  the  coarser  detritus  begins  once  more  to  be 
able  to  stretch  seawards,  and  to  overspread  the  limestones,  which,  under 
the  altered  circumstances,  cease  to  be  formed.  A  gradual  silting  up  of 
the  area  takes  place,  marked  by  beds  of  sand  and  mud,  until  a  renewal 
of  the  subsidence,  either  suddenly  or  slowly,  restores  the  previous 
depth  and  clearness  of  water,  and  allows  either  the  old  marine 
organisms,  which  had  been  driven  off,  or  their  modified  descendants 
to  reoccupy  the  area  and  build  new  limestone. 

Groups  of  Strata. — Passing  from  individual  strata  to  large 
masses  of  stratified  rock,  the  geologist  finds  it  needful  for  convenience 
of  reference  to  subdivide  these  into  groups.  He  avails  himself  of  two 
bases  of  classification— (1)  lithologicnl  characters,  and  (2)  organic 
remains. 

1.  The  subdivision  of  stratified  rocks  into  groups  according  to  their 
mineral  aspect  is  an  obvious  and  easily  applied  classification*  More- 
over, it  often  serves  to  connect  together  rocks  formed  continuously 
in  certain  circumstances  which  differed  from  those  under  which  the 
strata  above  and  below  were  laid  down — so  that  it  expresses  natural 
and  original  subdivisions  of  strata.  Li  the  middle  of  the  English 
Carboniferous  system  of  rocks,  for  example,  a  zone  of  sandy  and 
pebbly  beds  occurs,  known  as  the  Millstone  Grit.  No  abrupt  and 
sharp  line  can  be  drawn  between  these  strata  and  those  above  and 
below  them.  They  shade  upward  and  downward  into  the  beds 
between  which  they  lie.  Tet  they  form  a  conspicuous  belt,  traceable 
for  many  miles  by  the  scenery  to  which  it  gives  rise.  The  red  rocks 
of  central  England,  with  their  red  sandstones,  marls,  rock-salt,  and 
gypsum,  form  likewise  a  well-marked  group  or  rather  series  of 
groups.  It  is  obvious,  however,  that  characters  of  this  kind,  though 
sometimes  wonderfully  persistent  over  wide  tracts  of  country,  must 
be  at  best  but  local.  Tne  physical  conditions  of  deposit  must  always 
have  been  limited  in  extent.  A  group  of  strata  showing  great 
thickness  in  one  region  will  be  found  to  die  away  as  it  is  traced  into 
another.  Or  its  place  is  gradually  taken  by  another  group  which, 
even  if  geologically  contemporaneous,  possesses  totally  different 
lithological  characters.  Just  as  at  the  present  time  a  group  of  sandy 
deposits  gradually  gives  place  alon^  the  sea-floor  to  others  of  mud, 
and  these  to  others  of  shells  or  of  gravel,  so  in  former  geological 
•periods  contemporaneous  deposits  were  not  always  lithologically 
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similar.  Hence  mere  resemblance  in  mineral  aspect  usnally  cannot 
be  regarded  as  satisfactory  evidence  of  contemporaneity  except 
within  comparatively  contracted  areas.  The  Carooniferons  Lime- 
stone has  already  (p.  494)  been  cited  as  a  notable  example.  Typi- 
cally in  Belgium,  Central  England,  and  Ireland,  it  is  a  thick  cal- 
careous group  of  rocks,  full  of  corals,  crinoids,  and  other  organismSy 
which  bear  witness  to  the  formation  of  these  rocks  in  the  open  sea. 
But  traced  into  the  north  of  England  and  Scotland,  it  passes  into  sand- 
stones and  shales,  with  numerous  coal-seams,  and  only  a  few  thin 
beds  of  limestone.  The  soft  clay  beneath  the  city  of  London  is  re- 
presented in  the  Alps  by  hard  schists  and  contorted  limestones.  We 
conclude  therefore  tnat  lithological  agreement^  when  pushed  too  (slt^ 
is  apt  to  mislead  us,  partly  biecause  contemporaneous  strata  often 
Tary  greatly  in  lithological  character,  and  partly  because  the  same 
lithological  characters  may  appear  again  and  again  in  different  a^es. 
By  trusting  too  implicity  to  this  kind  of  evidence,  we  may  be  led  to 
class  together  rocks  belonging  to  very  different  geological  periods, 
and  on  the  other  hand  to  separate  groups  which  really,  in  spite  of 
their  seeming  distinction,  were  formed  contemporaneouslv. 

2.  It  is  by  the  remains  of  plants  and  animals  imbedded  among 
the  stratified  rocks  that  the  most  satisfactory  subdivisions  of  the 
geologi(*al  record  can  be  made,  as  will  be  more  fully  stated  in  Books 
Y.  and  VI.  A  chronological  succession  of  organic  forms  can  bo 
made  out  among  the  rocks  of  the  earth's  crust.  A  certain  common 
facies  or  type  of  fossils  is  found  to  characterize  particular  groups  of 
rock,  and  to  hold  true  even  thouffh  the  lithological  constitution  of 
the  strata  should  greatly  vary.  Moreover,  though  comparatively  few 
species  are  universally  diffused,  they  possess  remarkable  persistence 
over  wide  areas,  and  even  when  thev  are  replaced  by  others,  the  same 
general  facies  of  fossils  remains.  Hence  the  stratified  formations  of 
two  countries  geographically  distant,  and  having  little  or  no  litholo- 
gical resemblance  to  each  other,  may  be  compared  and  paralleled 
simply  by  means  of  their  enclosed  organic  remains. 

Order  of  Superposition — the  Foundation  of  Oeological 
Chronology. — ^As  sedimentary  strata  were  laid  down  upon  one  another 
in  a  more  or  less  nearly  horizontal  position,  the  underlying  beds  must 
be  older  than  those  which  cover  them.  This  simple  and  obvious 
truth  is  termed  the  law  of  superposition.  It  furnishes  the  means  of 
determining  the  chronology  of  rocks,  and  though  other  methods  of 
ascertaining  this  point  are  employed,  they  must  all  be  ,based 
originally  upon  the  observed  order  of  superposition.  The  only  case 
where  the  apparent  superposition  may  be  deceptive  is  where  the  strata 
have  been  inverted,  as  in  the  examples  cited  from  the  Alps 
(pp.  314,  518),  where  the  rocks  composing  huge  mountain  masses 
have  been  so  completely  overturned  that  the  highest  beds  appear 
as  if  regularly  covered  by  others  which  ouglit  properly  to  underlie 
them.  JBut  these  are  exceptional  occurrences,  wherein  the  true 
order  can  usually  be  made  out  from  other  sources  of  evidence. 
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Part  II.— Joints. 

All  rocks  are  traversed  more  or  less  distinctly  by  vertical  or  highlv 
inclined  divisional  planes  termed  Joints.  Soft  rocks  indeed,  sucn 
as  loose  sand  and  nncompacted  clay,  do  not  show  these  lines ;  but 
wherever  a  mass  of  clay  has  been  subjected  to  some  pressure  and 
consolidation,  it  will  usually  be  found  to  have  acquired  them  more  or 
less  distinctly.  It  is  by  means  of  the  intersection  of  joints  that  rocks 
can  be  removed  in  blocks ;  the  art  of  quarrying  consists  in  taking 
advantage  of  these  natural  planes  of  division.  Joints  differ  in 
character  according  to  the  nature  of  the  material  which  they  traverse ; 
those  in  sedimentary  rooks  are  usually  distinct  from  those  in  crystal* 
line  masses. 

I.  In  Stratified  Rocks, — To  the  presence  of  joints  some  of  the 
most  familiar  features  of  rock  scenery  are  due  (Fig.  217).     Joints 


b  a  b  a 

Fig.  217.— Clutb  out  into  Rb-kntebino  Angles  bt  Likbb  of  Joint  (B.). 
(The  fifM»a  in  ahadow  (a  a)  are  one  set  of  joints,  those  in  light  (6  h)  another  set). 

vary  in  the  angles  at  which  they  cut  the  planes  of  beddings  in  the 
sharpness  of  their  definition,  in  the  regularity  of  their  perpendicular 
and  norizontal  course,  in  their  lateral  persistence,  in  number,  and  in 
the  directions  of  their  intersection.  As  a  rule,  they  are  most  sharply 
defined  in  proportion  to  the  fineness  of  grain  of  the  rock.  In 
limestones  and  close-grained  shales,  for  example,  they  often  occur  so 
clean-Ksut  as  to  be  invisible  until  revealed  by  fracture  or  bv  the  slow 
disinte^ating  effects  of  the  weather.  The  rock  splits  up  along  these 
concedfed  lines  of  division  whether  the  agent  of  demolition  be  the 
hammer  or  frost.  In  coarse-textured  rocks,  on  the  other  hand,  joints 
are  apt  to  show  themselves  as  irregular  rents  along  which  the  rock 
has  been  shattered,  so  that  they  present  an  uneven  sinuous  course, 
branching  off  in  different  directions. 
As  a  rule,  they  run  perpendicular  or  approximately  so  to  the 

5 lanes  of  bedding,  and  descend  vertically  at  not  very  unequal 
istances,  so  that  the  portions  of  rock  between  them,  when  seen 
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in  profile^  appear  marked  off  into  so  many  wall-like  masses.  But  this 
symmetry  often  gires  place  to  a  more  or  less  tortnons  course  with 
lateral  joints  in  varions  random  directions,  more  especially  where  the 
different  strata  yary  considerably  in  litholo^cal  characters.  A  single 
joint  may  be  traced  for  many  yards,  sometimes,  it  is  said,  for  several 
miles,  more  particularly  when  the  rock  is  fine-grained,  as  in  limestone. 
But  where  the  texture  is  coarse  and  unequal,  the  joints,  though 
abundant,  run  into  each  other  in  such  away  that  no  one  in  particular 
can  be  identified  for  more  than  a  limited  mstance.  The  number  of 
joints  in  a  mass  of  stratified  rock  varies  within  wide  limits.  Among 
strata  which  have  undei^ne  little  disturbance  the  joints  may  be 
separated  from  each  other  by  intervals  of  several  yards.  But  in 
otner  cases  where  terrestrial  movement  has  been  considerable,  the 
rocks  are  so  jointed  as  to  have  acquired  therefrom  a  fissile  character 
that  has  nearly  or  wholly  obliterated  their  tendency  to  split  along 
the  lines  of  bedding. 

An  important  feature  in  the  joints  of  stratified  rocks  is  the 
direction  m  which  they  intersect  each  other.  In  general  they 
have  two  dominant  trends,  one  coincident,  on  the  whole,  with  the 
direction  in  which  the  strata  are  inclined  from  the  horizon,  and  the 
other  running  transversely  at  a  right  angle  or  nearly  so.  The  former 
set  is  known  as  dip-joints^  because  they  run  with  the  dip  or  inclina- 
tion of  the  rocks ;  the  latter  is  t&nxiea  ririJc&joirUB^  inasmuch  as  they 
conform  to  the  Btrihe  or  general  outcrop.  It  is  owing  to  the  existence 
of  this  double  series  of  joints  that  ordinary  quarrying  operations  can 
be  carried  on.  Large  quadrangular  blocKs  can  m  wedged  off,  which 
would  be  shattered  if  exposed  to  the  risk  of  blasting.  A  quarry  is 
usually  worked  to  the  dip  of  a  rock ;  hence  the  strike-joints  form 
cleauH^ut  faces  in  front  of  the  workmen  as  they  advance.  These  are 
known  as  ^' backs,"  and  the  dip-joints  which  traverse  them  as 
♦'cutters.**  The  way  in  which  this  double  set  of  joints  occurs  in  a 
quarry  may  be  seen  in  Fig.  218,  where  the  close  parallel  lines 
traversing  the  shaded  and  unshaded  faces  mark  the  planes  of  strati- 
fication, which  here  are  inclined  from  the  spectator.  The  steep  faces 
in  light  are  defined  by  the  strike  joints  or  "  backs."  The  faces  in 
shadow  have  been  quarried  out  along  dip-joints  or  "  cutters."  It  will 
be  observed  that  the  long  face  in  sunlight  is  cut  by  parallel  lines  of 
dip-ioints  not  yet  opened  in  quarrying,  while  in  like  manner  the 
shaded  face  of  dip-joint  is  traversed  by  parallel  lines  of  strike- 
joint 

Ordinary  household  coal  presents  a  remarkably  well  developed 
system  of  joints.  A  block  of  such  coal  may  be  observed  to  be 
traversed  by  fine  laminse,  the  surfaces  of  many  of  which  are  soft  and 
soil  the  fingers.  These  are  the  planes  of  stratification.  Perpendicular 
to  them  run  divisional  planes,  which  cut  each  other  at  right  angles  or 
nearly  so,  and  thus  divide  the  mineral  into  cubical  fi-agments.  One 
of  these  sets  of  joints  makes  clean  sharply  defined  surfaces,  and  is 
blown  as  the  faccy  dyne,  cleat,  or  hard;  the  other  has  rougher,  less 
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regular  surfaces,  and  is  known  as  the  muL  The  face  remains  persis- 
tent over  wide  areas ;  it  serves  to  define  the  direction  of  the  roadways 
in  coal-minefl^  which  must  run  with  it. 


Fio.  218.— JonrriMO  nr  Quabbt  of  Oaithniess  Flags,  nsab  Holbxtbn  Head. 

The  cause  of  jointing  has  not  been  satisfactorily  explained. 
According  to  observations  made  by  Jukes,  both  strike-joints  and 
dip-joints  occur  in  beds  of  recently  formed  coral  rock  in  the  Aus- 
tralian and  other  reefs.  These  masses  of  calcareous  sediment  hare 
certainly  nerer  been  subject  to  the  pressure  of  any  superincumbent 


lA 


Fio.  219.— Plan  or  Goabsb  OoKOLOiiKRAtB  of  Blocks  or  Cambbian  Bocks  nr 

GaRBONIFEBOUS  LnfFffTONX,  TBAYKBSED  BT  A  LiNB  JoiNT  CUTTiNO  THE  INDIVIDUAL 

Bouij>bb8  in  the  Line  a  6,  Coast  neab  Skebbieh,  Dublin  Oountt  (£.). 

rock.  Their  joints  may  possibly  be  due,  as  Jukes  believed,  to  con- 
traction during  consolidation.^  But  in  many  cases  the  existence  of 
joints  points  to  some  much  more  potent  cause  than  mere  internal 

1  <«  Manual  of  Geology/'  3rd  Edition,  p.  184. 
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coutraction.  In  some  conglomerates,  for  example,  the  joints  traverse 
the  enclosed  pebbles,  as  well  as  the  surroundun^  matrix,  in  such  a 
way  that  large  blocks  of  hard,  quartz  are  cut  through  by  them  as 
sharply  as  if  they  had  been  sliced  in  a  lapidary's  machine,  and  the 
same  joints  can  be  traced  continuously  through  many  yards  of  the 
rock  (Fig.  219^  Such  instances  point  to  the  operation  of  consider- 
able force.'  Further  indication  of  movement  is  often  supplied  b^  the 
rubbed  and  striated  surfaces  of  joints.  These  surCetces,  termed  dtekei^ 
gides,  have  evidently  been  ground  asainst  each  other.  They  are 
often  coated  with  haematite,  calcite,  cnlorite,  or  other  mineral,  which 
has  taken  a  cast  of  the  strisB  and  then  seems  itself  to  be  striated. 

Joints  form  natural  lines  for  the  passage  downward  and  upward  of 
subterranean  water.  They  likewise  furnish  an  effective  lodgment  for 
the  action  of  frost,  which  wedges  off  blocks  of  rock  in  the  manner 
already  described  (p.  401).  As  they  serve,  in  conjunction  with 
bedding,  to  divide  stratified  rocks  into  large  quadrangular  blocks, 
their  influence  in  the  weathering  of  these  rocks  is  seen  in  the 
symmetrical  and  architectural  as  well  as  splintered,  dislocated 
aspects  so  familiar  in  the  scenery  of  sandstone  and  limestone 
districts. 

Occasionally  a  prismatic  or  columnar  system  of  joints  may  be 
observed  among  stratified  rocks,  particularly  in  those  which  nave 
been  chemically  formed,  where,  as  in  the  g3rpsum  of  the  Paris  Basin., 
beds  are  divided  from  top  to  bottom  into  vertical  hexagonal  prisms.* 
A  columnar  structure  has  often  been  superinduced  upon  stratified 
rocks  (sandstone,  ^ale,  coal)  by  contact  with  intrusive  igneous 
masses  (p.  473). 

2.  In  Massive  (Igneous)  Rooks. — While  in  stratified  rocks  the 
divisional  planes  consist  of  lines  of  bedding  and  of  joint,  cutting  each 
other  usually  at  a  high  if  not  a  right  angle,  in  massive  igneous  rocks 
they  include  joints  only ;  and  as  these  do  not  as  a  rule  present  the 
same  parallelism  as  lines  of  bedding,  unstratified  rocks,  even  though 
as  full  of  joints,  have  not  the  regularity  of  arrangement  of  stratified 
formations.  Some  massive  rocks  indeed  may  have  one  system  of 
divisional  planes  so  largely  developed  as  to  acquire  a  bedded  or 
fissile  character.  This  structure,  characteristicallv  shown  by  phono- 
lites,  may  also  be  detected  among  ancient  porphyries  (fig.  220). 
Most  massive  rocks  are  traversed  by  two  intersecting  sets  of  chief  or 
"master"  joints,  whereby  the  rock  is  divided  into  long  quad- 
rangular, rhomboidal,  or  even  polygonal  columns.  A  third  set  may 
usually  be  noticed  cutting  across  the  columns  and  articulating  them 
into  segments,  though  generally  less  continuous  and  dominant  than 
the  others  (Fig.  221).  When  these  last-named  cross-joints  are 
absent  or  feebly  developed,  colunms  many  feet  in  length  can  be 

»  De  la  Beche,  "  GeoL  Obaerver,"  p.  628. 

'  See  an  interesting  series  of  experiments  by  Daubrfo  (Complm  Bendm$^  Ixixvi* 
1878)  OQ  the  production  of  faults  and  joints ;  ante,  p.  315. 
'  Jukeis  «*  Manual,**  8rd  Ed  p.  180. 
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quarried  out  entire.    Such  monoliths  have  been  from  early  times 
employed  in  the  construction  of  obelisks  and  pillars. 

In  large  masses  of  granite  an  outward  inclination  of  the  natural 
divisional  planes  of  the  rook  may  be  sometimes  observed,  as  if  the 
granite  were  really  a  rudely  bedded  mass  having  a  dip  towards  and 
under  the  strata  which  rest  upon  its  flanks.  It  is  not  a  foliated 
arrangement  of  the  constituent  minerals  analogous  to  the  foliation  of 


Fia.  220. — ^POBPHTBT,  NEAB  GlYNOO  YaWB,  GAEBNAByOMSHIBB,  DIYIDBD  INTO  SlAB8 

BY  A  System  or  GiiOss  Faballel  Joints  (B.)* 

gneiss,  for  it  can  be  traced  in  perfectly  amorphous  and  thoroughly 
crystalline  grauite,  but  is  undoubtedly  a  form  of  iointing  by  reason  of 
which  the  rock  weathers  into  large  blocks  piled  one  upon  another 
like  a  kind  of  rude  cyclopean  masonry.^ 

Bocks  of  finer  grain  than  granite^  such  as  many  diorites  and 
dolerites,  acquire  a  prismatic  structure  from  the  number  and  inter- 
section of  perpendicular  joints.    The  prisms,  however,  are  unequal  in 


Fio.  221.— Jointed  Stbucturb  of  Gbanite. 

dimensions,  as  well  as  in  the  number  and  proportions  of  their  sides,  a 
frequent  diameter  being  2  or  3  feet,  though  they  may  sometimes  be 
observed  three  times  thicker,  and  extending  up  the  face  of  a  cliff  for 
300  or  400  feet.  It  is  by  means  of  joints  that  precipitous  faces  of 
crystalline  no  less  than  of  sedimentary  rock  are  produced  and 
retained,  for  they  serve  as  openings  into  which  frost  drives  every  year 

'  Iq  the  granite  of  the  axes  of  the  Rocky  Mountains  and  parallel  ranges  to  the 
westward,  a  kind  of  bedded  structure  haa  been  described  as  passing  under  the 
crystalline  sohists. 
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its  wedges  of  ice.  Tbey  likewise  give  rise  to  the  formation  of  the 
fantastic  pinnacles  and  fretted  buttresses  characteristic  of  massiye 
rocks. 

As  lava,  erupted  to  the  surface,  oooh,  and  passes  into  the  solid 
condition,  a  contraction  of  its  mass  takes  place.  This  diminutioa 
of  bulk  is  accompanied  by  the  deyelopment  of  diTiaioDAl  fdmnei  ct 
joiuts,  more  especially  diverging  from  the  upper  and  under  surfaces, 
and  intersecting  at  irregular  distances,  so  as  to  divide  the  rock  into 
rude  prisms.  Occasionally  another  series  of  joints,  at  a  ri^ht  angle  to 
these,  traverses  the  mass,  parallel  with  its  upper  and  under  surfaces, 
and  thus  the  rock  acquires  a  kind  of  fissile  or  bedded  appearance. 
The  most  characteristic  structure,  however,  among  volcanic  rocks  is 
the  prismatic,  or,  as  it  is  incorrectly  termed,  **  basaltic."  "Where  this 
arrangement  occurs,  as  it  does  so  commonly  in  basalt,  the  mass  is 
dividea  into  tolerably  regular  pentagonal,  hexagonal,  or  irregularly 
polygonal  prisms  or  columns,  set  close  together  at  a  right  angle  to  the 
mam  coolmg  surfaces  (Figs.  222,  223).    These  prisms  vary  from 


Fio.  222.— GoLUMiYAB  BA8Ai/r  or  Finqal's  Gavk,  8taffa  (Maoccllocb). 

2  or  3  to  18  or  more  inches  in  diameter,  and  range  up  to  100  or  even 
150  feet  in  length.  Many  excellent  and  well-known  examples  of 
columnar  structure  are  exhibited  on  the  coast-cliffs  of  the  Tertiary 
volcanic  region  of  Antrim  and  the  west  of  Scotland.  In  Fig.  222, 
a  lower  columnar  basalt  is  overlaid  by  an  upper  amorphous  or  non- 
columnar  bed.  In  manv  cases  no  sharp  line  can  be  drawn  be- 
tween such  a  columnar  sheet  and  the  beds  above  and  below,  which 
show  no  similar  structure,  but  into  which  the  prismatic  mass  seems 
to  pass. 

Considerable  discussion  has  arisen  as  to  the  mode  in  which  this 
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columnar  structure  has  been  produced.  The  experiments  of  Mr. 
Gregory  Watt  were  supposed  to  explain  it  by  the  production  of  a 
number  of  spherical  concretions  in  toe  cooling  mass,  and  the  gradual 
pressure  of  mooe  soft  balls  into  hexagonal  columns,  as  the  mass  con- 
tracted in  cooling.  He  melted  a  mass  of  basalt,  and  on  allowing  it 
to  cool  observed  that,  when  a  small  portion  was  (quickly  chilled,  it 
took  the  form  of  a  kind  of  slae^like  glass,  not  differing  much  in 
appearance  from  obsidian;  a  larger  mass,  more  dowly  cooled, 
returned  to  a  stony  state.  He  remarked,  that  during  this  process 
small  globules  make  their  appearance,  which  increase  m  size  oy  the 
successive  formation  of  external  concentric  coats,  like  those  of  em 
onion.  And  he  supposed  that,  as  each  spheroid  must  be  touched  by 
six  others,  the  whole,  if  exposed  to  the  same  pressure  acting  in  every 
direction,  must  be  squeezed  into  a  series  of  hexagons.  To  account, 
however,  for  a  long  column  of  basalt,  we  should  have  to  imagine  a 
pile  of  balls  standing  exactly  centrically  one  upon  the  other,  an 
arrangement  which *seems  hardly  possible.  The  prismatic  structure 
is  a  species  of  jointing,  due  pi*obably  to  the  contraction  of  the  rock  as 
a  whole,  and  not  to  the  production  of  any  internal  peculiarities  of 
texture.  The  concretionary  structure  associated  with  the  columnar 
rereals  a  common  tendency  to  weather  out  into  nodular  forms, 
and  may  be  observed  even  where  the  rock  is  not  columnar.  As 
already  stated,  prismatic  forms  have  been  superinduced  upon  rocks  by 
a  high  temperature  and  subsequent  cooling,  as  where  coal  and  sand- 
stone have  been  invaded  by  basalt  They  may  likewise  be  observed 
to  arise  during  the  consolidation  of  a  substance  from  aqueous  solution. 
In  starch,  for  example,  the  columnar  structure  may  be  well  developed, 
and  not  infrequently  radiates  from  certain  centres,  as  in  basalt  and 
other  igneous  rocks. 

Mr.  Mallet  has  investigated  this  subject,  and  concludes  that  '*  all 
the  salient  phenomena  of  the  prismatic  and  jointed  structure  of 
basalt  can  be  accounted  for  upon  the  admitted  laws  of  cooling,  and 
contraction  thereby,  of  melted  rock  possessing  the  known  properties 
of  basalt,  the  essential  conditions  bemg  a  very  general  homogeneity 
in  the  mass  cooling,  and  that  the  cooling  sh^  take  place  slowly, 
principally  from  one  or  more  of  its  surfaces."*  In  the  more  perfectly 
columnar  basalts  the  columns  are  sometimes  articulated,  each  prism 
being  separable  into  vertebrsB,  with  a  cup  and  ball  socket  at  each 
articulation  (Figs.  224  and  225).  This  peculiarity  is  traced  hy  Mr. 
Mallet  to  the  contraction  of  each  prism  in  its  length  and  m  its 
diameter,  and  to  the  consequent  production  of  transverse  joints,  which, 
as  the  resultant  of  the  two  contracting  strams,  are  oblique  to  the  sides 
of  the  prism,  but,  as  the  obliquity  lessens  towards  the  centre,  assume 
necessarily,  when  perfect,  a  cup-snape,  the  convex  surface  pointing  in 
the  same  direction  as  that  in  which  the  prism  has  grown.  This 
explanation,  however,  will  hardly  account  for  cases,  which  are  not 
uncommon,  where  the  convexity  points  the  other  way,  or  where  it  is 

'  Proe.  Roy,  800,  January,  1875. 


Digitized  by 


Google 


508  GEOTECTONIC  (STRUCTURAL)  GEOLOGY.  [Book  IV. 

sometimeA  in  one  direction  sometimes  in  the  other.^  The  remarkable 
spheroids  which  appear  in  many  weathered  igneous  rocks  besides 
basalts,  where  they  are  not  the  result  of  weathering,  may  probably  be 
due  to  some  of  the  conditions  under  which  the  ondnal  contractions 
took  place.  They  are  quite  untraceable  on  a  fresh  fracture  of  the 
rock.  It  is  only  after  some  exposure  to  the  weather  that  they  beg^in 
to  appear,  and  then  they  gradually  crumble  away  by  the  successiye 
formation  and  disappearance  of  external  weathered  crusts  or  coats, 
which  fall  off  into  sand  and  clay.  Almost  all  augitic  or  homblendic 
rocks,  with  many  granites  and  porphyries,  exhibit  the  tendency  to 
decompose  into  rounded  spheroidal  blocks.  The  columnar  structure, 
though  abundant  among  modern  volcanic  rocks,  is  by  no  means 
confined  to  these.  It  is  as  well  displayed  among  the  felsites  of  the 
Lower  Old  Red  Sandstone,  and  the  basalts  of  the  Carboniferous 
Limestone  in  central  Scotland,  as  among  the  Tertiary  lavas  of 
Auvergne  or  the  Vivarais. 


^>. 


Fio.    223.  —  Obdinabt 

COLUMNAB  BtBUOTUBE 

OF  Lava. 


Fio.  224.— Ball- 

AND    -    SOCKJET 

jointino      of 
Columns. 


Fio.    225.— Modifica- 
tion   OF    Ball-ani>- 

SOOKET  StBUCTUBB. 


3.  In  Foliated  (SehlBtose)  Rocks. — The  schists  likewise  possess 
their  joints,  which  approximate  in  character  to  those  among  the 
massive  igneous  rocks,  but  they  are  on  the  whole  less  distinct  and 
continuous,  while  their  effect  in  dividing  the  rocks  into  oblong  masses 
is  considerably  modified  by  the  transverse  lines  of  foliation.  These 
lines  play  somewhat  the  same  part  as  those  of  stratification  among 
the  stratified  rocks,  though  with  less  definiteness  and  precision.  The 
jointing  of  the  more  massive  foliated  rocks,  such  as  the  coarser 
varieties  of  gneiss,  approaches  most  closely  to  that  of  granite;  in  the 
finely  fissile  schists,  on  the  other  hand,  it  is  rather  linked  with  that 
of  sedimentary  formations.  Upon  these  differences  much  of  the 
characteristic  variety  of  outline  presented  by  cliffs  and  crests  of 
foliated  rocks  depends. 

>  Mr.  Bcrope  pointed  this  out  (Oeol  Mag,  September,  1S75),  though  Mr.  Mallet 
(Ibid,  November,  1875J  replied  that  in  such  cases  the  artioulatious  must  be  formed  just 
about  the  dividing  surrace,  between  the  part  of  the  rock  which  cooled  from  above  and 
that  which  cooled  from  below. 
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Part  III. — Inclination  of  Books. 

The  most  casual  observation  is  sufficient  to  satisfy  us  that  the 
rocks  now  yisible  at  the  earth's  surface  are  seldom  in  their  original 
position.  We  meet  with  sandstones  and  conglomerates  composed 
of  water-worn  particles,  yet  forming  the  angular  scarps  of  lofty 
mountains ;  shales  and  clays  full  of  the  remains  of  fresh-water  shells 
and  land-plants,  yet  covered  by  limestones  made  up  of  marine 
organisms,  and  these  limestones  rising  into  great  ranges  of  hills,  or 
undulating  into  fertile  valleys,  and  passing  under  the  streets  of  busy 
towns.  Such  facts,  now  familiar  to  every  reader,  and  even  to  many 
observers  who  know  little  or  nothing  of  systematic  geology,  point 
unmistakably  to  the  conclusion  that  the  rocks  have  in  many  cases 
been  formed  under  water,  sometimes  in  lakes,  more  frequently  in 
the  sea,  and  that  they  have  been  elevated  into  land. 

But  further  examination  discloses  other  and  not  less  convincing 
evidence  of  movement.  Judging  from  what  takes  place  at  the  present 
time  on  the  bottoms  of  lakes  and  of  the  sea,  we  confidently  inier  that 
when  the  strata  now  constitutiDg  so  much  of  the  solid  framework  of 
the  land  were  formed,  they  were  laid  down  nearly  horizontally,  or  at 
least  at  low  angles  (ante,  p.  477).  When,  therefore,  we  find  them 
inclined  at  all  angles,  and  even  standing  on  end,  we  conclude  that 
they  have  been  aisturbed.  Over  wide  spaces  they  have  been  up- 
raised bodily  with  little  alteration  of  horizontalitv ;  but  in  most  places 
some  departure  from  that  original  position  has  been  effected. 

Dip. — The  inclination  thus  given  to  rocks  is  termed  their  Dip. 
Its  amount  is  expressed  in  degrees  measured  from  the  plane  of  the 


FlO.  226.->CLIK01fETBIt— THE  LeAF  OONtAINING  THB  PbMDULUM  AND  IKDBX. 

(Half  the  size  of  the  original.) 

horizon.  Thus  a  set  of  rocks  half-way  between  the  horizontal  and 
vertical  position  would  be  said  to  dip  at  an  angle  of  45°,  while  if 
vertical  they  would  be  marked  with  the  angle  of  90°.  The  inclina- 
tion is  measured  with  an  instrument  termed  the  Clinometer,  which 
is  variously  made,  but  of  which  one  of  the  simplest  forms  is  shown  in 
Fig.  226.  This  consists  of  a  thin  strip  of  boxwood,  two  inches 
broad,  strengthened  with  brass  along  the  edges,  and  divided  into  two 
leaves,  each  6  inches  long,  hinged  together,  so  that  when  opened 
out  they  form  a  foot-rule.    On  the  inside  of  one  of  these  leaves  a 
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gradaated  arc  with  a  pendulum  is  inserted.  When  the  instrument 
is  held  horizontally,  the  pendulum  points  to  zero.  When  placed 
vertically,  it  marks  90^  Bj  retiring  at  a  right  aogle  to  the  direc- 
tion of  dip  of  a  group  of  inclined  teds,  and  holding  the  cUnometer 
before  the  eye  until  its  upper  edge  coincides  with  the  line  of 
bedding,  we  readily  obtain  the  amount  or  angle  of  dip.  In  observa- 
tions of  this  nature,  it  is  of  course  necessary  either  to  place  the 
clinometer  strictlv  parallel  with  the  direction  of  dip,  or,  if  this  be 
impossible^  to  take  two  measurements,  and  calculate  from  them 


Fio.  227.— Appabkntly  Horizontal  Strata  (J?.). 

the  true  angle.^  Simple  as  observation  of  dip  is,  it  is  attended 
with  some  liabilities  to  error,  against  which  the  observer  should  be 
on  his  guard.  A  single  face  of  rock  may  not  disclose  the  true  dip, 
especially  if  it  be  a  clean-cut  joint  face.  In  Fig.  227«  for  example, 
the  strata  might  be  supposed  to  be  horizontal ;  but  another  side  view 


Fig.  228. — Kkal  Inclination  of  Strata  shown  in  Fio.  227  {B.}, 

of  them  as  (Fig.  228)  might  show  them  to  be  inclined  or  even 
vertical. 

Again,  a  deceptive  surface  inclination  is  not  unfrequently  to  be 
seen  among  thin-bedded  strata.    Mere  gravitation  aided  by  the 

'  In  Jukes*  *•  Memoir  on  the  Sonth  StaffordBhire  Coal-Field,"  in  Memoin  of  Oeci. 
Survey  (2nd  edit.  p.  213),  a  formula  is  given  for  calculating  the  true  dip  from  the 
apparent  dip  eeen  in  a  cliff.  A  graphical  method  of  computing  the  true  dip  from 
ob^rvations  of  two  apparent  dips  has  been  suggested  by  Mr.  W.  H.  Dalton,  OeoL 
Mag,  X.  p.  332. 
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downward  pressure  of  sliding  detritus  or  "  soil-cap  "suflBoes  to  bend 
over  the  edges  of  fissile  strata,  which,  though 
really  dipping  into  the  hill,  are  thus  made 
to  appear  superficially  to  dip  away  from  it 
(Fig.  229).     Similar   eflTects,    with    even 

Eroofe  of  contortion,  may  be  noticed  under 
oulder  clay,  or  in  other  situations  where  Fia.  229.— Diosftivs  Sufeb- 
the  rocks  have  been  bent  over  and  crushed  fioial  Dip. 

by  a  mass  of  ice. 

When  the  dip  is  outward  in  every  direction  from  a  central  point, 
it  is  said  to  be  qtuirmid-versdl  (A  in  Fig.  231).  Strata  thus  anected 
are  thrown  into  a  dome-shaped  structure,  while  when  the  dip  is 
towards  a  central  point,  they  nave  a  basin-shaped  structure. 

Ontorop. — The  edges  of  strata  which  appear  at  the  surface  of 
the  ground  are  termed  their  Outcrop  or  basset.  If  the  strata 
are  quite  horizontal,  the  direction  of  outcrop  depends  on  inequalities 
of  the  ground  and  variations  in  amount  of  denudation.  Perfectly 
level  ground  lying  upon  horizontal  beds  shows  of  course  no  outcrop, 
for  the  surface  coincides  with  the  plane  of  stratification.  But 
occasional  water-courses  have  usually  been  eroded  below  the  general 
level,  so  as  to  reveal  along  their  sides  outcrops  of  the  strata.  The 
remarkable  sinuosities  of  outcrop  produced  by  the  unequal  erosion  of 
horizontal  strata  are  illustrated  m  Fig.  230,  where  A  is  a  map  of 
a  piece  pf  ground  deeply  trenched  by  valleys,  and  B  that  of  an  area 
comparatively  little  denuded.  In  both  eases  the  outcrops  are  seen 
to  wind  round  the  sides  of  the  slopes. 

Where  strata  are  inclined  the  course  of  their  outcrop  is  regulated 
partly  by  the  direction  and  amount  of  incUnation,  and  partly  by  the 
form  of  the  ground.  When  with  low  angles  of  dip  they  crop  out, 
that  is,  rise  to  the  surface,  along  a  perfectly  level  piece  of  ground, 
the  outcrop  runs  at  a  right  angle  to  the  dip.  But  any  inequalities 
of  the  surface,  such  as  valleys,  ravines,  hills,  and  ridges,  will,  as  in  the 
case  of  horizontal  beds,  cause  the  outcrop  to  describe  a  circuitous 
course,  even  though  the  dip  should  remain  perfectly  steady  all  the 
while.  If  a  line  of  precipitous  gorge  should  run  directly  with  the 
dip,  the  outcrop  will  there  te  coincident  with  the  dip.  The 
occurrence  of  a  gently  shelving  valley  in  that  position  will  cause  the 
outcrop  to  descend  on  one  side  and  to  mount  in  a  corresponding  wav 
on  the  other,  so  as  to  form  a  Y-shaped  indentation  in  its  course.  A 
ridge,  on  the  other  hand,  will  produce  a  deflection  in  the  opposite 
direction.  Hence  a  series  of  parallel  ridges  and  valleys  running  in 
the  same  direction  as  the  dip  of  the  strata  underneath  causes  the 
outcrop  to  describe  a  widely  serpentinous  course. 

The  breadth  of  the  outcrop  depends  on  the  thickness  of  the 
stratum  and  on  the  angle  of  dip.  A  bed  one  foot  thick  inclined  at 
an  angle  of  1°,  on  a  perfectly  level  piece  of  ground  would  have  an 
outcrop  about  60  feet  broad.  At  a  dip  of  5°  the  breadth  of  the 
outcrop  would  be  a  little  over  11  feet    At  30^  it  would  be  reduced 
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to  2  feet,  and  the  diminution  would  continue  until,  when  the  bed  was 
on  end,  the  breadth  of  the  outcrop  would,  of  course,  exactly  correspond 
with  the  thickness  of  the  bed.  It  is  further  to  be  observed  that 
among  vertical  rocks  the  direction  of  the  outcrop  necessarily  cor- 
responds with  the  dip,  and  continues  to  do  so  irrespective  altogether 
of  any  irregularities  of  the  ground.  The  lower  therefore  the  angle  of 
inclination  the  greater  is  the  effect  of  surface  inequalities  upon  the 
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OF  SUBFACB. 

The  wayy  black  linee  mark  the  ontcrope  of  snooessive  conformable  horisontal  beds. 

line  of  outcrop ;  the  higher  the  angle  the  less  is  that  influence,  till 
when  the  beds  stand  on  end  it  ceases. 

Strike. — A  line  drawn  at  a  right  angle  to  the  dip  is  called  the 
Strike  of  the  rocks.  From  what  has  just  been  said  this  line  must 
coincide  with  outcrop  when  the  surface  of  the  ^und  is  quite  level  as 
on  the  beach  in  Fi^.  231,  and  also  when  the  l>eds  are  vertical  At 
all  other  times  strike  and  outcrop  are  not  strictly  coincident,  but  the 
latter  wanders  to  and  fro  across  the  former  according  to  changes  in 
the  contour  of  the  ground.  The  strike  may  be  a  straight  line,  or  may 
curve  rapidly  in  every  direction,  according  to  the  behaviour  of  the 
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dip*  A  set  of  beds  dipping  westward  for  half  a  mile  (aioh  Fig.  231) 
have  a  north  and  south  strike  for  the  same  distance.  If  the  dip 
changes  to  S.W.,  S.,  S.E.,  and  E.,  the  strike  will  bend  round  in  a 
curving  b'ne  (as  at  S).  In  the  case  of  a  qim-qiid^ersai  dip  the  strike 
forms  a  complete  circle  (as  at  A).  The  dip  being  ascertained  gives 
the  strike,  but  the  strike  does  not  certainly  indicate  the  direction  of 
dip,  which  may  be  either  to  the  one  side  or  the  other.  Two  groups  of 
strata  dipping  the  one  east  and  the  other  west  have  both  a  north  and 
south  strike.  Strike  may  be  conceived  as  always  a  level  line  on  the 
plane  of  the  horizon,  so  that  no  matter  how  much  the  ground  may 
undulate,  or  the  outcrop  may  vary,  or  the  dip  may  change,  the  strike 


Fio.  281. — QaoLOOioAL  Map,  bhowiko  Strata  ooNTnnjouBLT  xzfobkd  aloko  ▲ 

BbAOH  Aim  OGCAfilONALLY  DT  THB  IinXBIOB. 

will  remain  horizontal,  fience  in  mining  operations  it  is  commonly 
spoken  of  as  the  levd-cot^se  or  leveUbearinff.  A  "  level "  or  imderground 
road-way,  driven  through  a  coal-seam  at  right  angles  to  the  dip,  will 
undulate  in  its  trend  if  the  dip  changes  in  direction,  but  it  may  be 
made  perfectly  level,  and  kept  so  throughout  a  whole  coal-field  so 
long  as  it  is  not  interfered  witn  by  dislocations. 

In  Fig.  231,  the  strike  and  outcrop  are  coincident  on  the  flat  beach,  but 
cease  to  be  so  the  moment  the  ground  begins  to  slope  up  into  the  coast- 
cliff.  This  is  seen  in  the  eastern  half  of  the  map,  where  the  lines  of 
outcrop  slant  up  into  the  oliff  at  an  angle  dependent  mainly  on  the 
amount  of  the  dip.  A  section  drawn  in  the  line  L  L'  would  show  the 
geolgoical  structure  represented  in  Fig.  232.     By  noting  the  angles  of 
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dip  it  is  possible  to  estimate  the  thickness  of  a  series  ol  beds^  and  how  hi 
beneath  the  surface  any  ^iven  bed  might  be  expected  to  be  &ond.  It 
for  instance,  the  horizontal  difitanoe  across  the  strike  betwe^i  beds  •  and 
a  (Fig.  231)  were  found  to  be  200  feet,  with  a  mean  dip  of  15°,  the  actual 
thic^ess  wonld  be  51*8  feet,  and  bed  a  would  be  found  at  a  depth  of  53*8 
feet  below  the  outcrop  of  «.  If  the  same  development  of  strata  contiiiDes 
inland,  the  bed  a  shoidd  be  found  at  a  little  more  than  200  feel  beneath  the 
surface  if  a  bore  were  sunk  to  it  in  the  quarry  (Q\  If  the  total  depth 
of  rock  between  a  and  h  be  1000  feet,  then  eridenttj,  if  the  strata  oouM 
be  restored  to  their  original  approximately  horizontal  position,  -with  bed 
a  at  the  surface,  bed  h  would  be  oovered  to  a  depth  of  1000  feet.  It 
will  be  noticed  also  that  as  the  angle  of  dip  increases,  the  cmtcTops 
are  thereby  brought  closer  together.  Where  the  outcrops  run  along  the 
faoe  of  a  cliff  or  steep  bank  (B)  they  must  likewise  be  drawn  together  on 
a  map.  In  reality,  of  course,  uiese  variations  may  take  place  though  the 
same  vertical  thickness  of  rock  everywhere  intervenes  between  the 
several  outcrops. 


Fio.  232.— SicnoH  alono  the  Lms  L  L'  m  Fia  231. 

It  is  usually  desirable  to  estimate  the  thicknesses  of  strata,  espeoially 
where,  as  in  Fig.  231 ,  they  are  exposed  in  continuous  section.  A  convenient 
though  not  strictly  accurate  rule  for  this  purpose  may  be  applied  in  cases 
where  the  angle  of  inclination  is  less  than  45^  The  real  thickness  of  a 
mass  of  inclined  strata  may  be  taken  to  be  t^  of  its  apparent  thickness  for 
every  5^  of  dip.  Thus  if  a  set  of  beds  dips  steadily  in  one  direction  at 
5^  for  a  horizontal  space  of  1200  feet  measured  perpendicularly  to  the 
strike,  their  actual  thickness  will  be  -jV,  or  100  feet.  If  the  dip  be  15% 
the  true  thickness  will  be  ^,  or  300  feet,  and  so  on.^ 


Part  IV. — Curvature. 

^  A  little  reflection  will  show  that  though,  so  far  as  regards  the 
trifling  portions  of  the  rocks  visible  at  the  surface,  we  might  re- 
gard tne  inclined  surfaces  of  strata  as  parts  of  straight  lines,  they 
must  nevertheless  be  parts  of  large  curves.  Take  for  example  the 
section  in  Fig.  233.    At  the  left  hand  the  strata  descend  beneath 


Fio.  233.— Sbotion  of  LfOLnnsD  Strata. 

the  surface  at  an  angle  of  no  more  than  IS",  but  at  the  opposite  end 

the  angle  has  risen  to  60^    There  being  no  dislocation  or  abrupt 

>  Maolaien'B  *<  Geology  of  Fife  and  the  ^^Lothians,"  2ad  Edit  p.  xix.    For  tablet 
for  eBtimatlDg  dip  and  thickness  see  Jokee'  **  Manual,''  p.  748. 
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chan^  of  molination,  it  is  evident  that  the  beds  cannot  proceed  in* 
defimtely  downward  at  the  same  angle  which  they  have  at  the  surface, 
otherwise  they  would  run  away  n'om  each  other,  but  must  bend 
round  to  accommodate  themselves  to  the  difference  of  inclination. 
By  prolonging  the  lines  of  the  beds  for  some  way  beneath  and  above 
sea-level,  we  can  show  graphically  that  they  are  necessarily  curved 
(Fig.  234).  A  section  of  tnis  kind  brings  out  clearly  the  additional 
fact  that  an  upward  continuation  of  the  curved  beds  must  have  been 
carried  away  by  the  denudation  of  the  surface.  In  every  instance 
therefore  where,  in  walking  over  the  surface,  we  traverse  a  series  of 
strata  which  gradually,  and  without  dislocations,  increase  or  diminish 
in  inclination,  we  cross  part  of  a  curvature  in  the  strata  of  the  earth's 
crust     The  foldings,  however,  can  often  be  distinctly  seen  on  cliffs, 


,^^'        X-     y      /     /    /     /    /    I   / 

"...'">'  y  / / / / / 

— :::::--'-'  „,-"  y  /  /  /  /  / 

^^''        ,'^     y     y     /    /  / 


/ 
^.^-'      ,.-'     /    /   / 
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Fxo.  284.— SacnoN  of  lNGLnoa>  Strata,  as  nr  Fio.  288,  SBOwnro  that  thkt  vobk 
Pabt  of  a  Labqb  Cubyx. 

coast-lines,  or  other  exposures  of  rock  (Fig.  235).  The  observer 
cannot  long  continue  his  researches  in  the  field  without  discovering 
that  the  strata  composing  the  earth's  outer  crust  have  been  almost 
everywhere  thrown  into  curves,  usually  so  broad  and  gentle  as  to 
escape  observation  except  when  specially  looked  for. 

If  the  inclination  and  curvature  of  rocks  are  so  closely  connected, 
a  corresponding  relation  must  hold  between  their  strike  and  curvature. 
In  fact,  the  prevalent  strike  of  a  region  is  determined  by  the  direo- 
tion  of  the  axes  of  the  great  folds  into  which  the  rocks  have  been 
thrown.  If  the  curves  are  gentle  and  inconstant  there  will  be  a 
corresponding  variation  in  the  strike.  Bat  should  the  rooks  be 
8tron|;ly  plicated,  there  will  necessarily  be  the  most  thorough 
coincidence  between  the  strike  and  the  direction  of  the  plication. 

Monoclines. — Curvature  occasionally  shows  itself  among  hori* 
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^Dtal  or  gently  inclined  strata  in  tbe  form  of  an  abrupt  inclination, 
and  then  an  immediate  resumption  of  the  previous  flat  or  gently 
sloping  character.     The  strata  are  thus  bent  up  and  continue  on  the 
other  side  of  the  fold  at  a  higher  level.    Such  bends  are  called 


Fig.  235.— Oubvsd  BiLUBiAir  Bookb  on  thb  Ooast  of  Bebwiokshibb. 

Monoclines  or  monoclinal  folds,  because  they  present  only 
one  fold,  or  one  half  of  a  fold,  instead  of  the  two  in  an  arch  or  trough 
(Fig.  255,  Section  1).  The  most  notable  instance  of  this  structure  in 
Britain  is  that  of  the  Isle  of  Wight  (Fig.  236),    where  the  Ore- 


Fio.  236. — SsonoN  of  a  Monoolihal  Fold,  Isle  of  Wight. 

taceous  rocks  («)  on  the  south  side  of  the  island  rapidly  rise  in 
inclination  till  they  become  nearly  vertical,  while  the  Lower 
Tertiary  strata  (t)  follow  with  a  similar  steep  dip,  but  rapidly 
flatten  down  towards  the  north  coast.  Probably  the  most  gigantic 
monoclinal  folds  in  the  world  are  those  into  which  the  remarkably 
horizontal  and  undisturbed  rocks  of  the  Western  States  and  territories 
of  the  American  Union  have  been  thrown.^ 

From  the  abundance  of  inclined  strata  ajl  over  the  world  we  may 
readily  perceive  that  the  normal  structure  of  the  visible  part  of  the 
earth's  crust  is  one  of  innumerable  folding  of  the  rocks.  Some- 
times more  steeply,  sometimes  more  gently  undulated,  not  infre- 
quently dislocated  and  displaced,  tbe  sedimentary  accumulations  of 
former  ages  everywhere  reveal  evidence  of  great  internal  movement 
Here  and  there  the  movement  has  resulted  in  the  formation  of  a 

1  See  Powell's  ''Exploration  of  the  Colorado  River  of  the  West,"  and  ''Geology  of 
•the  Uintah  Monntaina,"  in  the  Beporto  of  the  United  States  Geographical  and 
Geobgical  Survey. 
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dome-shaped  elevation  of  the  strata,  wherein,  as  if  pnshed  np  from  a 
single  point,  they  slope  away  on  all  sides  from  the 
centre  of  greatest  uptbrust,  with  a  qud^ud-venal  dip. 
Where  the  top  of  the  dome  has  been  removed  the 
successiye  outcrops  of  the  strata  form  concentric  rings, 
the  lowest  at  the  centre,  the  highest  at  the  circum- 
ference (A  in  Figs.  231  and  232). 

Anticlines  and  Bynclines. — ^But  in  the  vast 
majority  of  cases  the  folding  has  taken  place,  not 
round  a  point  but  along  an  axis.  Where  strata  dip 
away  from  an  axis  so  as  to  form  an  arch  or  saddle,  the 
structure  is  termed  an  Anticline,  or  anticlinal 
axis  (Fig.  237).     Where  they  dip  towards  an  axis. 


Fio.  237. — ^Arch,  OB  ANnoLnnB,  which  has  been  denuded  bt  the 
Rem OTAL  or  Beds,  as  shows  bt  the  Dotted  Line  a  •  abovh 
THE  Axis  &. 

forming  a  trough  or  basin,  it  is  called  a  Syncline, 
or  synclinal  axis  TFig.  238).  An  anticlinal  or 
syncUnal  axis,  must  luways  die  out  unless  abruptly 
terminated  by  dislocation.  In  the  case  of  the  anti* 
cline  the  axis,  after  continuing  horizontal,  or  but  slightly 
inclined,  at  last  begins  to  turn  downward,  the  angle  of 
inclination  lessens,  and  the  arch  then  ends  or  ^'  noses 


Fio.  28S.— Tbouoh,  ob  Btnolinb,  with  Stbata  (a  0)  Bomo  fbom 
Each  Side  of  a  Centbal  Axis  h. 

onf  In  a  syncline  the  axis  eventually  bends  upward, 
and  the  beds,  with  gradually  lessening  angles,  swing 
ronnd  it.  In  a  symmetrical  anticline  or  syncline  the 
angle  of  slope  is  the  same  or  nearly  so  on  either  side 
(Figs.  237, 238).  But  &  difference  of  inclination  is  fre- 
quent! v  to  be  observed.  The  Appalachian  coal-field,  for 
example,  as  shown  by  H.*D.  and  W.  B.  Bogers,  presents 
an  instructive  series  of  plications,  beginning  with  sym- 
metrical folds,  succeeded  by  others  with  steep  fronts 
towards  the  west,  until  at  last  these  steeper  fronts  pass 
under  the  opposite  sides  of  the  arches,  giving  rise  to  a 
series  of  inverted  folds  (Fig.  239). 
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Inversion. — Inverted  folds  occur  abnndantlv  in  regions  of  great 
plication.  The  Silurian  uplands  of  the  south  of  Scotland,  for  instance, 
nave  the  arches  and  troughs  tilted  in  one  direction  for  miles  together, 
so  that  in  one  half  of  each  of  them  the  strata  lie  bottom  upwards 
(Fig.  240).     It  is  in  large  mountain-chains,  however,  that  inversion 


Fio.  240.— Intebtbd  Folds  and  Isooldtal  BrBUcrruBS. 

can  be  seen  on  the  grandest  scale.  The  Alps  furnish  numerous 
striking  illustrations.  On  the  north  side  of  that  chain  the  Secondary 
and  Tertiary  rocks  have  been  so  completely  turned  over  for  many- 
miles  that  the  lowest  beds  now  form  the  tops  of  the  hills,  while  the 
highest  lie  deep  below  them.  Individual  mountains,  such  as  the 
Glamisch  and  some  in  the  Cantons  Glarus  and  St.  Gidl  (Figs.  241, 


Fio.  241. — ^nnrEBSiON  nr  thb  GlArniboh  Mountain  (Baltibr^ 

242),  present  stupendous  examples  of  inversion,  great  ^ups  of 
strata  veins  folded  over  and  oyer  each  other  as  we  might  fold 
carpets.    (See  p.  314.) 


5L---'V^ 


Fio.  242.— iNVXBnoN  avono  thi  Mountains  Soutb  of  trb  Laki  or  WAXUomrADT, 
Cantons  Olabus  and  St.  Gall  (iu  ton  Hxim). 

e,JSoce!k^  c,  Oreiaoeong ;   w  J.  White  Juim ;  6i.  Brown  Juim ;  I.Trm;  a,  ■chiilofd 
rocks,  perhaps  metamorphoeed  Faheoioic  formations. 

Where  a  series  of  strata  has  been  so  folded  and  inverted  that  its 
reduplicated  members  appear  to  dip  regularly  in  one  direction,  the 
structure  is  termed  isoclinal.    This  structure,  illustrated  on  a 
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small  scale  among  the  cnnred  Silurian  rocks  shown  in  Fig.  240, 
occurs  on  a  grand  scale  among  the  Alps,  where  the  folds  have  some- 
times been  so  squeezed  together  that,  when  the  tops  of  the  arches 
have  been  worn  away,  the  strata  could  scarcely  be  supposed  to  have 
been  really  inverted,  save  for  the  evidence  as  to  their  true  order  of 
succession  supplied  by  their  included  fossils.  The  extent  of  this 
compression  in  the  Alps  has  been  already  (p.  314)  referred  to.  So 
intense  has  been  the  plicatiou,  and  so  great  the  subsequent  denuda- 
tion, that  portions  of  Carboniferous  strata  appear  as  if  regularly 
interbedded  among  Jurassic  rocks,  and  indeed  could  not  be  separated 
save  after  a  study  of  their  enclosed  organic  remains. 

A  further  modification  of  the  folded  structure  is  presented  by  the 
fauHshaped  arrangement  {structwre  en  SverUaU,  Facher-FaUen)  into 


Pio.  243. — Fan-shaped  Stbuoturb,  Centbal  Alps. 
j%  Upper  Jurassio  Limestone ;  /,  Biown  Jam  and  Lias;  <,  Trias;  «,  Schistose  lockB. 

which  highly  plicated  rocks  have  been  thrown.  The  most  familiar 
example  is  that  of  MontBIanc,  where  the  sedimentary  strata  at  high 
angles  seem  to  dip  under  the  crystalline  schists  (Fig.  243). 


Fio.  244.— Locally  Cbumfled  Strata  hkab  a  fault,  Dalquhabrak,  Atbshire. 
d.  Shales ;  e,  Limestone ;  h,  Boolder-clay. 

Ommpling. — ^In  the  general  plication  of  a  district  there  are 
usually  localities  where  the  pressure  has  been  locally  so  intensified 
that  tne  strata  have  been  corrugated  and  crumpled  till  it  becomes 
almost  impossible  to  follow  out  any  i>articular  bed  through  the 
disturbed  grounds  On  a  small  scale  instances  of  such  extreme 
(Contortion  may  now  and  then  be  found  at  faults  and  landslips,  where 
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fiBsile  shales  have  been  corrugated  by  subsiding  heavy  masses  of 
more  solid  rock  rPig.  244).  But  it  is,  of  course,  among  the  more 
plicated  parts  of  mountain-chains  that  the  structure  receives  its 
best  illustrations.  Few  travellers  who  have  passed  the  upper  end 
of  the  Lake  of  Lucerne  can  have  failed  to  notice  the  remarkable 
cliffs  of  contorted  rocks  near  Fluelen.  But  innumerable  examples 
of  equal  or  even  superior  grandeur  mav  be  observed  among  the 
more  precipitous  valleys  of  the  Swiss  Alps.  No  more  impressive 
testimony  could  be  given  to  the  potency  of  the  force  by  which 


FlO.  245.— PlBOI  OF  AlPINB  LtMBSTONI,   showing  FINB  PuOKSBOrO  FBODUCKD  BT 

Great  Latbbal  OouPBESsioif. 

mountains  were  upheaved.  And  yet,  striking  as  are  these  colossal 
examples,  involving  as  they  do  whole  mountain  masses  in  their 
folds,  their  eff^t  upon  the  mind  is  even  heightened  when  we  dis- 
cover that  such  has  been  the  strain  to  which  solid  limestones  and 
other  rocks  have  been  subjected  that  even  their  minuter  layers  have 
been  intensely  puckered.  Some  of  these  minor  crumplings  are  readily 
visible  to  the  eye  in  hand-specimens  (Figs.  18,  245).  %ut  in  many 
foliated  crumpled  rocks  the  puckerine  descends  to  such  extreme 
minuteness  as  to  be  discernible  only  with  the  microscope  (Fig.  19). 


Fio.  246.— TJvsQUAL  Oomfmmion  of  Goal  nr  Obumfuiio,  Pbmbbokbhibi  (£.)•   ' 

It  may  often  be  observed  that  in  strata  which  have  been  intensely 
crumpled,  the  same  bed  is  reduced  to  the  smallest  thickness  in  the 
arms  of  the  folds,  but  swells  out  at  the  bends  as  if  squeezed  laterally 
into  these  loops.  This  appearance,  so  noticeable  on  a  great  scale  in 
mountain  structure,  may  be  seen  locally  among  low  grounds,  as  in 
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Pembrokeshire^  where  De  la  Beche  has  shown  that  the  roofs  and 
pavements  of  coal-seams  are  brought  together,  the  coal  itself,  as 
naving  least  resistance,  being  thrust  into  me  loops  (Fig.  246). 

Deformation. — During  the  intense  compression  to  which  rocks 
have  been  subjected  their  individual  particles  have  been  compressed, 
elongated  and  fractured,  as  is  instructively  shown  bv  the  deforma- 
tion of  pebbles  and  of  fossils.  These  effects  have  already  (p.  311) 
been  referred  to. 

Pabt  V.— Cleavage. 

Cleavage-structure  havinf^  been  described  at  p.  310,  we  have  to 
notice  here  the  manner  in  which  it  presents  itself  on  the  lai^e  scale 
among  rock-masses.  The  direction  of  cleavage  usuallv  remains  per- 
sistent over  considerable  regions,  and,  as  was  shown  oy  Sedgwick,^ 
corresponds,  on  the  whole,  witn  the  strike  of  the  rocks.  It  is,  however, 
independent  of  bedding.  Among  curved  rocks  the  cleavage  planes 
may  be  seen  traversing  the  plications  without  sensible  deflection 
from  their  normal  direction,  parallelism,  and  high  angle.    But  their 


o  6  « 

FlO.  247.— OUBTKD  AND  GOHTOBTSD  DSTONIAN  BOOU,  KBAB  IlFBAOOMBI  (J7.)* 

Bedding  and  oleaTage  pknet  are  ooinoident  at  a  and  o,  bat  nearly  at  right  angles  at  6. 

general  coincidence  with  the  axes  of  plications  serves  to  indicate  a 
community  of  origin  for  cleavage  and  folding,  as  results  of  the 
lateral  compression  of  rocks.  Among  curved  strata  the  planes  of 
cleavage  sometimes  coincide  with  and  are  sometimes  at  right  angles 
to  the  planes  of  bedding,  according  to  the  angles  of  the  folding  (Fig. 
247).  The  persistence  of  cleavage  planes  across  even  the  most  diverse 
kinds  of  rock,  both  sedimentary  and  igneous,  was  first  described  bv 
Sedgwick.  Jukes  also  pointed  out  that  over  the  whole  of  the  south 
of  £eland  the  trend  ot  the  cleavage  seldom  departs  10"*  from  the 
normal  direction  E.  25"^^,  no  matter  what  may  be  the  differences  in 
character  and  age  of  the  rocks  which  it  crosses.  But  though  cleavage 
is  so  persistent,  it  is  not  equally  well  developed  in  every  kmd  of 
rock.  As  already  explained  (p.  311),  it  is  most  perfect  in  fine- 
grained argillaceous  rocks,  whicn  have  been  altered  by  it  into  slates, 
and  may  to  observed  at  once  to  change  its  character  as  it  passes 
from  such  rocks  into  others  of  a  more  granular  or  gritty  texture. 
Occasional  traces  of  distortion  or  deviation  of  the  cleavage  planes 
may  be  observed  at  the  contact  of  two  dissimilar  kinds  of  rock 
(Fig.  248). 

>  ''On  the  Btmetnre  of  Large  Mineral  Haasee,"  Tram,  €ML  8oe,  2nd  Ser.  m.— an 
admirable  memoir,  in  which  the  atroeture  of  a  great  oleaTage  region  ia  dearlj  and 
graphioaUj  deeoribed. 
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A  region  may  haye  been  subjected  at  snccessive  intervals  to  the 
compression  that  has  produced  cleayage.  The  Silurian  rocks  of  the 
south-west  of  Ireland  were  upturned  and  probably  cleaved   before 


Fio.  248.— Olravbd  Strata,  Witslisooiibb,  Wwt  Somebsbt  (B.)« 
Showing  the  deayage  lines  a  a  sUghily  undulating  at  the  partings  of  the  strata  b  6. 

the  deposition  of  the  Old  Red  Sandstone,  which  has  in  turn  been 
well  cleaved.^  Evidence  of  the  relative  date  of  cleavage  may  be 
obtained  from  nuconformable  junctions  and  from  conglomerates. 
An  undeaved  series  of  strata,  lying  upon  the  denuded  edges  of  an 
older  cleaved  series,  proves  the  date  of  cleavage  to  be  intermediate 
between  the  periods  of  the  two  groups.    Fragments  of  cleaved  rocks 


Fio.  249.— Ykn  of  Pobphtbt  (a)  CBossnro  Dbtoniak  Slatib  (6),  Pltmooth 

SOUHD,  BOTH  BEINO  TBAYKBSID  BT  OlBATAOB  (B.). 

in  an  undeaved  conglomerate  show  that  the  rocks  whence  they  were 
derived  had  already  suffered  cleavage  before  the  detritus  forming 
the  conglomerate  was  removed  from  them.  An  intrusive  igneous 
rock,  traversed  with  deava^  planes  like  its  surronnding  mass,  points 
to  deavage  subsequent  to  its  intrusion  (Fig.  249).' 

Pabt  VI.— Dislocation. 

The  movements  which  the  crust  of  the  earth  has  undergone 
have  not  only  folded  and  corrugated  the  rocks,  but  have  fractured 
them  in  all  directions.  These  dislocations  may  be  either  simple 
Fissures,  that  is,  rents  without  any  vertical  displacement  of  the 
mass  on  either  side,  or  Faults,  that  is,  rents  where  one  side  has 
been  puAed  up  or  has  sunk  down.  It  is  not  always  possible  in  a 
shattered  rock  to  discriminate  between  joints  and  fissures  which 
seem  there  to  be  both  the  simultaneous  effects  of  the  same  cause, 
>  Dela  Beohe,  *«Geol.  Obs.**  p.  620.  '  De  la  Beohe,  «p.  eU,  p.  621. 
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the  fissnreB  being  merely  enlarged  joints.  It  is  common  to  meet 
with  traces  of  friction  along  the  walls  of  fissures,  even  when  no  proof 
of  actual  vertical  displacement  can  be  gleaned.  The  rock  is  then 
often  more  or  less  shattered  on  either  side,  and  the  contiguous  faces 

S resent  rubbed  and  polished  or  **  slickensided  "  surfSeu^es.  Mineral 
eposits  may  also  commonly  be  obserred  encrusting  the  cheeks  of  a 
fissure,  or  filling  up,  together  with  broken  fragments  of  rock,  the 
space  between  the  two  walls.  The  structure  of  mineral  veins  in 
nssures  is  described  in  Part  IX. 

In  a  large  proportion  of  cases,  however,  there  has  been  not  only 


Fio.  250.— SsonoN  of  Shabplt-Detzmsd  Fauia!  without  Gontobtion  of  the  Rooks. 

fracture  but  displacement.  The  rents  have  become  faults  as  well 
as  fissures.  Faults  on  a  small  scale  are  sometimes  sharply-defined 
lin^  as  if  the  rocks  had  been  sliced  through  and  fitted  tc^ether 
again  after  being  shifted.     In  such  cases,  however,  the  harder 

S>rtions  of  the  dislocated  rocks  will  usually  be  found  slickensided. 
ore  frequently  some  disturbance  has  occurred  on  one  or  both  sides 
of  the  fault  (Fig.  251).    Sometimes  in  a  series  of  strata  the  beds  on 


Fio.  251. — Sbchon  of  a  Fault,  bhowino  DnrruBBAVOB  of  Books. 

the  side  which  has  been  pushed  up  are  bent  down  against  the  fault, 
while  those  on  the  opposite  side  are  bent  up  (Fiff.  252).  Most  com- 
monly the  rocks  on  both  sides  are  consiaerabfy  brofcen,  jumbled, 
and  crumpled,  so  that  the  line  of  fracture  is  marked  by  a  belt  or 
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wall-like  mass  of  fragmentary  rock,  known  as  "  fault-rock."  Where 
a  dislocation  has  occurred  through  materials  of  very  unequal  hardnessy 
such  as  solid  limestone  bands  and  soft  shales,  or  where  its  course  has 
been  undulating^  the  relative  shifting  of  the  two  sides  has  occaaioDally 
brought  opposite  prominences  together  so  as  to  leave  wider  inter- 
spaces (Fig.  301).  The  actual  breadth  of  a  fault  may  vary  from  a 
mere  chink  into  which  the  point  of  a  knife  could  hardly  be  inserted, 
up  to  a  band  of  broken  and  often  consolidated  materials  many  yards 


Fio.  252.— ^BcmoN  of  Fault  with  Inyebtid  Bids  ok  the  Dowv-thiiow  Biml 

wide.  Where  a  fault  has  a  considerable  throw  it  is  sometimes  flanked 
by  parallel  small  faults.  The  occurrence  of  these  close  together  will 
ODviously  produce  the  appearance  of  a  broad  zone  of  much  fractured 
rock  along  the  trend  of  a  main  fissure.  A  line  of  disturbance  may 
consist  of  several  parallel  faults  of  nearly  equal  magnitude  (Fig.  255, 
Section  3). 

Inclination  of  Faults. — Faults  are  sometimes  vertical,  but  are 
generally  inclined.  The  largest  faults,  that  is,  those  which  have 
the  greatest  vertical  displacement,  slope  at  high  angles,  while  those 


Fie.  253. — BionoN  of  Gboup  of  Faults,  Coawt  of  Glaxobgaksrire,  Wmt  or 
Latbrnogk  Point  {B,). 

mmmt  three  adjacent  faults  by  which  the  inclination  of  the  strata  is  shifted  and  soaie 
of  the  beds  are  crumpled ;  a,  dolomitic  limestone  and  marl ;  h,  c,  d,  e./,  dolomitie 
limestone ;  g^  dolomitic  conglomerate ;  h,  beds  corresponding  with  those  on  the  Idt ; 
2,  Lias,  thrown  in  by  a  **  reversed  '  fault. 

of  only  a  few  feet  or  yards  may  be  inclined  as  low  as  18®  or  2lOP. 
The  inclination  of  a  fault  from  the  vertical  is  called  its  hade.  In 
Fig.  254,  for  example,  the  fault  at  B,  being  vertical,  has  no  hade,  bat 
that  at  A  hades  at  an  angle  of  70""  from  the  vertical  to  the  left  hand. 
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The  amonnt  of  displacement  is  represented  as  the  same  in  both  in- 
stances, so  that  the  leTcl  of  the  beds  is  raised  between  the  two 
faults  above  the  uniform  horizon  which  it  retains  beyond  them. 

The  effect  of  the  inclination  of  faults  is  to  give  the  appearance 
of  lateral  displacement.  In  Fig.  254,  for  example,  where  the  bade  of 
one  fault  is  oonsiderabloi  the  two  severed  ends  {e  and  d)  of  the  black 
bed  appear  to  have  been  pulled  asunder.  The  horizontal  distance 
to  which  they  are  removed  does  not  depend  upon  the  amount  of 
yertical  displacement,  but  upon  the  an^le  of  hade.  A  small  fault 
with  a  great  hade  will  shift  strata  lateraUy  much  more  than  a  large 
fault  with  a  small  hade.  It  is  obvious  that  the  angle  of  hade  must 
seriously  affect  the  value  of  a  coal-field.  If  the  black  bed  in  the 
same  figure  be  supposed  to  be  a  coal-seam,  it  could  be  worked  from 
either  side  up  to  o  and  d,  but  there  would  be  a  space  of  barren 
ground  between  these  two  points,  where  the  seam  never  could  be 
found.  The  lower  the  angle  of  hade  the  greater  the  breadth  of 
such  barren  ground.  Hence  the  more  nearly  vertical  the  lines  of 
faulty  the  bettor  for  coal-fields. 


Fio.  251— SBonov  of  iBCLonsD  and  Yebtioal  Faults. 

In  the  vast  majority  of  cases  faults  hade  in  the  direction  of 
downthrow,  in  other  words,  they  slope  away  from  the  side  which  has 
risen.  The  explanation  of  this  structure  is  doubtless  to  be  found  in 
the  fact  that  the  portion  of  the  terrestrial  crust  towards  which  a 
fault  hades  presents  a  less  area  of  base  to  pressure  from  below,  and 
has  thus  a  smaller  support  than  the  mass  with  the  broad  base  on 
the  opposite  side.  The  mere  inspection  of  a  fault  in  any  natural  or 
artificial  section  suffices,  in  most  cases,  to  show  which  is  the  upthrow 
side.  In  mining  operations  the  knowledge  of  this  rule  is  invaluable, 
for  it  decides  whether  a  coal-seam,  dislocated  by  a  fault,  is  to  be 
sought  for  by  going  up  or  down.  In  Fig.  254,  a  miner  working  from 
the  left,  and  meeting  with  the  fault  at  o,  would  know  from  its  hading 
towards  him  that  he  must  ascend  to  find  the  coal.  On  the  other 
hand,  were  he  to  work  from  the  right,  and  catch  the  fault  at  d,  he 
would  see  that  it  would  be  necessary  to  descend.  According  to  this 
rule,  a  normal  fault  never  brings  one  part  of  u  bed  below  another  part, 
so  as  to  be  capable  of  being  pierced  twice  by  the  same  vertical  snaft. 
Exceptional  cases,  however,  or  "  reversed  faults,"  where  the  hade  is 
reversed,  do  occasionally  appear,  especially  in  regions  where  the 
•rocks  have  been  excessively  plicated,  and  where  one  half  of  a  fold 
has  been  pushed  over  another  (Figs.  253  and  255,  section  4). 
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Connection  between  Faults  and  Folds. — ^A  monoclinal  fold  mmT 
by  increase  of  moTement  be  developed  into  a  Caolt  (Fig.  2551 
Beautiful  examples  of  this  relation  have  been  observed  hj  PoweU 
and  others  among  the  little  disturbed  formations  of  the  great 
plateaux  of  Utah  and  Wyoming.  Other  illustrations  have  oeen 
adduced  by  Heim  from  the  more  plicated  rocks  of  the  Alps.^ 


Fig.  255. — SBomoNS  to  tHOW  thi  belations  of  Monoolinal  Folds  amd  Vavut^ 
ly  Monoclhial  fold;  2, Monoolinal  fold  replaced  by  a  single  fracture;  8,  MonoolioAl 
fold  oonyerted  into  a  aeries  of  parallel  fractures ;  4,  Monoclinal  fold  dereloped  by 
increase  of  plication  into  a  reversed  fault 

Throw  of  Faults. — That  faults  are  vertical  displacements  of 
parts  of  the  earth's  crust  is  most  clearly  shown  when  they  traverse 
stratified  rocks,  for  the  regular  lines  of  bedding  and  the  originally 
flat  position  of  these  rocks  afford  a  measure  of  the  disturbance.  In 
Fig.  254  the  same  series  of  strata  occur,  on  either  side  of  each  of  the 
two  faults,  and  the  same  stratum  can  be  recognized,  so  that  measure- 
ment of  the  amount  of  displacement  is  here  obviously  simple.  The 
measurement  is  made  from  the  truncated  end  of  any  given  stratum 
vertically  to  the  level  of  the  opposite  end  of  the  same  stratum  on 
the  other  side  of  the  fault.  Where  the  fault  is  vertical,  like  that  to 
the  right  in  Fig.  254,  the  mere  distance  of  the  fractured  ends  from  eadi 
other  is  the  amount  of  displacement.  In  an  inclined  &ult  the  level 
of  the  selected  stratum  is  protracted  across  the  fissure  until  a 
vertical  from  it  will  reach  the  level  of  the  same  bed,  as  shown  by  the 
dotted  lines.  The  leuKth  of  this  vertical  is  the  amount  of  vertical 
displacement,  or  the  throw  of  the  fault. 

Unless  beds  the  horizons  of  which  are  known  can  be  recomizedon 
both  sides  of  a  fault,  exposed  in  a  cliff  or  other  section,  the  (ami  at  that 
particular  place  does  not  reveal  the  extent  of  its  displacement  It 
would  not,  in  such  a  case,  be  safe  to  pronounce  the  mult  to  be  large 
or  small  in  the  amount  of  its  throw,  unless  we  had  other  evidence 
from  which  to  infer  the  geological  horizon  of  the  beds  on  either  side. 
A  fault  with  a  considerable  amount  of  displacement  may  make  little 
show  in  a  diff,  while,  on  the  other  hand,  one  which,  to  judge  from  the 
jumbled  and  fractured  ends  of  the  beds  on  either  side,  might  be 
supposed  to  be  a  powerful  dislocation,  may  be  found  to  be  of  com- 
paratively slight  importance.  Thus,  on  the  cliff  near  Stonehaven,  in 
kincardineshire,  one  of  the  most  notable  faults  in  Great  Britain  runs 
out  to  sea,  between  the  ancient  crystalline  rocks  of  the  Highlands 

>  See  PoweU  in  the  worki  cited  alreadj  on  p.  516.     Heim,  MeeJumimm  dmr  CMritp- 
kOdung,  Plate  xt.,  Fig.  14. 
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and  the  Old  Bed  sandstones  and  conglomerates  of  the  Lowlands  of 
Scotland.  So  powerful  have  been  its  effects  that  the  strata  on  the 
Lowland  side  have  been  thrown  on  end  for  a  distance  of  two  miles 
back  from  the  line  of  fracture,  so  as  to  stand  upright  along  the 
coast-cliffs,  like  books  on  a  library  shelf.  Yet  at  the  actual  point 
where  the  fault  reaches  the  sea  and  is  cut  in  section  by  the  shore- 
cliff,  it  does  not  appear  as  a  line  of  shattered  rock.  On  the 
contrary,  no  one,  placed  at  once  upon  the  spot,  would  be  likely  to 
suspect  the  existence  of  a  fault  at  alL  The  red  sandstone  and  the 
reddened  Highland  slates  have  been  so  compressed  and,  as  it  were, 
welded  into  each  other,  that  some  care  is  required  to  trace  the  de- 
marcation between  them. 

Variations  in  the  Effects  of  Faults. — ^The  same  fault  may  give 
rise  to  very  different  effects,  according  to  variations  in  the  inclination 
or  curvature  of  the  rocks  which  it  traverses,  or  to  the  influence  of 
branch  faults  diverging  from  it.  Faults  among  inclined  strata  may, 
in  most  districts,  be  conveniently  grouped  into  two  series,  one  running 
in  the  same  general  direction  as  the  dip  of  the  strata,  the  other 
approximating  to  the  trend  of  the  strike.  They  are  accordingly 
classified  as  dip-faults  and  drike-faulis^  which,  however,  are  not 
always  to  be  sharply  marked  off  from  each  other,  for  the  dip-faults 
will  often  be  observed  to  deviate  considerably  from  the  normal 
direction  of  dip,  and  the  strike-faults  from  the  prevalent  strike,  so 
that  in  such  cases  they  pass  into  each  other. 

A  dip-fault  produces  at  the  surface  the  effect  of  a  lateral  shift  of 
the  strata.  This  effect  increases  in  proportion  as  the  angle  of  dip 
lessens,  but  ceases  altogether  when  the  beds  are  vertical    Fig.  256 


Fio.  256.— Plah  of  Strata  out  by  a  Dif-Paui/t. 

may  be  taken  as  a  plan  of  a  dip-fault  (//)  traversing  a  series  of  strata 
which  dip  northwards  at  20^  The  beds  on  the  east  side  look 
as  if  they  had  been  pushed  horizontally  southwards.  That  this 
apparent  horizontal  displacement  is  due  really  to  a  vertical  move- 
ment, and  to  the  subsequent  planing  down  of  the  surface  by  denu- 
ding agents,  will  be  clear,  if  we  consider  what  must  be  the  effect 
of  the  vertical  ascent  or  descent  of  the  inclined  beds  on  one  side  of 
a  dislocation.  The  part  on  one  side  of  the  fracture  is  pushed  up,  or, 
what  is  equivalent^  tnat  on  the  other  side  is  let  down.    If  the  strike 
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of  the  beds  be  supposed  to  be  east  and  west,  then  a  horizontal  plane 
cutting  the  dislocated  strata  will  show  the  portion  on  the  west 
or  upthrow  side  of  the  fault  lying  to  the  north  of  that  on  the  east 
or  downthrow  side.  The  effect  of  denudation  has  usually  heea 
practically  to  produce  such  a  plane,  and  thus  to  exhibit  an  ap- 
parently lateral  shift.  This  surface  displacement  has  been  termed 
the  heave  of  a  fault  Its  dependence  upon  the  angle  of  dip  of  the 
strata  may  be  seen  by  a  comparison  of  Sections  A  and  B  in  Fig.  257. 


'"...t) 


Fio.  257. — Sections  to  show  thb  VABiATioy  or  Hobizomtal  Displaobmbnt  ob 
Hbavb  of  Faults,  aooobdino  to  thb  Angle  or  iNauNATiON  or  Stbata. 

In  the  former,  the  bed  a  h,  which  may  be  supposed  to  be  one  of  those 
in  Fig.  256y  dipping  north,  at  20"^,  once  prolonged  above  the  present 
surface  (marked  by  the  horizontal  line),  is  represented  as  haying 
dropped  from  w  h  to  c  d.  The  heaTO  amounts  to  the  horizontal 
distance  between  e  and  &,  the  throw  bein^  the  vertical  distance 
between  h  and  d.  But  if  the  angle  should  rise  to  SO"",  as  in  B, 
though  the  amount  of  throw  or  vertical  displacement  is  there  one- 
fourth  greater,  the  heave  or  horizontal  shift  diminishes  to  less  than  a 
half  of  what  it  is  in  A.  This  diminution  will  continue  with  every 
increase  of  iDclination  in  the  strata  till  among  vertical  beds  there 
can  be  no  heave  at  all. 

Strike-faults,  where  they  exactly  coincide  with  the  strike,  may 

/ 


A.  /  B. 

Fxo.  258.— Stbike-Fault. 
A,  Plan ;  B,  Seotion  across  the  plan  in  the  line  of  the  arrows. 

remove  the  outcrop  of  some  strata  by  never  allowing  them  to 
reach  the  surface.  Fig.  258  shows  a  plan  (A)  and  section  (B)  of 
one  of  these  faults  / /*,  having  a  downthrow  towards  the  direction 
of  dip.    In  crossing  the  strike  we  pass  successively  over  the  edges 
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of  all  the  beds,  except  the'  part  between  the  asterisks^  which  is  cut 
out  by  the  faalt  as  shown  in  the  section.  It  seldom  happens,  how- 
ever,  that  snch  strict  coincidence  between  faults  and  strike  continues 
for  more  than  a  short  distance.  The  direction  of  dip  is  apt  to  yary 
a  little  eyen  among  comparatiyely  undisturbed  strata,  eyery  such 
yariation  causing  the  strike  to  undulate  and  thus  to  be  cut  more  or 
less  obliquely  by  the  line  of  dislocation,  which  may  neyertheless  run 
quite  straight.  Moreoyer,  any  increase  or  diminution  in  the  throw 
of  a  strike-fault  will,  of  course,  haye  the  effect  of  bringing  the  dis- 
located ends  of  the  beds  against  the  line  of  dislocation.  In  Fig.  259, 
for  instance,  which  represents  in  plan  another  strike-fault  (/),  we  see 
that  the  amount  of  tnrow  increases  towards  the  right  so  as  to  allow 
lower  beds  successiyely  to  appear  on  one  side,  while  towards  the  left 
it  diminishes,  and  finally  dies  out  in  bed  T. 


Fio.  259.— Flak  of  Strata  TBAYasaED  bt  a  Diminibhino  Stbikb-Favlt. 

Their  effects  become  more  -  complicated  where  faults  trayerse 
undulating  and  contorted  strata.  The  connection  between  folding 
and  fracture  has  already  been  adyerted  to  in  the  case  of  monocliDal 
bends.  It  sometimes  happens  that  the  plications  are  subsequently 
fractured  so  that  the  fault  may  appear  to  be  alternately  a  down- 
throw OD  opposite  sides,  according  to  the  position  of  the  arches  and 
troughs  which  it  crosses.  This  structure  may  be  illustrated  by  a 
plan  and  sections  of  a  dislocated  anticline  and  syncline,  which  will 
also  show  clearly  how  the  apparently  lateral  displacement  of  outcrop 
produced  by  dip-faults  is  aue  to  yertical  ;noyement.  Fig.  26.0 
represents  a  plan  of  strata  thrown  into  an  anticlinal  fold  AA  and  a 
synclinal  fold  SS,  and  trayersed  by  a  fault  FF,  haying  an  upthrow 
(u  u)  to  the  east.  A  dip-fault  shifts  the  outcrop  towards  the  dip  on  the 
upthrow  side,  and  this  will  be  obseryed  to  be  the  case  here.  On  the 
west  side  of  the  fault,  the  black  bed  a,  dipping  towards  the  south, 
is  truncated  by  the  fault  at  u,  and  the  portion  on  the  upthrow 
side  is  shifted*  forwards  or  southward.  Grossing  the  synclme  >\e 
meet  with  the  same  bed  rising  with  a  contrary  dip^  and  as  the  up- 
throw of  the  fault  still  continues  on  the  same  side  the  portion  of  the 
bed  on  the  west  side  of  the  fault  must  be  sought  further  south. 
The  effect  of  the  fault  on  the  syncline  is  to  widen  the  distance 
between  the  two  opposite  outcrops  of  a  bed  on  the  downthrow  side, 
or  to  narrow  it  on  tne  upthrow  side.  On  the  southern  slope  of  the 
anticline  A  the  same  bed  once  more  appears,  and  again  is  shifted 
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forwards  as  before  on  the  upthrow  side.  Hence  in  an  antidine,  the 
reverse  effect  takea  place,  for  there  the  space  between  the  two 
outcrops  is  narrowed  on  the  downthrow  side.  A  section  along  the 
east  or  upcast  side  of  the  fault  would  give  the  structure  repres^ited 
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Fia.  260. — ^Plav  of  Aiitioline  (A)  and  Sthouhb  (S),  siblooatid  bt  ▲ 
Fault  (F  F). 

in  Fig.  261  (1) ;  while  one  along  the  downcast  side  would  be  as  in  (2). 
These  two  sections  clearly  prove  that  the  shifting  of  the  outcrops  at 
the  surface  can  be  simply  explained  by  a  mere  vertical  movement 
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Fxo.  261.— Sections  alono  the  Faitlt  in  Fio.  260. 
1,  Section  along  the  upcast  side ;  2,  Section  along  the  downthrow  side. 

Dying  out  of  Faults. — ^Dislocation  may  take  place  either  by 
a  single  fault  or  as  the  combined  effects  of  two  or  more.  Where 
there  is  only  one  fault,  one  of  its  sides  may  be  pushed  up  or  let 
down,  or  there  may  be  a  simultaneous  opposite  movement  on  either 
side.  In  such  cases,  there  must  be  a  gradual  dyine  out  of  the 
dislocation  towards  either  end ;  and  there  will  usuaUy  be  one  or 
more  points  where  the  displacement  has  reached  a  maximum. 
Sometimes,  as  may  be  seen  in  coal-workiugs,  a  feiult  with  a  consider- 
able maximum  throw  splits  into  minor  £ults  at  the  terminations. 
In  other  cases  the  ofishoots  take  place  along  the  line  of  the  main 
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fifigare.  Exceedingly  complicated  examples  occur  in  some  coal- 
fieldsy  where  the  connected  faults  become  so  numerous  that  no  one 
of  them  deserves  to  be  called  the  main  or  leading  dislocation.  By 
a  series  of  branch  faults  the  effect  of  a  main  fault  may  be  neutralized 
or  reversed.  Suppose,  for  example,  that  a  main  fault  at  its  eastern 
portion  throws  down  60  fathoms  to  the  north,  and  that  at  intervals 
three  faults  on  the  same  side  strike  off  from  it,  each  having  a  down- 
throw of  25  fathoms  to  the  east ;  the  combined  effect  of  these  branch 
faults  will  be  to  reverse  the  throw  of  the  main  fault  towards  its 
western  end,  and  make  it  a  downthrow  of  15  fathoms  to  the  south. 

Oronps  of  Faults. — ^The  subsidence  or  elevation  of  a  large 
mass  or  block  of  rock  has  usually  taken  place  by  a  combination  of 
faults.  Detailed  maps  of  coal-fields,  sucli  as  those  published  by 
the  Geological  Survey  of  Great  Britain  on  a  scale  of  six  inches  to  a 
mile,  furnish  much  instructive  material  for  the  study  of  the  way  in 
which  the  crust  of  the  earth  has  been  reticulated  by  iaults.    In  most 


Fio.  262. — "Maf  or  pabt  op  the  South  Walbb  Coal-held. 

A  A,  Goal  measures ;  L  L,  Carboniferous  limestone  dipping  beneath  the  ooal-measnres 
as  shown  by  the  arrows;  a  a,  dip-£ekults;  S,  Swansea;  M,  the  Mumbles; 
B.  0.  Bristol  ChanneL 

cases,  dip-faults  are  predominant,  sometimes  to  a  remarkable  extent, 
as  in  the  portion  of  the  South  Wales  coal-field  represented  in 
Fig.  262.  In  other  places  the  dislocations  run  in  all  directions  so 
as  to  divide  the  ground  into  an  irregular  network. 

It  often  happens  that,  by  a  succession  of  parallel  and  adjoininff 
faults,  a  series  of  strata  is  so  disloca,ted  that  a  given  stratum  which 
may  be  near  the  surface  on  one  side  is  carried  down  by  a  series  of 
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steps  to  some  distance  below.  Excellent  examples  of  these  step- 
faults  (Fig.  263)  are  to  be  seen  in  the  coal-fields  on  both  sides  of 
the  upper  part  of  the  estuary  of  the  Forth.    Instead,  however,  of 

•ONNVTOUN     mUL. 
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Fia.  263.— Stbp-Paultb,  LnniiTHOowaHiRs. 

havinfi^  the  same  downthrow,  parallel  faults  frequently  show  a  move- 
ment m  opposite  directions.  If  the  mass  of  rock  between  them  has 
subsided  relatively  to  the  surrounding  ground,  they  are  trough- 
faults  (Fig.  264).  They  enclose  wedge-shaped  masses,  of  which  the 
apices,  formed  by  the  junction  of  two  faults,  point  downwards.  It 
will  be  observed  that  the  hade  of  these  faults  is  in  each  case  towards 
the  downthrow  side,  and  that  the  wedge-shaped  masses  with  broad 
bottoms  have  risen,  while  those  with  narrow  bottoms  and  broad  tope 
baye  sunk. 


Fio.  264.— Tbouoh-Faultb. 

Detection  and  tracing  of  Faults. — As  a  rule,  faults  give  rise 
to  little  or  no  feature  at  the  surface,  so  that  their  existence  would 
commonly  not  be  suspected.  They  comparatively  rarely  appear  in 
visible  sections,  but  are  apt  rather  to  conceal  themselves  under 
surface  accumulations  just  at  those  points  in  a  ravine  or  other 
natural  section  where  we  might  hope  to  catch  them.  Yet  they 
undoubtedly  constitute  one  of  the  most  important  features  in  the 
geological  structure  of  a  district  or  country,  and  should  consequently 
be  traced  with  the  greatest  care.  In  the  majority  of  cases,  in 
countries  like  much  of  central  and  northern  Europe,  where  the 
ground  is  covered  with  superficial  deposits,  the  position  of  &ults 
cannot  be  seen,  but  must  be  inferred.  Experience  will  teach  the 
student  that  the  mere  visible  section  of  a  fault  on  some  cliff  or  shore 
does  not  necessarily  afford  such  clear  evidence  of  its  nature  and 
effects  as  may  be  obtained  from  other  parts  of  the  region  where  it 
does  not  show  itself  at  the  surface  at  all.  In  fact,  he  might  be 
deceived  by  a  single  section  with  a  fault  exposed  in  it,  and  might  be 
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led  to  regard  that  fault  as  an  important  and  dominant  one,  while  it 
might  be  only  a  secondary  dislocation  in  the  near  neighbourhood  of 
a  great  fracture,  for  which  the  evidence  would  be  elsewhere  obtain- 
able, but  which  might  never  be  seen  itself.  The  actual  position 
(within  a  few  yards)  of  a  large  fault,  its  line  across  the  country,  its 
effect  on  the  surface,  its  influence  on  geological  structure,  its  amount 
of  yertical  displacement  at  different  parts  of  its  course — all  this 
information  may  be  admirably  worked  out,  and  yet  the  actual 
firacture  may  never  be  seen  in  any  one  single  section  on  the  ground.- 
A  visible  exposure  of  the  fracture  would  be  interesting ;  it  would 
give  the  exact  position  of  the  line  at  that  particular  phce ;  but  it 
would  not  be  necessary  to  prove  the  existeuce  of  the  fault,  nor 
would  it  perhaps  furnish  any  additional  information  of  importance. 
The  existence  of  an  unseen  fault  may  usually  be  determined  by  an 


B  F 

Fig.  265.— Map,.  iLLVVTBAma  the  DETEcrnoN  of  as  uksze!!  Favlt. 

A,  Field-map*  ahowing  the  data  aotnaUy  obtained  on  the  groand ;  B,  oompleted  Map, 

showing  the  geological  stractnre  of  the  diBtrict 

examination  of  the  geological  structure  of  a  district.  An  abruptly 
truncated  outcrop  is  always  suggestive  of  fracture,  though  sometimes 
it  may  be  due  to  unconformable  deposition  against  a  steep  declivity. 
If  a  series  of  strata  (as  in  Fig.  265)  be  discovered  dipping  con- 
tinuously in  one  general  direction  at  angles  of  10''  or  more,  and  if  at 
a  short  distance  another  different  group  be  found  inclined  in  another 
direction,  the  two  series  thus  striking  at  each  other,  a  fault  will 
almost  always  be  required  to  explain  their  relation.  If  all  the 
evidence  obtainable,  from  the  sections  in  water-courses  or  other- 
wise, be  put  upon  a  map  (as  in  A,  Fig.  265)  it  will  be  seen  that 
a  dislocation  must  run  somewhere  near  the  points  marked  //  as 
there  is  no  room  for  either  series  to  turn  round  so  as  to  dip 
below  the  other.  They  must  be  mutually  truncated.  The  com* 
pleted  map  would  represent  them  separated  by  a  fetult  (FF,  in 


Digitized  by 


Google 


534  GEOTECTONIC  (STRUCTURAL)  GEOLOGY.  [Book  IY. 

Fig.  B).  The  upthrow  or  downcast  side  of  the  dislocation  would  be 
determined  by  the  observer's  knowledge  of  the  order  of  soperposition 
of  the  respective  groups  of  strata. 

The  existence  of  a  fanlt  having  been  thus  proved  from  an 
examination  of  the  geological  structure  of  the  ground,  its  line  across 
the  country  may  be  approximately  laid  down — 1st,  by  getting  ex- 
posures of  the  two  sets  of  rock,  or  the  two  ends  of  a  severed  outcrop 
on  either  side,  as  near  as  possible  to  each  other,  and  tracing  the  trend 
of  the  dislocation  between ;  2nd,  by  noting  lines  of  springs  along  the 
supposed  course  of  the  fault,  subterranean  water  frequently  finding 
its  way  to  the  surface  along  such  fissures;  3rd,  by  attending  to 
surface  features,  such  as  lines  of  hollow,  or  of  ridge  rising  above 
hollow,  the  effect  of  a  fault  often  being  to  bring  rocks  of  unequal 
resistaoce  together  so  as  to  allow  the  more  durable  to  rise  more  or 
less  steeply  from  the  fracture.^ 

Pabt  VIL^Ebuptivb  (Iqnboub)  Rocks  as  Pabt  of  thk 
Stbuotube  of  the  Eabth'b  Cbust. 

The  lithological  differences  of  eruptive  rocks  having  already  been 
described  in  &x)k  IL  (p.  129),  it  is  their  larger  features  in  the 
field  that  now  require  attention, — features  which  in  some  cases  are 
readily  explicable  by  the  action  of  modem  volcanoes ;  in  other  oases 
bring  before  us  parts  of  the  economy  of  volcanoes  never  observable 
in  any  recent  cone ;  or  reveal  deep-seated  rock-structures  which  lie 
fstr  beneath  the  upper  or  volcanic  zone  of  the  terrestrial  crust  A 
study  of  the  igneous  rocks  of  former  ages  as  built  up  into  the  frame- 
work of  the  crust,  serves  to  augment  our  knowledge  of  volcanic 
action. 

At  the  outset,  it  is  evident  that  if  eruptive  rocks  have  beoi 


FlO.  266.— EXTWSITELY-DIHUDID  VOLOAKIO  DUTBIOT  (B,), 

extruded  from  below  in  all  geological  ages,  and  if  at  the  same  time 
denudation  of  the  land  has  been  continuously  in  progress,  many 
masses  of  molten  material  poured  out  at  the  surface  must  have  been 
removed.  But  the  removal  of  these  superficial  sheets  must  neoee- 
sarily  have  uncovered  their  roots  or  downward  prolongations,  and 
the  greater  the  denudation  the  deeper  down  must  have  been  the 
original  position  of  the  rocks  now  exposed  to  daylight.  In  Fig.  266, 
for  example,  a  section  by  De  la  Beche  shows  a  district  in  which  a 
series  of  tuffs  and  breccias  (h  b)  traversed  by  dvkes  (a  a)  is  covered 
unconformably  by  a  newer  series  of  deposits  (ad).  Properly  to  ap- 
preciate the  relations  and  history  of  the  rocks,  we  must  bear  m  mind 
>  See  <*  Field  Oeology,"  by  tbe  Author,  OhApter  X. 
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that  originallj  tbey  presented  some  such  outline  as  in  Fig.  267,  where 
the  present  surfaoe  (that  of  Fig.  266)  down  to  which  denudation  has 


Fig.  267.— Restobed  Outlinb  of  the  obioinal  Fobh  of  Gbound  in  Fig.  266  (J?.), 

proceeded  is  represented  by  the  dotted  line  n  s}  We  may  therefore 
d  priori  expect  to  encounter  different  levels  of  eruptivity,  some  rocks 
being  portions  of  sheets  that  solidified  at  the  surface,  others  forminj^ 
different  parts  of  the  pipe  or  column  that  connected  the  superficial 
sheets  with  the  internal  reservoir  whence  the  lava  proceedea.  But 
we  may  also  infer  that  many  masses  of  molten  rock,  after  being 
driven  so  far  upward,  came  to  rest  without  ever  finding  their  way  to 
the  surface.  It  cannot  always  be  afiSrmed  that  a  given  mass  of  in- 
trusive Igneous  rock,  now  denuded  and  exposed  at  the  surface,  was 
ever  connected  with  any  superficial  manifestation  of  volcanic  action. 
Now  there  will  obviously  be  some  difference  between  the  super- 
ficial and  the  deep-seated  masses,  and  this  difference  is  of  so  much 
importance  in  the  interpretation  of  the  history  of  volcanic  action 
that  it  ou^ht  to  be  clearly  kept  in  view.  It  would  manifestly  lead 
to  confusion  if  no  distinction  were  drawn  between  those  igneous 
masses  which  reached  the  surface  and  consolidated  there,  like 
modem  lava-streams  or  showers  of  ashes,  and  those  which  never 
found  their  way  to  the  surface  but  consolidated  at  a  greater  or  less 
depth  beneath  it.  There  must  be  the  same  division  to  be  drawn  in 
the  case  of  every  active  volcano  of  the  present  day.  But  at  a 
modem  volcano  only  the  materials  which  reach  the  surface  can  be 
examined,  the  nature  and  arrangement  of  what  still  lies  underneath 
being  matter  of  inference.  In  vie  revolutions  to  which  the  crust  of 
the  earth  has  been  sul^ected,  however,  denudation  has,  on  the  one 
hand,  removed  superficial  sheets  of  lava  and  tuff,  and  has  exposed  the 
subterranean  continuations  of  the  erupted  rocks;  and,  on  tne  other 
hand,  has  laid  open  the  very  heart  of  masses  which,  though  eruptive, 
seem  never  to  have  been  directly  connected  with  actual  volcanic  out- 
bursts. All  those  subterranean  intruded  masses,  now  revealed  at  the 
surface  only  after  the  removal  of  a  depth  of  overlying  rock,  may  be 
^nped  together  into  one  division  under  the  names  Plutonic, 
Intrusive,  or  Subsequent.  On  the  other  hand,  all  those  which 
came  up  to  the  surfaoe  as  ordinary  volcanic  rooks,  whether  molten 
or  fragmental,  and  were  consequently  contemporaneously  interstra- 
tiAed  with  the  formations  which  happened  to  be  in  progress  <m  the 
surface  at  the  time,  may  be  classed  in  a  second  group  under  the 
names  Yoleanio,  Interbedded,  or  Contemporaneous* 
1  De  la  Beobe,  *'  GtooL  ObBonrer^**  p.  561. 
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It  is  obvions  that  theee  can  be  used  only  as  relatire 
Every  troly  volcanic  mass  which,  by  being  poured  out  as  a  laYm^ 
stream  at  the  surface,  came  to  be  regularly  interstratified  with  oon- 
temporaneous  accumulations,  must  have  been  directly  connecsted 
below  with  molten  matter  which  did  not  reach  the  sur£eu:e.  One 
part  of  the  total  mass  therefore  would  be  included  in  the  seoond 
group,  while  another  portion,  if  ever  exposed  by  ^eolomcal  revolii- 
tioDB,  would  be  classed  with  the  first  gronp.  Seldom,  however,  can 
the  same  masses  which  flowed  out  at  the  surface  be  traced  directly 
to  their  original  underground  prolongations. 

It  is  evident  that  an  intrusive  rock,  though  necessarily  subse- 
quent in  age  to  the  rocks  through  which  it  has  been  thrust,  need  nc^ 
be  long  subsequent.  Its  relative  date  can  only  be  certainly 
affirmed  with  reference  to  the  rocks  through  which  it  has  broken. 
It  must  obviously  be  younger  than  these,  even  though  they  lieupon 
it,  if  they  bear  evidence  of  alteration  by  its  influence.  The  probable 
geological  date  of  its  eruption  must  be  decided  by  evidence  to  be 
obtained  from  the  grouping  of  the  rocks  all  around.  Its  intruaiye 
character  can  only  certaimy  determine  the  limit  of  its  antiquity. 
We  know  that  it  must  be  younger  than  the  rocks  it  has  invaded; 
how  much  younger  must  be  otherwise  determined.  Thus,  a  mass  of 
granite  or  a  series  of  granite  veins  (a  a,  Fig.  268)  is  manifestly 


Fio.  26S.'8EonoK  bbowiko  the  Belatiyb  Age  or  ax  Intbubite  Bock  (B.). 

posterior  in  date  to  the  rocks  (b  b)  through  which  it  has  risen. 
J^ut  it  must  be  regarded  as  older  than  overlying  undisturbed  and 
unaltered  rocks  (e),  or  than  others  lying  at  some  distance  (ef)  which 
contain  worn  fragments  derived  from  the  granite. 

On  the  other  hand,  an  interbedded  or  contemporaneous  igneoos 
rock  hfts  its  date  precisely  fixed  by  the  geological  horizon  on  which 
it  lies.  Sheets  of  lava  or  tuff  Interpol  between  strata  in  which 
such  fossils  as  Calymene  Blvmenbaohii,  Leptsena  serioea^  Atrypa  reti" 
cularisy  Orthia  degantula,  and  Pentamerus  KnigUii  occur,  would 
be  unhesitatingly  assigned  by  a  geologist  to  submarine  volcanic 
eruptions  of  Upper  Silurian  age.  A  lava-bed  or  tuff  intercalated 
among  strata  containing  Sphenopteris  affints,  Lepidodendron  VdOwi- 
nUanumy  Leperditia,  and  other  associated  fossils,  would  unequivocally 
prove  the  existence  of  volcanic  action  at  the  surface  during  the 
Lower  Oarboniferous  period,  and  at  that  particular  part  of  the 
period  represented  by  the  horizon  of  the  volcanic  bed.  Similar 
eruptive  material  associated  with  Ammonites,  Bdemniiea,  PerUacrinites, 
&o.f  would  certainly  belong  to  some  zone  in  the  great  Mesozoic  suite 
of  formations.  An  interbedded  and  an  intmsive  mass  found  on  the 
same  platform  of  strata  need  not  necessarily  be  coeval.  On  the 
'''^ntrary,  the  latteji  if  clearly  intruded  along  the  horizon  of  the 
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former,  would  obviously  be  posterior  in  date.  It  will  be  understood 
then  that  the  two  groups  nave  their  respectiye  limits  determined 
mainly  by  their  relations  to  the  rocks  among  which  they  may  happen 
to  lie,  though  there  are  also  special  internal  characters  which  help  to 
discrimiDate  them. 

The  value  of  this  classification  for  geological  purposes  is  great.  It 
enables  the  geologist  to  place  and  consider  by  themselves  the  granites, 
quartz-porphyries,  and  other  crystalline  masses  which,  though  flying 
sometimes  perhaps  at  the  roots  of  ancient  volcanoes,  and  werefore 
intimately  connected  with  volcanic  action,  yet  owe  their  special 
characters  to  their  having  consolidated  uuder  pressure  at  spme  depth 
within  the  earth's  crust ;  and  to  arrange  in  another  series  the  lavas 
and  tuffs  which,  thrown  out  to  the  surface,  bear  the  closest  resem- 
blance to  the  ejected  materials  from  modern  volcanoes.     He  is  thus 
presented  with  the  records  of  hypogene  igneous  action  in  the  one 
group,  and  with  those  of  superficial  volcanic  action  in  the  other.    He 
is  furnished  with  a  method  of  chronologically  arranging  the  volcanic 
phenomena  of  past  ages,  and  is  thereby  enabled  to  collect  materials 
ibr  a  history  of  volcanic  action  over  the  globe. 

In  adopting  this  classification  for  unravelling  the  geological 
structure  of  a  region  where  igneous  rocks  abound,  the  student  will 
encounter  instances  where  it  may  be  difficult  or  impossible  to  decide 
in  which  ^roup  a  particular  mass  of  rock  must  be  placed.  He  will 
bear  in  mmd,  nowever,  that  after  all,  such  schemes  of  classification 
are  proposed  only  for  convenience  in  systematic  work,  and  that  there 
are  no  corresponding  hard  and  fast  lines  in  nature.  He  will  recog- 
nize that  all  crystamne  or  glassy  igneous  rocks  must  be  intrusive  at 
a  greater  or  less  depth  from  the  surface,  for  every  contemporaneous 
sheet  has  obviously  proceeded  from  some  internal  pipe  or  mass,  so 
that  though  interbeaded  and  contemporaneous  with  the  strata  at  the 
top,  it  is  mtrusive  in  relation  to  the  strata  below. 

The  characters  by  which  an  eruptive  (igneous)  rock  may  be 
distinguished  are  partly  lithological  and  partly  geotectonio.  The 
lithological  characters  have  already  been  fully  given  (Book  II. 
p.  129).  Among  the  more  important  of  them  are  the  predomi« 
nance  of  silicates,  and  notably  of  felspars,  hornblende,  mica,  augite, 
olivine,  &c;  a  prevailing  more  or  less  thoroughly  oystalline  structure ; 
the  frequent  presence  of  vitreous  matter,  either  macroecopically  or  mi- 
croscopically;  and  the  occurrence  of  porphyritic,  cellular,  pumiceous, 
slaggy,  and  amygdaloidal  structures.  These  characters  are  never 
aU  united  in  the  same  rock.  They  possess  likewise  various  values 
as  marks  of  eruptivity,  some  of  them  being  shared  with  the  crystal- 
line schists  which  were  certainly  not  eruptive.  On  the  whole, 
the  most  trustworthy  lithological  evidence  of  the  eruptive  character 
of  a  rock  is  the  presence  of  glass,  or  traces  of  an  original 
glassy  base.  We  do  not  yet  certainly  know  of  any  natural 
vitreous  substance  except  of  an  eruptive  nature.  The  occurrence  or 
association  of  certain  minerals,  or  varieties  of  minerals,  in  a  rock 
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may  also  afford  presnmptiTe  eyidenoe  of  its  igneous  origin.  Sanidiiiey 
leocite,  oliyine,  nepheline,  for  example,  are  for  the  most  part  charao> 
teristic  yolcanic  mmerals,  and  mixtures  of  finely  crystallized  tridinic 
felspars  with  dark  angite,  oliyine,  and  magnetic  iron,  or  with  hom- 
blende,  are  specially  met  with  among  eraptive  rocks. 

Bnt  it  is  the  geotectonic  characters  on  which  the  geologist  mnsi 
chiefly  rely  in  establishing  the  emptiye  nature  of  rocks.  These 
yary  aocormng  to  the  conditions  under  which  the  rocb  haye  con- 
solidated. We  shall  consider  them  as  they  are  displayed  by  the 
PlntoniCy  or  deep-seated,  and  Volcanic,  or  supernci^d  phase  <tf 
emptiyity. 

Section  L    Plutonic,  Intrusive  or  subsequent 
Phase  of  Eruptivity. 

We  haye  here  to  consider  the  structure  of  those  emptiye  masses 
which  have  been  injected  or  intruded  into  other  rocks,  and  haye  con- 
solidated beneath  the  surface.  One  series  of  these  masses  is  crystalline 
in  structure,  but  with  felsitic  and  yitreous  yarieties.  It  includes  most 
of  the  eruptive  rocks,  and  especially  the  older  forms  (granite, 
syenite,  quartz-porphyry,  pitchstone,  diorite,  &c.).  The  other  series 
is  fragmental  in  character,  and  includes  the  agglomerates  and  tuffs 
which  have  filled  up  volcanic  orifices. 

After  some  practice,  the  field-geologist  acquires  a  faculty  of 
discriminating,  even  in  hand-specimens,  crystalline  rocks  which  have 
consolidated  bBueath  the  surface  from  those  which  have  flowed  out 
as  lava-streams.  Coarsely  crystalline  granites  and  syenites,  with  no 
trace  of  any  yitreous  ground-mass,  are  readily  distinguishable  as 
plutonic  masses ;  while,  on  the  other  hand,  cellular  or  slaggy  lavas 
are  easily  recognized  as  superficial  outflows,  or  as  closely  connected 
with  them.  But  it  will  be  observed  that  such  differences  of  texture, 
though  furnishing  useful  help,  are  not  to  be  regarded  as  always  and 
in  afl  degrees  perfectly  reliable.  We  find,  for  example,  that  some 
lavas  have  appeared  at  the  surface  with  so  coarsely  crystalline  a 
structure  as  to  be  readily  mistaken  by  a  casual  observer  for  granite ; 
while,  on  the  other  hand,  though  an  open  pumiceous  or  slaggy 
structure  is  certainly  indicative  of  a  lava  that  has  consolidated  at  or 
near  the  surface,  a  finely  cellular  character  is  not  wholly  unknown 
in  intrusive  sheets  and  dykes  which  have  consolidated  below  ground. 
Again,  masses  of  fragmentary  volcanic  material  are  justly  r^arded 
as  proofs  of  the  superficial  manifestation  of  volcanism,  and  in  the  vast 
majority  of  cases  they  occur  in  beds  which  were  accumulated  on  the 
surface  as  the  result  of  successive  explosions.  Yet  cases,  which  will 
be  immediately  described,  may  be  found  in  many  old  volcanic  districts 
where  such  fragmentary  materials  have  fallen  back  into  the  yolcanic 
funnels,  and  filling  them  up  have  been  compacted  there  into  solid 
rock,  or  where  they  may  occasionally  have  been  produced  by  ex- 
plosions of  lava  within  subterranean  caverns. 

The  general  law  which  has  governed  ihe  intrusion  of  igneous 
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rock  within  the  earth's  crust  may  be  thus  stated :  Every  fluid  mass 
impelled  upwards  by  pressure  from  below,  or  by  the  expansion  of  its 
own  imprisoned  yapour,  has  sought  egress  along  the  line  of  least 
resistance.  That  line  has  depended  in  each  case  upon  the  structure 
of  the  terrestrial  crust  and  the  energy  of  eraptioo.  It  may  haye  been 
determined  by  an  already  existent  dislocation ;  by  planes  of  strati* 
fication,  by  the  surface  of  junction  of  two  unconformable  formations, 
by  irregular  contemporaneously  formed  cracks,  or  by  other  more  com- 
plex  lines  of  weakness.  Sometimes  the  intruded  mass  has  actually 
rased  and  obliterated  some  of  the  rock  which  it  has  inyaded,  incor- 
porating a  portion  into  its  own  substance.  The  shape  of  the  channel 
of  escape  has  thus  determined  the  external  form  of  tne  intrusiye  mass, 
as  the  mould  regulates  the  form  assumed  by  cast-iron.  This  re- 
lation offers  a  yery  conyenient  means  of  classifying  the  intrusiye 
rock&  According  to  the  shape  of  the  mould  in  which  they  baye 
solidified,  they  may  be  arranged  as — (1)  bosses  or  amorphous 
masses,  (2)  sheets,  (3)  yeins  and  dykes,  and  (4)  necks. 

§  1.    Bosses. 

Bosses  or  amorphous  masses  consist  chiefly  of  crystalline  coarse- 
textured  rocks.  Granite  and  syenite  are  tbe  most  conspicuous,  but 
yarious  quartz-porphyries,  felsites,  diorites,  trachytes,  dolerites,  &c., 
also  occur.  Where  rocks  assume  this  form  as  well  as  that  of  sheets, 
dykes,  and  contemporaneous  beds,  it  is  commonly  obseryed  that 
they  are  more  coarsely  crystalline  when  in  amorphous  masses  than 
in  any  other  form.  Poleritic  rocks  afford  many  examples  of  this 
characteristic.  In  the  basin  of  the  Forth,  for  instance,  while  the 
outflows  at  the  surface  haye  been  fine-grained  basalts  and  anamesites, 
the  masses  consolidated  underneath  haye  generally  been  coarse 
dolerites  and  diabases.^ 

Oranite. — It  was  once  a  firmly-held  tenet  that  granite  is  the 
oldest  of  rocks,  the  foundation  on  which  all  other  rocks  haye  been 
laid  down.  This  idea  no  doubt  originated  in  the  fact  that  granite  is 
found  rising  from  beneath  gneiss,  schist,  and  other  crystalline  masses, 
which  in  tneir  turn  underlie  very  old  stratified  formations.  The 
intrusiye  character  of  granite,  shown  by  its  numerous  ramifying 
yeins,  proved  it  to  be  kter  than  at  least  those  rocks  which  it  bad 
invaded.  Nevertheless  the  composition  and  structure  of  gneiss  and 
mica-schist  were  believed  to  be  best  explained  by  supposing  these 
rocks  to  have  been  derived  from  the  waste  of  m-anite,  and  thus, 
though  the  existing  intrusiye  granite  had  to  be  recognized  as 
posterior  in  date,  it  was  regarded  as  only  a  subsequent  protrusion 
of  the  vast  underlying  granitic  crust.  In  this  way  the  iaea  of  the 
primaeval  or  fundamental  nature  of  granite  held  its  ground.  From 
what  is  known  regarding  the  fusion  and  consolidation  of  rocks 
(onto,  p.  292,  seq.) ;  and  from  the  evidence  supplied  by  the  microscopic 
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strnctnre  ot  granite  itaelf,  it  appears  now  to  be  established  that 
granite  has  always  consolidated  under  ereat  pressure,  in  presenoe  of 
superheated  water,  with  or  without  liquid  carbon  dioxide,  fluorine,  Ac 
{arUSy  pp.  293,  302),  conditions  which  probaUy  never  obtained  at  the 
earth's  immediate  surfiEU^e,  unless  perhaps  in  those  earliest  ages  wheo 
the  atmosphere  was  densely  loaded  with  yapours  and  when  the 
atmosphenc  pressure  at  the  surfiEu»  must  have  been  enonnoiis 
(p.  33).  But  whether  the  original  crust  was  of  a  granitic  or  of  a 
glassy  character,  no  trace  of  it  has  ever  been  or  is  ever  likely  to 
be  found. 

The  presence  of  granite  at  the  existing  surfietce  is,  therefore,  in 
all  cases  due  to  the  remoTal  by  denudation  of  masses  of  rock  under 
which  it  originally  consolidated.  The  fact  that,  wherever  extensire 
denudation  of  an  ancient  series  of  crystalline  rocks  has  taken  place, 
a  subjacent  granite  nucleus  is  apt  to  appear,  does  not  proTC  that 
rock  to  be  of  a  primseyal  origin.  It  shows,  however,  that  the  lower 
portions  of  crystalline  rocks  very  generally  assume  a  granitic  type, 
and  it  suggests  that  if  at  any  part  of  the  earth  we  could  bore  aeep 
enough  into  the  crust  we  should  probably  come  to  a  granitic  layer. 
That  this  layer,  even  if  general  round  the  globe,  is  not  everywhere 
of  the  highest  geologicd  antiquity,  or  at  least  has  consolidated  at 
widely  different  pericds,  is  abundantly  clear  from  the  fact  that  in 
many  cases  it  can  be  proved  to  be  of  later  date  than  fossiliferous 
formations  the  geoloj^cal  position  of  which  is  known ;  that  is,  the 
granitic  layer  nas  invaded  these  formations,  rising  up  through 
them,  and  probably  melting  down  portions  of  them  m  its  progren. 
Granite  invades  and  alters  rocks  of  all  ages  up  to  late  Mesoaoic  or 
Tertiary  formations.  Hence  it  does  not  belong  exclusively  to 
the  earliest  nor  to  any  one  geological  period,  but  rather  it  has 
been  extruded  at  various  epochs,  and  may  even  be  in  course  of 
extravasation  now,  wherever  the  conditions  required  for  its  pro- 
duction ha?e  existed.  As  a  matter  of  tad  granite  occurs  much 
more  frequently  in  association  with  older,  and  therefore  lower,  than 
with  newer  and  higher  rocks.  But  a  little  reflection  shows  that 
this  ought  to  be  the  case.  Granite  having  a  deep-seated  origin 
must  rise  through  the  lower  and  more  ancient  masses  before  it  can 
reach  the  overlving  more  recent  formations.  But  many  protrusions 
of  granite  would  doubtless  never  ascend  beyond  the  lower  rock& 
Sul^equent  denudation  would  be  needed  to  reveal  these  protru- 
sions, and  this  very  process  would  remove  the  later  formations  and 
at  the  same  time  any  portions  of  the  granite  which  might  have 
reached  them. 

Granite  frequently  occurs  in  the  central  parts  of  mountain 
chains;  sometimes  it  forms  there  a  kind  of  core  to  the  various 
gneisses,  schists,  and  other  crystalline  rocks.  More  frequently  it 
appears  in  lai^e  eruptive  bosses,  which  traverse  indifferently  the 
rocks  on  the  hne  of  which  Hiej  rise,  and  commonljr  send  out  abun- 
dant veins  into  them.     Sometimes  it  even  overbes  schistose  and 
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other  rocks^  as  in  the  Piz  de  Giayes  in  the  upper  Engadine,  where 
a  wall-like  mass  of  granite,  with  syenite,  dionte,  and  altered  rocks, 
may  be  seen  resting  upon  schists.^  In  the  Alps  and  other  monn- 
tain  ranges  it  is  fonnd  likewise  in  large  bed-like  masses  which  run 
in  the  same  general  direction  as  the  rocks  with  which  they  are 
associated. 

Eolation  of  Granite  to  contiguons  Bocks. — ^From  an 
early  period  the  attention  of  geologists  has  been  given  to  the  evident 
mineralogical  change  which  has  token  place  among  stratified  rocks 
as  they  approach  a  mass  of  granite.  This  change  has  been  specially 
atadied  in  some  European  areas,  of  which  those  of  the  Vosges,  the 
Hartz,  Devon  and  Cornwall,  Ireland,  Scotland  and  Norway,  are  well 
known.  The  nature  of  the  metamorphism  thus  superinduced  upcm 
rooks  is  more  particularly  discussed  at  p.  578. 

The  south-east  of  Ireland  supplies  an  admirable  illustration  of  the 
relation  between  granite  and  its  surrounding  rocks  (Fig.  269).  A  mass 
of  granite  70  miles  in  length  and  from  7  to  17  in  width  there  stretches 
from  north-east  to  sonth-west,  nearly  along  the  strike  of  the  Lower 
Silurian  rocks.  These  strata,  however,  have  not  been  upraised  by  it  in 
such  a  way  as  to  expose  their  lowest  beds  dipping  away  from  the  granite. 
On  the  contrary,  they  seem  to  have  been  contorted  prior  to  the  appearance 
of  that  rook ;  at  least  they  often  dip  towards  it,  or  lie  horizontally  or 
undulate  upon  it,  apparently  without  any  referenoe  to  movements  whioh 


a 

ViQ  269.— SxonoH  aoross  pabt  of  the  Obanitb  Bklt  or  ths  8ox7th«Ea8t  or  Ibelakd. 

a,  Granite ;  h  6,  patches  of  Lower  Silorian  rocks  lying  on  the  granite  at  various 
distances  from  the  main  Lower  Silurian  area,  e  e» 

it  could  haye  produced.  As  Mr  Jukes  has  shown,  the  Silurian  strata  are 
underlaid  by  a  yast  mass  of  Cambrian  rocks,  all  of  which  must  haye  been 
inyaded  by  the  granite  before  it  could  haye  reached  its  present 
horis&on.  He  infers  that  the  granite  must  haye  slowly  and  irregularly 
eaten  its  way  upward  through  the  Silurian  rocks,  absorbing  much  of 
them  into  its  own  mass  as  it  rose.  For  a  mile  or  more  the  stratified  beds 
next  the  granite  haye  been  altered  into  mica-schist,  and  are  pierced  by 
numerous  yeins  from  the  inyading  rook.  Within  the  margin  of  the  granitic 
mass  belts  or  rounded  irregular  patches  of  schist  (h  h)  are  enclosed; 
but  in  the  central  tracts  where  the  granite  is  widest,  and  where  there- 
fore we  may  suppose  the  deepest  parts  of  the  mass  haye  been  laid  bare,  no 
such  indnded  patches  of  altered  rock  oocur.  From  the  manner  in  whioh 
the  Boliistose  l^lt  is  disposed  round  the  granite,  it  is  eyident  that  the 
upper  surface  of  the  latter  rock  where  it  extends  beneath  the  schists 
must  be  yery  nneyen.  Doubtless  the  granite  rises  in  some  places  much 
nearer  to  ^e  present  surface  of  the  ground  than  at  others,  and  sends  out 
yeins  and  strings  whioh  do  not  appear  aboye  ground.  If,  as  Mr  Jukes 
supposes,  a  thousand  feet  of  the  sdiists  could  be  restored  at  some  parta 
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c»f  ihe  eranite  belt,  no  doubt  the  belt  would  tKere  be  entiielj  buried ;  or 
if,  on  me  other  hand,  the  same  tbicknefis  of  rock  could  be  stripped  off 
some  parts  of  the  band  of  schist,  the  solid  granite  underneath  ipvxmid  be 
laid  bare.  The  extent  of  granite  surface  exposed  must  thus  be  largely 
determined  by  the  amount  of  denudation,  and  by  the  angle  at  whicJi 
the  upper  surface  of  the  granite  is  inclined  beneath  the  schists.  Where 
the  inclination  is  high,  prolonged  denudation  will  evidently  do  com- 
paratively  little  in  widening  the  belt  But  where  the  slope  is  gentle, 
and  especially  where  the  surface  undulates,  the  remoyal  for  some 
distance  of  a  comparatively  slight  thickness  of  rock  may  unoover  a 
large  breadth  of  underlying  granite.^  Portions  of  the  metamorphosed 
rocks  left  by  denudation  upon  the  surface  of  the  granite  bon,  are 
relics  of  the  deep  cover  under  which  the  granite  no  doubt  origiiially 
lay,  and  being  tougher  than  the  latter  rock  they  have  resisted  -waste 
so  as  now  to  cap  hills  and  protect  the  granite  b^ow,  as  at  Lugnaqoilla 
(L,  in  Fig.  269). 

Becent  observations  by  Professor  Hull  and  Mr.  Tndll,  of  the 
Geological  Survey  of  Ireland,  have  shown  that  in  Hie  Moume  Moun- 
tains a  mass  of  granite  has  in  some  parts  risen  up  through  highly 
inclined  Silurian  rocks,  which  consequently  seem  to  be  standing  alxaost 
upright  upon  an  underlying  boss  of  granite.  The  strata  are  sharply 
truncated  bv  the  crystalline  mass,  and  are  indurated  but  not  otherwise 
altered.  Tne  intrusive  nature  of  the  granite  is  well  shown  by  the 
way  in  which  numerous  dykes  of  dark  melaphyre  are  cut  off  when  they 
reach  that  rock.^     The  accompanying  diagram  (Fig.  270)  is  taken  from 


Fio.  270. — SsonoN  of  Slxeyenamaddt,  Moubne  MouKTADfa. 

a,  a.  Lower  Silurian  Btrata  dipping  at  high  angles ;  6,  h.  Dykes  of  basalt  (meUphjreX 
cutting  these  strata  but  truncated  by  the  granite  c,  which  along  the  outer  margin 
and  in  extruded  yeins  passes  into  a  quartz-porphyry,  d,  d. 

one  of  the  sections  in  which  this  remarkable  structure  is  portrayed  by 
these  observers. 

In  the  Lower  Silurian  tract  of  the  south  of  Scotland  several  laige 
intrusive  bosses  of  granite  occur  (Fi^.  271).  The  strata  do  not  dip  away 
from  them  on  all  sides,  but  with  trifling  exceptions  maintain  their  normal 
N.E.  and  S.W.  strike  up  to  the  granite  on  one  side,  and  resume  it 
again  on  the  other.  The  granite  indeed  has  not  merelv  pu^ed  aside 
the  strata  so  as  to  make  its  way  past,  but  actually  occupies  the  place  df 
so  much  Silurian  greywacke  and  shale,  which  have  disappeared  as  if 
they  had  been  blown  out  or  had  been  melted  up  into  the  granite.  There 
is  usually  a  metamorphoBed  belt  of  about  a  mile  in  width  in  whioh,  at 
they  approach  the  granite,  the  stratified  rocks  assume  a  schistoee  or 
ffueissoid  character.  Numerous  small,  dark,  often  angular  patdies  or 
fragments  of  mica-schist  may  be  observed  in  the  marginal  parts  of  the 

>  See  Jnkes's  Mtmual  of  Otology,  8rd  ed.  j>.  248. 

'  HoriunUai  SeeUan  No.  22,  GtoL  S^rv.  itUmd, 
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ipranite.^  Oocasionally  granite-yeins  protrude  from  the  main  masses,  but 
in  the  metamorphosed  zone  which  suiTounds  the  Criffel  granite  area  in 
Kirkcudbright,  nundreds  of  dykes  and  veins  of  various  felsitio  or  elva- 
nitio  rocks  occur. 

Similar  features  are  presented  by  the  granite  bosses  of  Devon  and 
Cornwall,  which  have  been  risen  through  Devonian  and  Carboniferous 
strata,      llie  Dartmoor  mass  is  specially  instructive.      As  shown  by  the 


Fio.  271. — ^Plan  of  GaANiTE  Boss,  Gaibnsmobb  of  Fleet,  Sootland. 

The  granite  area  (o)  is  from  7  to  10  miles  in  diameter,  ridng  through  highly  inclined 
Lower  Silurian  strata  (a),  among  which  are  some  conspicuous  uinds  of  black  an- 
thracitio  and  grapiolitic  shales  (b).  The  arrows  show  the  direction  of  dip;  the 
parallel  lines  that  of  the  strike.  The  ring  within  the  dotted  line  round  the  granite 
definee  the  helt  of  metamorphism. 

early  work  of  De  la  Beche,  it  passes  across  the  boundary  between  the 
Devonian  and  Carboniferous  areas,  extending  chiefly  into  the  latter,  so 
that  it  cuts  across  strata  of  different  ages.  In  doing  so  it  has  risen 
irresistibly  through  the  crust  without  seriously  affecting  the  general 
strike  of  the  rocks.  It  cuts  ofif  the  ends  of  old  volcanic  bands,  and  of 
associated  grits  and  shales  into  which  it  sends  veins.^ 

*  Bound  the  marginal  portions  of  many  granite  bosses 
the  rock  abounds  in  such  crystalline  enclosures  (p.  133). 
The  more  angular  and  irregularly  shaped  of  these, 
evidently  portions  of  the  surrounding  rocks  caught  up  in 
the  gramte,  are  commonly  fragments  of  mica-schist, 
gneiss,  &c.,  retaining  their  foliation,  which  may  have 
been  deyeloped  in  them  after  their  disruption  and  en- 
closure in  the  granite.  Other  rounded  concretions  and 
cavities  lined  or  filled  with  crystals  are  due  to  irregular 
segregatioQ  in  the  mass  of  granite.  Examples  of  this 
nature  occur  in  the  Oomiah  and  Devon  granite,  as  in 
Fig.  2272,  which  is  cited  by  De  la  Beche  as  showing  a 
central  cavity  (a),  not  quite  filled  with  loDg  crystals  of 
schorl  surrounded  with  an  envelope  of  quartz  and  schorl 
(&)»  outside  oi  which  lies  a  second  envelope  of  the  same 
minerals,  the  schorl  predominating,  the  whole  being 
contained  in  a  light  flesh-coloured  and  markedly  felspathio 
granite.  See  a  paper  by  J.  A.  PhUlips,  Q.  J.  Geol  8oo. 
XXX vi.  p.  1. 

s  De  la  Beche,  **  Beport,  Devon  and  Cornwall,"  p.  165. 


Fio.  273.~€BTBTALLiine  Gbods 
nr    OsAiriTi,     DASXMOoa 


Digitized  by 


Google 


544  GEOTECTONIC  (STEUCTUEAL)  GEOLOGY.  [Book  IV, 

Connection  of  Granite  with  Yoloanic  Bocks. — The 
manner  in  which  some  bosses  of  granite  penetrate  the  rocks  among 
which  they  occur  strongly  recalls  the  structure  of  yolcanic  necks  or 
pipes.  The  granite  is  found  as  a  circular  or  elliptical  mass  which 
seems  to  descend  yertically  through  the  surrounding  rocks  without 
seriously  altering  or  disturbing  themy  as  if  a  tube-shaped  opening 
had  been  blown  out  of  the  crust  of  the  earth  up  which  the  granite 
had  risen.  Seyeral  of  the  granite  masses  of  the  south  of  Scotland 
above  referred  to  exhibit  this  character  yery  strikingly  (Fig.  271). 
That  granite  and  ^anitoid  rocks  haye  probably  been  associated  with 
yolcanic  action  is  indicated  by  the  way  in  which  they  occur  m  cc»i- 
nection  with  the  Tertiary  yolcanic  rocks  of  Skye,  Mull,  and  oth^ 
islands  in  the  Inner  Hebrides.  Mr.  Jukes  suggested  many  yean 
ago  that  CTanite  or  granitoid  masses  may  lie  at  the  roots  of  yolcanoes 
and  may  be  the  source  whence  the  more  silicated layasproceed.^ 

Metamorphic  Origin  of  some  Granite. — ^The  association 
of  yolcanic  action  with  metamorphism  has  been  already  referred  to 
(p.  808).  While  the  instances  are  few  where  any  satisfactorr  con- 
nection can  actually  be  traced  between  granitic  masses  and  troe 
laya-form  or  volcamc  rocks,  the  close  relationship  between  granite 
and  the  crystalline  schists  has  long  been  recognized.  Leayin^  forthe 
present  the  problem  of  the  origin  of  these  schists,  it  must  be  admitted 
that  in  some  instances  at  least  gneissoid  and  schistose  rocks  are  the 
results  of  the  metamorphism  of  mechanically  formed  sedimentary 
strata.  That  the  gramte  associated  with  such  rocks  is  of  meta- 
morphic origin,  tliat  is  to  say,  has  been  produced  by  the  gradual 
softening  and  recrystallization  of  other  rocks  at  some  depth  within 
the  crust  of  the  earth,  seems  in  the  highest  degree  probable.  This 
granite  is  associated  with  ^eiss  in  such  a  way  as  to  suggest  that  both 
haye  had  a  common  origm,  and  as  gradations  can  be  traced  from 
this  gneiss  through  less  distinctly  crystalline  schists  into  unaltered 
strata,  such  ^anite  may  be  looked  upon  as  the  extreme  of  meta- 
morphism, the  yarious  schists  and  gneisses  being  less  advanced 
stages  of  the  process  (p.  578,  seq.).  Provided  the  chemical  composition 
of  the  altered  rock  be  similar  to  that  of  granite,  it  is  not  necessary 
that  the  granite  resulting  from  its  alteration  should  be  supposed  to 
differ  in  any  noteworthy  particular  from  eruptive  ^nite.  The 
members  of  the  Geological  Survey  of  Ireland  have  indeed  distin- 
guished two  granites  in  Galwaj,  one  of  which  (characterized  by  the 
occurrence  of  orthoclase  and  obgoclase)  they  regard  as  metamorphic, 
the  other  (with  orthoclase  only)  as  igneous.  More  recently  in  the 
east  of  the  island  they  have  separated  two  groups  of  granites,  of 
which  the  intrusive  masses  are  comnosed  of  dark-coloured  qmurts, 
orthoclase,  albite,  and  black  mica  (Moume  Mountains),  whue  the 
metamorphic  variety  is  formed  of  grey  felspar,  quartz,  and  black 
mica. 

>  Manual  of  Oeohgyy  2nd  ed.  p.  98 ;  Geilde,  Tram.  Oeoi.  8oc,  Bdin.  ii.  p.  801 ;  Jodd 
Quart,  Joum,  Geol  8oe,  xxx.  p.  220 ;  Beyer,  <'  Beitimg  sur  Ptiyiik  der  EnipaoDcm" 
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The  mineralogical  compoeition  of  granite  formed  by  the  meta- 
morphism  of  other  and  specially  sedimentary  rocks  must  necessarily 
yary  with  that  of  the  masses  out  of  which  it  has  arisen.  In 
some  cases  there  is  a  regular  gradation  from  true  granite  outward 
into  the  schistose  and  gneissose  masses,  of  which  instructive  ex- 
amples occur  in  the  Scottish  Highlands  (Part  VIII.),  and  in  northern 
New  York  and  New  England.^  But  such  a  transition  need  not 
always  occur,  for  if  the  granite  was  subject  to  unequal  i)ressure 
(which  it  assuredly  would  in  most  cases  be),  it  would  in  its  soft, 
pasty  condition  undoubtedly  be  saueezed  into  any  rents  made  in 
the  surrounding  rocks,  ana  woula  thus  imitate  a  truly  eruptive 
mass,  which  in  actual  fact  it  would  then  be.  When  granite  rises 
through  unaltered  or  only  locally  altered  strata,  it  may  fairly  be 
termed  igneous  and  intrusive.  When,  on  the  other  hand,  it  is 
intimately  associated  with  extensive  masses  of  schist  and  gneiss, 
many  of  which  can  only  be  distinguished  from  it  by  .their  foliated 
structure,  its  metamorphic  origin  may  at  least  be  strongly^  suspected. 
Fundamentally,  indeed,  eraptive  and*  metamorphic  granite  seem  to 
be  due  only  to  different  modifications  of  the  same  subterranean 
processes.  A  mass  of  originally  sedimentary  rocks  may  be  depressed 
to  a  depth  of  several  thousand  feet  Mrithin  the  earth's  crust,  where, 
subjected  to  vast  pressure  and  considerable  heat  in  presence  of 
interstitial  water  or  steam,  it  may  be  metamorphosed  into  crystalline 
schist.  A  portion  of  this  mass,  undergoing  extreme  alteration,  may 
so  completely  lose  dl  trace  of  its  original  fissile  structure  as  to  become 
amorphous  crystalline  granite,  some  of  which  may  even  be  thrast  as 
veins  into  the  less  highly  changed  parts  above  and  around.  One 
stage  farther  would  bring  before  us  a  connection  opened  between  the 
earth's  surface  and  such  a  deep-seated  granitic  mass,  and  the  con- 
sequent ascent  and  outburst  of  acid  lavas  and  their  fragmental 
accompaniments  (p.  544).  ^ 

Diorite,  Ac. — On  a  smaller  scale  usually  than  granite,  other 
crystalline  rocks  assume  the  condition  of  amorphous  bosses.  Diorite, 
syenite,  quartz-porphyry,  and  members  of  the  basalt  family  have  often 
l)een  erupted  in  irr^ular  masses,  partly  along  fissures,  partly  along 
the  bedding,  but  often  involving  and  apparently  melting  up  portions 
of  the  rocks  through  which  they  have  made  their  way.  Such  bosses 
have  frequently  tortuous  boundary-lines,  since  they  send  out  veins 
into  or  cut  capriciously  across  the  surrounding  rocks.  In  Wales,  as 
shown  by  the  maps  and  sections  of  the  Geological  Survey,  the  Lower 
Silurian  formations  are  pierced  by  huge  bosses  of  different  crystalline 
rocks,  mostly  included  under  the  old  term  **  greenstone,"  which,  after 
running  for  some  way  with  the  strike  of  the  strata,  turn  round  and 
break  across  it,  or  branch  and  traverse  a  considerable  thickness  of 
stratified  rock.    In  central  Scotland  numerous  masses  of  dolerite  and 

S[uartziferous  diabase  have  been  intruded  amon<;  the  Lower  Carboni- 
ierous  formations.     One  horizon  on  which  they  are  particularly 
1  Dana,  Amer,  Jour.  Set,  xz.  O^^X  P*  ^^^-  '  See  Dana,  op,  eit. 
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abundant  lies  about  the  base  of  the  Carboniferous  Limestone  series. 
Along  that  horizon  they  rise  to  the  surface  for  many  miles,  sometimes 
ascending  or  descending  in  geological  position,  and  breatine  here 
and  there  abruptly  across  the  strata.^  There  can  be  little  doubt  that 
they  have  actually  melted  down  some  Darts  of  the  stratified  rocks, 
particularly  the  bmestone.  Considerable  petrographical  differences 
occur  among  them,  which  may  perhaps  be  in  some  measure  due  to 
the  incorporation  of  such  extiuneous  material  into  their  mass.  Gaps 
occur  where  these  intrusive  rocks  do  not  rise  to  the  surface,  but  as 
they  resume  their  position  again  not  far  off,  it  may  be  presumed  that 
they  are  really  connected  under  these  blank  intervals. 

Mr.  G.  E.  Gilbert  has  described,  under  the  name  of  '<  laocolite," 
a  structure  in  the  Henry  Mountains  in  Southern  Utah,  which  is 
probably  not  uncommon  in  denuded  volcanic  districts.  Lar^e  bosses 
of  trachytic  lava  have  risen  from  beneath,  but  instead  of  findmg  their 
way  to  the  surface,  have  spread  out  laterally  and  pushed  up  the  over- 
lying strata  into  a  dome-shaped  elevation.    Here  and  there  smaller 


Fio.  273.— Ideal  Beotion  of  thbee  **  Laoooutes."*  after  Gilbebt. 

sheets  proceeding  from  the  main  masses  have  been  forced  between 
the  beds,  or  veins  have  been  injected  into  fissures,  and  the  overlying 
and  contiguous  strata  have  been  considerably  metamorphosed.' 

Effects  on  Contiguous  Bocks. — Many  intrusive  bosses  have 
greatly  affected  the  texture,  and  even  the  mineralogical  composition 
of  the  rocks  through  which  thev  have  been  erupted.  The  amount  and 
nature  of  the  change  producedf  vary  with  the  character  and  bulk  of 
the  eruptive  mass  as  well  as  with  the  susceptibility  of  the  surrounding 
materials  to  alteration.  Diorite,  diabase,  melaphyre,  basalt,  felsite, 
and  other  eruptive  rocks  are  not  infrequently  accompanied  by  very 
considerable  metamorphism  of  the  adjacent  strata.  These  phenomena 
are  manifested  also  by  intrusive  sheets,  dykes,  veins,  and  necks.  They 
belong  to  the  series  of  changes  embraced  under  the  head  of  contact 
metamorphism,  and  are  grouped  together  for  description  in  the  next 
Part  (p.  572). 

»  Trans.  Roy.  8oo.  Edin.  xxix.  p.  476. 

•  Otology  of  the  Henry  Mountains^  U.S.  Geog.  and  Qcol.  Survey,  Washington,  1877. 
Tho  same  structure  was  figured  and  described  upwards  of  forty  years  ago  by  0.  Maolaren, 
"  '^l.  of  Fife  and  Lothian,**  1839,  pp.  100, 101. 
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Connection  with  Volcanic  Action. — ^There  can  belittle 
doubt  that  in  regard  to  eroptiye  masses,  particularly  of  the  dioritic, 
diabasic,  and  doleritic  or  basaltic  series,  though  tne  portions  now 
visible  consolidated  under  a  greater  or  less  depth  of  overlying 
materia],  they  must  in  many  cases  have  been  directly  connected  with 
superficial  volcanic  action.  Some  of  them  may  have  been  under- 
ground ramifications  of  the  ascending  molten  rock  which  poured 
forth  at  the  surface  in  streams  of  lava,  though  these  superficial 
portions  have  been  removed  by  denudation.  Omers  may  mark  the 
position  of  intruded  masses  which  were  arrested  in  the  unsuccessful 
attempt  to  open  a  new  yolcanio  vent. 

§  2.  Sheets. 

Eruptive  masses  have  been  intruded  between  other  rocks,  and 
now  appear  as  more  or  less  regularly  defined  beds.  In  almost  all 
cases  it  will  be  found  that  these  intrusions  have  taken  place  between 
the  planes  of  stratification.  The  ascending  molten  matter,  after 
breaking  across  the  rocks,  or  rather  after  ascending  through  fissures 
either  previously  formed  or  opened  at  the  time  of  the  oun)ur8t,  has 
at  last  found  its  path  of  least  resistance  to  lie  alon^  the  bedding 
planes  of  the  strata.  Accordingly  it  has  thrust  itseS  between  the 
oeds,  raising  up  the  overlying  mass  and  solidifying  as  a  nearly  or 
exactly  parallel  cake  or  sheet. 

It  is  evident  that  one  of  these  intercalated  sheets  must  present  such 
points  of  resemblance  to  a  stream  of  lava  that  flowed  above  ground 
as  to  make  it  occasionally  a  somewhat  di£Scult  matter  to  determine 
its  true  character,  more  especially  when,  owing  to  extensive  denuda- 
tion, or  other  cause,  only  a  small  portion  of  the  rock  can  now  be  seen. 
The  following  characters  mark  intrusive  sheets,  though  they  must  not 
be  supposed  to  be  all  present  in  every  case.  (1.)  They  do  not  rigidly 
conform  to  the  bedding  of  the  rocks  among  which  they  are  intercalated, 
but  sometimes  break  across  it  and  run  along  on  another  platform. 
(2.^  They  catch  up  and  involve  portions  of  the  surrounding  strata. 
(3.)  They  sometimes  send  veins  into  the  rocks  above  and  below  them. 
(4.)  They  are  connected  with  dykes  or  pipes  which,  descending 
through  the  rocks  underneath,  have  been  tne  channels  by  which 
the  intrusive  sheets  were  supplied.  (5.)  They  are  commonly  most 
close-drained  at  their  upper  and  under  surfaces,  and  most  coarsely 
crystalline  in  the  central  portions.  (6.)  They  are  rarely  cellular  or 
amygdaloidal.  (7.)  The  rocks  both  above  and  below  them  are  usually 
hardened  and  otherwise  more  or  less  altered. 

As  a  well-known  and  (from  its  association  with  the  Huttonian  and 
Wemerian  disputes)  classical  example  of  this  structure,  the  mural 
escarpment  called  Salisbury  Crags  at  Edinburgh  may  be  described. 
This  is  a  sheet  of  crystalline  dolerite  which  can  be  traced  for  a  dis- 
tance of  1500  je^rds,  lying  among  the  red  and  grey  sandstones,  shales, 
and  impure  bmestones,  which  form  the  base  of   the  Oarboniferous 
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system  of  central  Scotland.  As  the  general  dip  of  the  rocks  is  north- 
easterly, it  forms  a  lofty  clifif  facing  west  and  south,  from  the  base  of 
which  a  long  grassy  slope  of  debris  stretches  down  to  the  valley  in 
front ;  the  thic^ess  of  the  sheet  at  the  highest  part  of  the  bed  is  abont 
80  feet,  but  at  a  distance  of  650  yards  to  the  north  this  thickness  dimin- 
ishes to  less  than  a  half.  At  first  the  dolerite  might  be  taken  for  a 
conformable  sheet,  regularly  interposed  between  the  sedimentary  strata. 
But  an  examination  of  the  beds  on  which  it  rests  shows  that  it  trans- 
gressively  passes  over  a  succession  of  platforms,  and  eventually  conies  to 
rest  at  the  east  end  on  strata  somewhat  lower  in  geological  position 
than  those  at  the  north  end.     Moreover,  another  parallel  intmsive 


Fio.  274.— DiAGBAiofATio  View  of  Salisbubt  Cbags,  Edinbubqh. 

sheet  intercalated  in  a  lower  portion  of  the  sandstone  series  gradually 
approaches  the  rock  of  Salisbury  Crags.  They  are  both  transgressive 
across  the  strata,  and  they  appear  to  unite  in  a  large  mass  oaUed 
Samson's  Bibs. 

On  the  west  front  a  large  dyke-like  mass  of  the  eruptive  rock 
descends  vertically  through  the  sandstones,  and  has  been  regarded  as 
not  improbably  a  pipe  or  feeder,  from  which  the  molten  rock  originaUy 
rose  (Fig.  274).  Along  the  southern  face  of  the  escarpment  several  in- 
structive exposures  show  the  behaviour  of  the  dolerite  to  the  strata  through 
which  it  has  made  its  way.    Fig.  275,  for  example,  represents  a  portion 


Pig.  275.— 8sonoN  at  base  of  SorrH  Front  of  SAUSBrBT  Crags. 

Showing  portion  of  strata  ont  out  by  intmstye  Dolerite.    a,  aindstones,  sbalet,  Ae. ; 

6,  dolerite.    Length  of  section  22  feet 

of  the  underlying  strata  carried  away,  the  dolerite  having  been 
wedged  in  below  one  of  the  remainiug  broken  ends.  Again,  voms  and 
threads  of  the  eruptive  rook  have  been  injected  into  fragments  of  the 
strata,  caught  up  m  its  mass  (Fig.  276).    The  strata  in  contact  with  the 
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dolerite  have  been  muoh  hardened,  the  ahales  being  oonverted  into  a  kind 
of  porcellanite,  and  the  sandstones  into  quartzite.^  The  dolerite  in  the 
centre  of  the  bed  is  a  coarse-grained  rook,  in  whioh  the  component 
minerals  can  readily  be  detected  with  a  lens,  or  even  wim  the 
unassisted  eye.  But  as  it  approaches  the  sedimentary  beds,  above  and 
below,  it  becomes  finely  crystalline.  I  have  had  sections  cut  for  the  micro- 
scope, showing  the  actual  junction  of  the  two  rocks.  (See  Fig.  25,  p.  148.) 
In  these  it  is  interesting  to  observe  that  the  dolerite,  for  about  the 
eighth  of  an  inch  inwards  from  its  edge,  consists  mainly  of  an  altered 
glass  in  whioh  lie  well-formed  crystals  of  triolinic  felspar  and  numerous 
opaque  tufted  microliths,  which  may  be  of  augite.  An  inch  back  from 
the  edge  the  glass  and  the  microliths  have  alike  disappeared,  and  the 
rock  is  merely  a  crystalline  dolerite,  though  finer  in  grain  than  in  the 
central  portions  of  the  bed.  Numerous  steam  or  gas  vesicles  occur  in 
the  vitreous  part,  some  of  them  empty,  but  mostly  fiUed  with  oaldte  or  a 


Fig.  276.— Mass  of  SANDeroNB  asd  Shale  (a)  imbiddxd  in  the  Doumin  (b)  of 
Salibbust  Obaos,  asd  iNjacTiD  WITH  Veins  and  Thbeadb  of  rr. 

brown  ferruginous  earth.  There  can  be  little  doubt  that  the  vitreous 
structure  of  this  marginal  film  was  originally  that  of  the  whole  rock. 
The  thinness  of  the  glassy  crust  is  in  harmony  with  all  that  is  known 
as  to  the  feeble  thermal  conductivity  of  lava.  When  the  dolerite  was 
intruded  it  was  no  doubt  a  molten  glass  containing  much  absorbed 
vapour,  the  escape  of  which  at  its  high  temperature  was  probably  the 
main  agent  in  indurating  the  adjacent  strata.  In  a  number  of  slices  cut 
from  different  parts  of  the  central  portion  of  the  dolerite,  I  have  failed 
to  detect  any  of  the  steam-holes  so  marked  in  the  outer  vitreous  edge. 
The  retention  of  this  absorbed  vapour  in  the  general  mass  of  the  molten 
rock  doubtless  facilitated  the  process  of  crystallization  from  the  original 
glassy  condition. 

This  greater  closeness  of  texture  at  the  surfaces  of  contact  forms 
one  of  the  distinguishing  marks  of  an  intrusive  as  contrasted  with  a 
contemporaneous  sheet  (p.  563).    Microscopic  examination  of  these 

*  Mr.  Sofby  has  observed  in  specimens  from  this  locality  sliced  by  him  for  micro- 
scopic examination  that  the  fluid  cavities  in  the  qnartz  grains  have  been  emptied.— 
"*  Address,"  Q.  /.  GeoL  8oe,  zxx. 
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marginal  parts  from  many  of  the  introsiye  sheets  in  central 
Scotland,  snows  that  even  where  no  distinct  glass  remains  the  rock 
is  crowded  with  black  opaque  microliths  arranged  in  a  delicate 
geometric  network.  Back  from  the  surface  of  contact  these 
microliths  disappear,  and  the  magnetite  or  titaniferous  iron  assumes 
its  ordinary  crystalline  and  often  indeterminate  or  imperfect 
contours.  Whether  these  bodies  were  de?eloped  only  along  the 
marginal  portions  of  the  intrusive  mass  and  belong  to  conditions  of 
rapid  cooBngand  escape  of  vapour,  or  were  origmally  present  as 
incipient  forms  of  crystallization  throughout  the  entire  rock,  bot 
have  been  lost  in  the  subsequent  growth  of  the  crystalline  forms,  is 
not  quite  clear,  though  the  former  supposition  seems  most  probable. 

Another  lithological  characterstic  of  the  intrusive  as  compared 
with  the  interbedded  sheets  is  the  considerable  variety  of  composi- 
tion and  structure  which  may  be  detected  in  different  portions  of 
the  same  mass.  A  rock  which  at  one  place  gives  under  the  micro- 
scope a  crystalline-granular  texture,  with  the  mineral  elements  of 
dolerite,  will  at  a  short  distance  show  a  coarsely  crystalline  texture 
with  abundant  orthoclase  and  free  quartz — mmerals  which  do  not 
belong  to  normal  dolerita  These  differences,  like  those  above 
referred  to  as  noticeable  among  amorphous  bosses,  seem  too  local  and 
sporadic  to  be  satisfactorily  referred  to  original  differences  in  the 
composition  of  various  parts  of  the  molten  magma,  or  to  segregation 
by  gravitation  or  otherwise.  They  suggest  rather  that  great 
intrusive  sheets  have  here  and  there  involved  and  melted  aown 
portions  of  rocks,  and  have  thus  acquired  locally  an  abnormal 
composition.^ 

Ilfifects  on  Contiguous  Eocks. — ^Admirable  examples  of 
the  alteration  produced  by  eruptive  masses  are  not  uncommonly  pre* 
sented  at  the  contact  of  intrusive  sheets  with  the  surrounding  rocks. 
Induration,  decoloration,  fusion,  the  production  of  a  prismatic  stmo- 
ture,  conversion  of  coal  into  anthracite,  of  limestone  into  marble, 
and  other  alterations,  may  be  observed.  The  nature  of  these  changes 
Is  described  at  p.  572. 

Connection  with  Volcanic  Action. — Many  volcanic  rocks 
occur  in  the  form  of  intrusive  sheets,  as  felsite,  quartz-porphyry, 
diorite,  melaphyre,  diabase,  dolerite,  basalt,  trachyte,  and  others.  The 
remarks  above  made  regarding  the  connection  of  intrusive  bosses 
with  volcanic  action  may  be  repeated  with  even  greater  definiteness 
here.  Intrusive  sheets  abound  in  old  volcanic  districts  intimately 
associated  with  dvkes  and  surface  outflows,  and  thus  bringing  before 
our  eyes  traces  of  the  underground  mechanism  of  volcanoes.  Inter- 
esting examples  of  this  connection  occur  among  the  Carboniferous 
volcanic  rocKs  of  the  basin  of  the  Forth.'  Many  of  the  *'  necks  "  or 
former  volcanic  vents  are  associated  with  intrusive  sheets,  which 
probably  mark  some  of  the  subterranean  protrusions  of  molten  rock 

>  Tran$,  Boy.  8oe.  Edin.  zzix.  p.  492.    Clongb,  600/.  Mag.  1S80,  p.  483. 
*  See  Tran$.  Boy,  8oe.  Edin.  zxiz.  p.  474. 
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daring  the  earlier  stages  of  volcanic  action  before  communication 
had  bden  established  with  the  surface,  or  towards  the  close  when,  the 
Tents  having  been  choked  up  with  erupted  material,  escape  to  the 
surface  became  difficult. 

§3.  Veins  and  Dykes. 

The  term  "  vein  "  is  rather  vaguely  employed  by  geologists.  It 
is  used  as  the  designation  of  any  mass  of  mineral  matter  which  has 
solidified  between  the  separated-  walls  of  a  fissure.  When  this 
mineral  matter  has  been  deposited  from  aqueous  solution  or  from 
sublimation,  it  forms  what  is  known  as  a  mineral  vein  (p.  589).  When 
it  has  been  injected  in  a  molten  or  pasty  state,  it  forms  an  eruptive 
vein;  or,  if  it  forms  a  vertical  wall-like  mass,  a  dyke.  When  it  has 
crystallized  or  segregated  out  of  the  component  materials  of  some 
still  unconsolidated,  colloid,  or  pasty  rock,  it  is  called  a  segregation 
vein. 

Eruptive  or  Intrusive  Veins  and  Dykes  are  portions  of  once- 
melted  or  at  least  pasty  matter  which  have  been  injected  into 


Fio.  277.— Iktbumvb  Veins  and  Dtkbs  of  Porprtbitb  ra  Tuff  of  a  Voloanio 
**Neck/'  Rknfkbwshirk. 

rents  of  previously  solidified  rocks.  When  traceable  sufficiently  far, 
they  may  be  seen  to  swell  out  and  merge  into  their  parent  mass, 
while  in  the  opposite  direction  they  may  become  attenuated  into 
mere  threads.  Sometimes  they  run  for  many  yards  in  tolerably 
straight  lines,  and  when  this  takes  place  along  the  stratification 
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they  look  like  beds.  At  these  parts,  they  are  of  oonzse  really 
intmsiye  sheets.  Bat  they  may  freqaentiy  be  found  to  stert 
suddenly  upward  or  downward,  and  to  break  across  the  bedding 
in  a  very  irregular  manner. 

No  rock  exhibits  more  instructiyely  than  granite  the  numerooa 
varieties  of  form  assumed  by  veins.  One  large  class  of  granite  veins  is 
probably  referable  to  segregation-veins — indeed  in  the  case  of  those  asso- 
ciated with  granitoid  gneiss,  it  seems  impossible  to  draw  any  line  between 
segregation  and  eruption.  Where  veins  proceeding  £rom  a  granite 
mass  traverse  disrupted  strata  of  schist  or  gneiss,  they  may  be  intranre, 
though  this  by  no  means  always  follows;  for  in  the  archsean  gn&BS 
of  Sutherland  the  abundant  pegmatite  veins,  even  when  cutting  acroos 
disrupted  bands  of  pieiss,  pass  into  others  that  are  interbedded  with 
and  graduate  insensibly  into  the  gneiss,  so  that  the  whole  mass,  veins 
and  ^lia  alike,  must  be  regarded  as  due  to  the  same  great  complex 
process — ^that  which  produced  the  ancient  crystalline  schists.  Most 
targe  masses  of  granite  send  veins  into  the  surrounding  rocks,  and  often 
in  such  abundance  as  to  form  a  complicated  network  (Figs.  278,  279). 


Fio.  278.— Gbanttk  VEura. 

They  vary  in  breadth  from  several  feet  or  even  yards  down  to  fine  fila- 
ments at  the  ends  of  the  smaller  branches.  They  frequently  cross  each 
other,  not  only  outside  of  the  granite  mass,  but  even  within  it  They 
vary  much  in  texture  and  in  composition.  Sometimes  they  are  coarsely 
crystalline  pegmatite,  but  most  of  the  veins  of  this  kind  are  doubtless  due 
rather  to  s^regation  than  intrusion.  Large  bosses  of  granite  are  often 
traversed  by  conspicuous  veins  of  pegmatite  (Fig.  284),  but  the  veins  due 
most  probably  to  actual  intrusion  of  material,  are  commonly  finer-grained 
than  the  main  mass.  Besides  this  greater  closeness  of  texture,  these 
intrusive  veins  sometimes  present  considerable  differences  in  mineralogical 
composition.  The  mica,  for  example,  may  be  reduced  to  exceedingly 
minute  and  not  very  abundant  flakes,  and  may  almost  disappear.  The 
c[uartz  also  occasionally  assumes  a  subordinate  place,  and  tne  rook  of 
the  veins  passes  into  eurite,  elvanite,  or  one  of  the  varieties  of  felsite  or 
quartz-porphyry.^ 

Where  granite  appears  among  crystalline  schists,  the  distinctive 
characters  of  its  intrusive  veins  are  apt  to  be  lost  among  the  abundant 

*  8co  a  reference  to  the  Bodegang,  anU,  p.  134.    Mr.  Hawes  has  reoentlr  described 
a  similar  example  from  New  Hampshire.    Amer,  Jwm,  8ei,  zzL  (ISSl),  p.  244. 
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proo&  of  segregation.  But  where  a  large  boss  rises  in  a  region  of 
ordinary  sedimentary  rocks,  these  characters  are  strongly  defined.  It  is 
iu  the  metamorphosed  belt,  already  (p.  542)  described  as  encircling  an 
intrnsive  boss  of  granite,  that  eruptive  veins  are  typically  developed 
and  most  readily  studied.  In  Cornwall,  for  example,  the  granite  and 
surrounding  slates  are  abundantly  traversed  by  veins  or  dykes  of 
granite  and  of  quartz-porphyry  (elvana),  which  are  most  numerous  near 
the  granite.  They  vary  in  width  from  a  few  inches  or  feet  to  50  fathoms, 
their  central  portions  being  commonly  more  crystalline  than  the  sides. 
They  frequency  enclose  an^ilar  fragments  of  slate  (p.  543,  note).  In  the 
great  ^nite  region  of  Leinster  Mr.  Jukes  traced  some  of  the  elvans  for 
severfJ  miles  running  in  parallel  bands,  each  only  a  few  feet  thick,  with 
intervals  of  200  or  300  3'ards  between  them.  Around  some  of  the 
granite   bosses  of  the  south  of  Scotland  similar  veins  of  felsite  and 


_z^     b 


Fia.  279.— Saonoy  or  Gbaniti  (a),  bmstdoiq  ▲  Nktwobx  or  Veins  nrro  Slate  (&}, 

COBNWALL  (B.), 

porphyry  abound.  The  granite  of  the  Wahsatch  Mountains  in  Utah, 
which  rises  through  the  Upper  Carboniferous  limestones,  converting 
them  into  white  marble,  sends  out  veins  of  granite-porphyry  and  other 
crystalline  compounds.  In  short,  all  over  the  world  it  is  common  for 
eruptive  bosses  of  this  rock  to  have  a  fringe  of  intrusive  veins  (Fig.  280). 
Many  other  eruptive  rocks  (diorite,  diabase,  melaphyre,  basalt,  &c.) 
present  admirable  examples  of  intrusive  veins.  These  are  distinguished 
from  those  of  granite  by  the  much  less  metamorphism  with  which  they 
are  attended. 

Dykes  are  veins  of  eruptive  rock,  filling  vertical  or  highly- 
incUned  fissures,  and  are  so  named  on  account  of  their  resemblance 
to  walls  (Seotice,  dykes).  Their  sides  are  often  as  parallel  and 
perpendicular  as  those  of  built  walls,  the  resemblance  to  human 
worWanship  being  heightened  by  the  numerous  joints  which, 
intersecting  each  other  along  the  face  of  a  dyke,  remind  us  of  well- 
fitted  masonry.    Where  the  surrounding  rock  has  decayed,  the  dykes 
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may  be  seen  projecting  above  ground  exactly  like  walls  (Fie;.  281) ; 
indeed  in  many  parts  of  the  west  of  Scotland  they  are  made  uae  of 
for  enclosures.  The  material  of  the  dykes  has  in  otiier  cases  decayed, 
and  deep  ditch-like  hollows  are  left  to  mark  their  sites.     The  coast- 


Fio.  280. — Map  or  pabt  of  tbx  Minxng  Dutbiot  of  Gwknnap,  Gobkwall  (jB.). 

o  a,  Granite ;  c  e,  SchistoBe  rocks ;  b  &,  Elvan  dykes ;  «,  **  Greenstone,"  vv,ddt  two 
intersecting  series  of  mineral  veins. 

lines  of  many  of  the  Inner  Hebrides  and  of  the  Clyde  Islands  furnish 
numerous  admirable  examples  of  both  kinds  of  sceneiy. 

The  term  dyke  might  be  applied  to  some  of  the  wall-like 
intrusions  of  quartz-porphyry,  elvanite,  and  even  of  granite,  but  it  is 
more  typically  illustrated  among  the  augitic  igneous  rocks,  such  as 
basalt,  oiabase,  &c.,  though  al^  among  diorites,  porphyries,  pitch- 
stones,  &c.,  while  occasionally  dykes  may  be  observed  even  of  tuff 
and  volcanic  agglomerate.  While  veins  have  been  injected  into 
irregular  brancning  cracks,  dykes  have  been  formed  by  the  welling 
upwards  of  liquid  or  plastic  rock  in  vertical  or  steeply  inclined 
fissures,  though  obviously  there  is  no  essential  difference  between 
the  two  forms  of  structure.  Sometimes  the  line  of  escape  has  been 
along  a  fault.  In  Scotland,  however,  which  may  be  regarded  as  a 
typical  re^on  for  this  kind  of  geological  structure,  the  vast  majority 
of  dykes  rise  aloDg  fissures  which  have  no  throw,  and  are  therefore 
not  faults.  On  the  contrary,  the  dykes  may  be  traced  undeflected 
across  some  of  the  largest  faults  in  tne  midland  counties. 
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Dykes  differ  from  veins  in  the  greater  parallelism  of  their  sides, 
their  verticality,  and  their  greater  regularity  of  breadth  and  per- 
sistence of  direction.  They  sometimes  occur  as  mere  plates  of  rock 
not  more  than  an  inch  or  two  in  tbicknesSi  at  other  times  they  attain 
a  breadth  of  twelve  fathoms  or  more.  The  smaller  or  thinner 
dykes  can  seldom  be  traced  more  than  a  few  yards ;  but  the  larger 
examples  may  be  followed  sometimes  for  miles.  Thus  in  the  souUi 
and  west  of  Scotland  a  remarkable  series  of  basalt-dykes  can  be 
traced  across  all  the  geological  formations  of  that  region,  including 


Fig.  281.— Dykw  in  Volcanic  Tupf  of  a  "  Neck,"  Shore,  Elie,  Fife. 

the  older  Tertiary  basalt.  They  run  parallel  to  each  other  in  a 
general  north-west  and  south-east  direction  for  distances  of  20  and 
30  miles,  and  have  been  assigned  to  the  great  volcanic  activity  of 
the  Miocene  period.  A  remarkable  dyke  of  the  same  series  crosses 
the  north  of  JBugland  from  near  the  coast  of  Yorkshire  for  fully  60 
miles  inland. 

Though  the  wall-like  form  is  predominant  among  dykes,  it  may 
readily  pass  into  vein-like  ramifications  and  into  intrusive  sheets 
(Fig.  277).  The  molten  material  took  the  channels  that  happened 
to  be  most  available.  If  the  fissure  bent  off  at  an  angle  from  its 
previous  course,  or  if  another  adjacent  fissure  happened  to  be  more 
convenient,  the  eruptive  rock  might  change  its  course.  Again, 
while  the  chief  mass  of  ascending  lava  rose  in  one  main  fissure, 
portions  of  it  might  find  their  way  into  neighbouring  parallel  rents, 
and  enclose  wall-like  portions  of  rock  within  the  dyke,  as  in  Fig.  282, 
where  the  total  breaath  of  the  main  dyke,  including  the  sandstone 
between  the  two  arms,  is  about  30  feet,  the  sandstone  being  gently 
inclined,  and  the  portion  enclosed  within  the  comer  of  the  dyke 
having  been  greatly  indurated. 


Digitized  by 


Google 


556  GEOTECTONIC  (STBUCTUBAL)  GEOLOGY.  [Book  IV. 

In  internal  strnctore  considerable  diffisrencee  may  be  detected 
among  dykes.  The  rock  may  appear  (a)  with  no  definite  stmctnre 
4^.iM«ir  i,Airi^_—  ^^  *^y  ^^^  beyond  irr^nlar  jointfaig; 
(b)  colamnar,  the  prisms  striking  off  at 
right  angles  from  the  walls,  and  eitiier 
going  completely  across  from  side  to 
side  or  leaving  a  central  non-colnmnar 
part  in  which  they  branch  and  lose 
themselves:  when  the  side  of  a  dyke 
having  this  structure  is  laid  bare,  it 

i)re8ent8  a  network  of  polygonal  joints 
brmed  by  the  ends  of  the  prisms  which. 

Fig.  282.— Plah  w  Dyke  ccttiho  when  the  dyke  is  vertical,  lie  of  coarse 
SAKDsromBB,  Shobe,  Goubogk,  in  a  horizontal  position,  whence  they 
B»r»wBHiBB.  depart  in  proportion  as  the  djke   is 

inclined:  occasionally  the  pnsms  are  as  well-formed  as  in  any 
columnar  bed  of  basalt ;  (e)  jointed  paraUel  with  the  walls,  the  joints 
bein^  sometimes  so  close  as  to  cause  the  rock  to  appear  as  if  it 
consisted  of  a  series  of  vertical  plates  or  strata :  tnis  platy  cha- 
racter when  it  occurs  in  basalt  aykes  is  best  developed  along  the 
walls ;  (d)  vesicular  or  amygdaloidal,  lines  of  minute  vesicles  having 
been  formed  parallel  with  the  walls,  and  attaining  their  greatest 
number  and  size  along  the  centre  of  the  dyke. 

As  a  rule,  the  outer  parts  of  a  dyke  of  crystalline  rock  are  finer- 
drained  than  the  centre.  Occasionally  the  external  saitace  has  a 
vitreous  structure  precisely  anal(^ous  to  that  already  described  in  the 
case  of  intrusive  sheets  (p.  549).  Basalt  veins,  for  example,  have  not  in- 
firequently  an  external  coating  or  varnish  (tachylite,  hyalomelan,  &c). 
It  occasionally  happens  also  that  the  central  portions  of  a  dolerite 
dyke  are  glassy,  of  which  structure  several  cases  have  been  observed 
in  Scotland ;  perhaps  in  these  instances  the  dyke  has  opened  along  its 
centre  and  a  fresh  uprise  of  more  glassy  basalt  has  risen  in  the 
fissure.^ 

Effects  on  Contiguous  Bocks. — ^These  are  similar  to  the 
changes  produced  by  intrusive  sheets  and  other  eruptive  masses. 
Induration  is  the  most  frequent  kind  of  alteration.  Bemarkable 
examples  have  been  observed  where,  in  limestones  in  contact  with 
dykes,  a  saccharoid  crystallization  of  the  calcite  has  been  super- 
induced, and  where  even  new  crystalline  silicates  have  been 
developed  (p.  572). 

Segregation  Veins. — ^These  include  most  of  what  were  formerly 
and  not  very  happily  termed  *' contemporaneous  veins,"  and  are 
peculiar  to  crystalline  rocks,  abounding  in  many  granites,  like- 
wise in  some  gneisses  and  schists,  and  not  infrequently  to  be 
observed  in  sheets  of  diorite,  dolerite,  and  diabase.  They  ran  as 
straight,  curved,  or  branching  ribands,  seldom  exceeding  a  foot  in 
thicmess.  Sometimes  tiiey  are  finer  in  texture  than  the  rock  which 
1  Bee  Proe.  Boy.  Fhy$.  8oe.  Edin.  yoL  y.  18S0,  p.  241. 
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they  traverse,  though  the  reverse  is  frequently  the  case,  more 
especially  in  gi-anite.  Close  examination  of  them  shows  that  instead 
of  being  sharply  defined  by  a  definite  junction  line  with  the  en- 
closing rock,  tney  are  welded  into  that  rock  in  such  a  way  that  they 


Fig.  283.— Seobeoation  Vsnrs  m  Diabase. 

cannot  easily  be  broken  along  the  plane  of  union.  This  welding  is 
found  to  be  due  to  the  mutual  protrusion  of  the  component  crystals 
of  the  vein  and  of  the  surrounding  rock — a  structure  sometimes 
admirably  revealed  under  the  microscope.  Veins  of  this  kind 
evidently  point  to  some  process,  still  unexplained,  whereby  into  rents 


Fio.  284.— Pbomatttb  Ybih  associated  with  Foliated  Gbanite.    Rubiblaw  Quaeet, 

iSlBEBDEEir* 

g  9,  Ordinary  granite  of  the  mass ;  p  p,  coarse  pegmatite  veins ;  b  «,  foliated  nanite 
passing  insensibly  into  g;  q,  mass  of  qnartz.  The  black  patches  in  p  and  q  are 
nests  ^  schorL 

formed  in  the  deeply  buried,  and  at  least  partially  consolidated  or 
possibly  colloid  mass,  there  was  a  transfusion  or  exosmosis  of  some  of 
the  crystallizing  minerals.  Along  the  margin  of  segregation  veins  in 
granite  a  foliated  structure  of  the  rock  may  be  occasionally  observed, 
as  in  some  of  the  large  granite  quarries  near  Aberdeen  (Fig.  284), 
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Coarse  pegmatite  veins  abounding  in  large  plates  of  musoovite, 
black  tourmaline,  and  quartz,  with  occasional  crystals  of  beryl  and 
other  minerals,  merge  into  the  surrounding  granite,  which  for  a  few 
inches  along  the  contact  has  a  foliated  structure  precisely  resembling 
that  of  a  fine  gneiss.  Possibly  this  foliation  may  indicate  motion  of 
the  granite  mass  along  the  line  of  fissure,  while  the  rock  itself  or  the 
materials  of  the  fissure  were  still  capable  of  molecular  rearrangement^ 

§  4,  Necks. 

Under  this  term  are  included  the  fiUed-up  pipes  or  funnels  of 
former  volcanic  vents.  Every  series  of  volcanic  wieets  poured  out  at 
the  surface  must  have  been  connected  either  with  fissures  or  with 
orifices  probably  opened  in  lines  of  fissure.  On  the  cessation  of  the 
eruptions,  the  orifices  have  remained  filled  with  lava  or  with  frag- 
mentary matter.  But  unless  subsequent  denudation  has  removed 
the  overlying  cone,  a  vent  lies  buned  under  the  materials  which 
came  out  of  it.  So  extensive,  however,  has  been  the  waste  of  the 
surface  in  many  old  volcanic  regions  that  the  vents  have  been  laid 


Fio.  2S5.-'DiAGBAM-SEcrrioN  to  show  the  Stbuctubb  of  Old  Yoloanic  Ventb,  and 

HOW  THET  MAT  BB  OONOEALED  AND  EXPOSED. 

1.  Tuff  cone  with  baaalt  plug  still  bnried  under  sedimentary  aocnmnlations ;  2.  TniT 
cone  and  basalt  plug  partially  exposed  by  denudation. 

bare.  In  Fig.  285,  two  volcanic  funnels  are  represented,  one  of 
them  still  buried  under  overlying  formations,  the  other  partially 
exposed  by  denudation.  Such  accumulations  of  volcanic  material  in 
and  around  the  pipes  of  eruption  are  known  as  Necks.  The  study 
of  them  brings  oefore  us  some  of  the  more  deep-seated  phenomena 
of  volcanic  action  that  cannot  usually  be  seen  at  a  modern  volcano. 
A  neck  is  circular  or  elliptical  in  ground-plan,  but  occasionally 
more  irregular  and  branching,  and  may  vary  in  diameter  from  a  few 
yards  up  to  a  mile,  or  even  more  (Fig.  286).  It  descends  into  the 
earth  perpendicularly  to  the  stratification  of  the  formation  to  which 
it  belongs.  Should  rocks  originally  horizontal  be  subsequently 
tilted,  a  neck  associated  with  them  would  of  course  be  thrown  out  of 
the  vertical  (Fig.  285).  As  a  rule,  however,  the  vertical  descent  of 
the  necks  into  the  earth's  crust  has  been  comparatively  little  inter- 
fered with.    In  external  form  necks  commonly  rise  as  cones  or  dome- 

>  See  pp.  807, 313. 
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shaped  hills  (Fig.  287).    This  oontoar,  however,  is  not  that  of  the 
original  volcanoes,  but  is  due  to  denudation.    Occasionally  the  rocks 
of  a  neck  have  been  so  worn  away  that  a  great  hollow,  suggestive  of 
the  original  crater,  occupies  their 
site.    (Fintry  Hills,  Stirlingshire.)  ,  '^^j:|;  |# 


Fio.  28ti.— Plan  of  Keck,  Shore,  heab 
St.  Monakb,  Fute. 

ZIybedflof  limeetone;  o,thinooal-seam;  6,  basalt 
▼einB ;  S.  large  bed  or  block  of  aandstone. 
Tbe  Neok  measures  about  60  by  87  yards. 
The  arrows  mark  the  dip  of  the  strata. 

It  might  be  supposed  that  necks 
should  always  rise  on  lines  of  fissure. 
But  in  central  Scotland,  where  they 
abound  in  rocks  of  Carboniferous 
age,  it  is  quite  exceptional  to  find 
one  placed  on  a  fault.  As  a  rule, 
they  seem  to  be  independent  of  the 
structure  of  the  crust  through  which 
they  rise. 

The  materials  filling  up  ancient 
volcanic  orifices  may  be  (a)  some 
form  of  lava,  as  feLstone,  auartz- 

porphyry,      diabase,      porpnyrite,  ^ 

basalt;    or    (b)    the    fragmentary  "" 

materials  which  fell  back  into  the  throat  of  the  volcano  and  finally 
solidified  there.  In  many  instances  both  kinds  of  rock  occur  in  the 
same  neck,  the  main  mass  consisting  of  agglomerate  or  tuff  with  a 
central  pipe  or  numerous  veins  ^  lava.    Among  the  Palaeozoic 
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yolcanic  districts  of  Britain  necks  not  infrequently  are  filled  with 
some  siliceous  crystalline  rock,  such  as  a  quartz-porphyry  or  felsite, 
even  where  the  surrounding  lavas  are  basic.  The  great  vent  of  the 
Braid  Hills  near  Edinburgh,  belonging  to  the  time  of  the  Lower 
Old  Bed  Sandstone,  is  filled  with  felsite  tuff  containing  70  per  cent, 
of  silica,  where  the  lavas  which  flowed  from  it  are  basic  porphyrites 
with  not  more  than  50  per  cent  of  this  acid.  Again,  at  Largo  in  Fife, 
strings  of  quartz-felsite  occur  in  one  of  the  necks,  though  M  the  sur- 
rounding lavas  are  basalts.  Necks  of  agglomerate  and  fine  tuff  abound 
among  the  Carboniferous  and  Permian  volcanic  regions  of  Scotland, 
and  are  laid  bare  in  so  many  admirable  sections,  that  these  regions 
may  be  regarded  as  typical  for  this  kind  of  geological  structure. 

The  fragmentary  materials  in  necks  consist  mainly  of  different 
lava-form  rocks  imbedded  in  a  gravelly  peperinoAike  matrix  of  more 
finely  comminuted  debris  of  the  same  rocks ;  but  they  also  contain, 
sometimes  in  abundance,  fragments  of  the  strata  through  which  the 
necks  have  been  drilled.  Occasionally,  as  in  some  of  the  Maare  of  the 
Eifel,  these  non-volcanic  fragments  constitute  most  of  the  debris 
(p.  243).  When  this  is  the  case  we  may  infer  that  after  the  first  caseous 
explosions,  the  activity  of  the  vent  ceased,  without  the  rise  of  the  lava 
column  or  its  ejection  in  dust  and  fragments  to  the  surface.  So 
unchanged  are  many  of  the  pieces  of  sandstone,  shale,  limestone,  or 
other  stratified  rock  in  the  necks,  that  they  have  evidently  never 
been  exposed  to  any  high  temperature.  In  some  cases,  however, 
considerable  alteration  is  displayed.  Dr.  Heddle,  from  observations 
in  Fife,  concluded  that  the  altered  blocks  in  the  tuff  there  must 
have  been  exposed  to  a  temperature  of  between  660°  and  9(Kf  Fahr.* 
Among  the  numerous  vents  of  central  Scotland  pieces  of  fine 
stratified  tuff  not  infrequently  appear  in  the  agglomerates.     This 

fact,  coupled  with  the  not  uncommon 
occurrence  of  a  tumultuous,  fractured, 
and  highly-inclined  bedding  of  the 
tuff  witn  a  dip  towards  the  centre  of 
the  neck  (Figs.  287,  288),  appears  to 
show  that  the  pipes  were  partly  filled 
up  by  the  subsidence  of  the  tuff  con- 
solidated in  beds  within  the  crater 
and  at  the  upper  part  of  the  funnel. 
Further  indication  of  the  probable 
subaerial  character  of  the  tuff  is 
furnished  by  abundant  pieces  of  en* 
closed  coniferous  wood,  which  may 
have  belonged  to  trees  or  brushwood 
that  grew  upon  the  dry  slopes  of  the 
cones ;  for  these  fragments  are  seldom 
to  be  seen  in  the  estuarine  and  marine  strata,  out  of  which  the  cones 
rose. 


Pio.  288.— Plan  of  Neck,  on  Shore, 
▲T  EuE,  Fife. 

T,  tuff;  the  arrows  marking  the  inward 
Dip ;  S,  sandBtones  through  which 
the  Keok  haR  been  blown  open ; 
B  B,  basalt  dykes. 


»  Tran9.  Roy,  Soc.  Edin,  xxviii.  p.  487. 
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It  is  common  to  find  amon^  necks  of  tuff,  nnmerous  dykes 
and  veins  of  laya^which,  ascending  through  the  tnff,  are  nsaally 
confined  to  it^  though  occasionally  tiiey  penetrate  the  surrouna- 
ing    strata.      They    are    often    beautifully 
columnar,  the  colunms  diverging  from  the 
sides  of  the    dykes  and   being  frequently 
curved. 

Proofs  of  subsidence  round  the  sides  of 
vents  may  often  be  observed.  Stratified 
rocks  through  which  a  volcanic  funnel  has 
been  opened  commonly  dip  into  it  aU  round, 
and  may  even  be  seen  on  edge,  as  if  they 
had  been  dragged  down  by  the  subsidence 
of  the  materials  in  the  vent.  Beautiful 
examples  occur  along  the  shores  of  the 
Firth  of  the  Foiiih.*  The  fact  of  subsidence 
beneath  modem  volcanic  cones  has  been 
already  referred  to  (pp.  232,  243). 

Effects  on  Contiguous  Bocks. — 
The  strata  round  a  neck  are  usually  some- 
what hardened.  Sandstones  have  acquired 
sometimes  a  vitreous  lustre;  argillaceous 
beds  have  been  indurated  into  porcellanite ; 
coal-seams  have  been  burnt  and  rendered 
unworkable.  The  coal-workings  in  Fife  and 
Ayrshire  have  revealed  many  interesting 
examples  of  these  changes,  which  may  b^ 
partly  due  to  the  heat  of  the  ascending 
column  of  molten  rock  or  ejected  fragments, 
partly  to  the  rise  of  heated  vapours,  even 
for  a  long  time  subsequently  to  the  volcanic 
explosions.  Proofs  of  a  metamorphism  pro- 
baoly  due  to  the  latter  cause  may  sometimes 
be  seen  within  the  area  of  a  neck.  Where 
the  altered  materials  are  of  a  fragmentary 
character,  the  nature  and  amount  of  this 
change  can  be  best  estimated.  What  was 
originally  a  general  matrix  of  volcanic 
dui^  has  been  converted  into  a  crystal- 
line and  even  porphvritic  mass,  through 
which  the  dispersed  blocks  of  the  agglom- 
erate, though  likewise  intensely  altered, 
are  still  recognizable.  Such  blocks  as, 
from  the  natu^  of  t^eir  substance,  must 
have  offered  most  resistance  to  change, — ^pieoes  of  sandstone  or 
quartz,  for  example, — stand  out  prominently  in  the  altered  mass, 


sk 


*  TraM,  Boy,  8oe.  Edin,  zziz.  p.  i 
see  Q.  /.  GeoL  Soe.  1860,  p.  245. 


For  an  ezoeUent  example  from  New  Zealand 
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though  even  they  have  undergone  more  or  less  modification,  the 
sand^one  being  converted  into  vitreous  quartz-rock.^ 

Section  IL  Interbedded  Volcanic  or 
Gontemporaneooa  Phase  of  Emp- 
tivity. 

Masses  of  igneous  materials,  ejected  to 
the  surfEu^e  in  some  of  the  forms  now 
visible  in  modem  volcanoes,  possess  great 
value  as  fixing  the  geological  epoch  of 
volcanic  eruptions.  It  is  evident  that  on 
the  whole  such  superficial  masses  must 
a^ree  in  lithological  characters  with  rocks 
already  described,  which  have  been  ex- 
travasated  by  volcanic  efforts  without  quite 
reaching  the  surface.  Yet  they  have  some 
well-marked  general  characters,  of  which 
the  most  important  may  be  thus  stated. 
(1.)  They  occur  as  beds  or  sheets,  some- 
times of  lavarform,  sometimes  of  firag- 
mental  materials,  which  conform  to  the 
bedding  of  the  strata  among  which  they 
are  intercalated.  (2.)  They  do  not  break 
into  or  alter  overlying  strata.  (3.)  The 
upper  and  under  sumces  of  the  lava- 
beds  present  commonly  a  scoriaceous  or 
vesicmar  character,  which  may  even  be 
found  extendii^  throughout  the  whole  of 
a  sheet  (4.)  Fragments  of  these  upper 
surfaces  not  unusually  occur  in  the  imme- 
diately overlying  strata.  (5.)  Beds  of 
tuff  are  frequently  interstratified  mth 
sheets  of  lava. 

§  1.  Crystalline,  or  Lavas. 

While  the  underground  course  of  a 

Erotruded  mass  of  molten  igneous  rock 
as  widely  varied  according  to  the  shape 
of  the  channel  through  which  it  proceeded 
and  in  which,  as  in  a  mould,  it  solidified, 
the  behaviour  of  the  rock,  once  poured 
out  at  the  surface,  has  be^i  much  more 
uniform.  As  in  modem  lava,  the  erupted 
has    rolled    along,  varying  in  thickness  and  other  minor 

>  For  a  detailed  aoooont  of  the  Btracture  of  some  Yolcanic  necks  the  student  may 
oonsnlt  a  monograph  by  the  author  on  the  Carboniferons  Yolcanio  rocks  of  the  Basin  of 
the  Forth.    Tran$,  Bay.  8oe.  Edin,  xxii.  p.  437. 
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characters,  but  retaining  the  broad  general  aspect  of  a  lenticular  bed 
or  sheet.  A  comparison  ,of  such  a  bed  wito  one  of  the  intrusive 
sheets  already  described  shows  that  in  several  important  lithological 
characters  they  differ  from  each  other.  An  intrusive  sheet  is  closest 
in  grain  near  its  upper  and  under  sur&ces.  A  contemporaneous  bed 
or  true  lavarflow,  on  the  contrary,  is  there  usually  most  open  and 
scoriaceous.  In  the  one  case  we  rarely  see  vesicles  or  amygdules,  in 
the  other  they  often  abound.  However  rough  the  upper  sur&ce  of 
an  interbedded  sheet  may  be,  it  never  sends  out  veins  into  nor  encloses 
portions  of  the  superincumbent  rocks,  which,  however,  sometimes 
contain  portions  of  it,  and  wrap  round  its  hummockv  irregularities. 
Occasionally  it  may  be  observed  to  be  full  of  rents  which  have  been 
filled  up  with  sandstone  or  other  sedimentary  material.  These  rents 
were  formed  while  the  lava  was  cooling,  and  sand  was  subsequently 


Fio.  291. — Sandstons  (s)  villing  Bents  in  thb  Subfaon  of  an  Intebbkddkd  Sheet 
OB  Flow  or  Porphtbite  (p).    Coast  or  Kinoabdi] 


The  lents  have  been  fiUed  in  with  sand  before  the  eruption  of  the  next  flow. 

washed  into  them.  Examples  of  this  structure  abound  among  the 
porphyrites  of  the  volcamc  tracts  of  the  Scottish  Lower  Old  Red 
Sandstone.  The  amygdaloidal  cavities  throughout  an  interbedded 
sheet,  but  more  especially  at  the  top,  may  often  be  noticed  with  an 
elongated  form,  and  even  pulled  out  into  tube-like  hollows  in  one 
general  direction,  which  was  obviouslv  the  line  of  movement  of  the 
yet  viscous  mass  (pp.  89, 477).  Some  kinds  of  rock  when  occurring  in 
interbedded  sheets  are  apt  to  assume  a  system  of  columnar  jointing. 
Basalt  in  particular  is  distinguished  by  the  frequency  and  perfection 
of  its  columns.  The  Giant's  Causeway  and  the  cliffs  of  Staffa,  ot 
Ardtun  in  Mull,  of  Loch  StaflBn  in  Skye,  the  Orgues  d'Expailly 
in  Auvergne,  and  the  Eirschberg  of  Fulda  are  well-known  examples 
(ante,  p.  506). 

Interbedded  lavas  of  former  geological  periods,  like  those  of 

2  o  2 
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recent  date  (anie,  p.  239),  occur  under  the  two  tolerably  well-d^iied 
conditions  of  crater  and  fissnie-eraptions.  . 

.  1.  Single  lenticnlar  sheets  or  groups  of  sheets,  nsnaDy  of 
limited  extent  and  with  associated  lands  of  toff,  form  the  more 
frequent  type  among  Palffiosoic  and  Secondary  foimations.  A 
single  interoedded  weet  may  occasionally  be  found  intercalated 
between  ordinary  sedimentary  strata  without  any  other  yolcanic 
accompanimenl  But  this  is  unusuaL  In  the  great  majority  of 
cases  several  sheets  will  be  found  together;  wSk  accompanying 
bands  of  contemporaneous  tuff 

In  such  abundantly  yolcanic  districts  as  central  Scotland,  the 
necks  or  yents  of  eruption  (p.  558)  may  frequently  be  detected 
around  the  lavas  which  proceeded  from  thiem.  The  thickness  of  aa 
interbedded  sheet  varies  for  different  kinds  of  lava.  As  a  rule,  the 
more  acid  rocks  are  in  thicker  beds  than  the  more  basia  Some  of 
the  thinnest  and  most  persistent  sheets  may  be  observed  among  the 
basalts,  where  a  thickness  of  not  more  than  12  or  15  feet  for  each 
sheet  is  not  uncommon.  Both  individual  sheets  and  groups  of 
sheets  possess  a  markedly  lenticular  character.    They  may  be  seen  to 


Fio.  292.— FouB  BuouMMva  Flows  of  Pobphtbiti,  Lowkb  CABBOsmBouB,  East 

Lditov. 

thicken  in  a  particular  direction,  probably  that  fit)m  which  they 
flowed.  Thus  m  Linlithgowshire  a  mass  of  lavas  and  tufib,  reaching 
a  collective  thickness  of  probably  2000  feet  in  the  Carboniferous 
Limestone  serie^  rapidly  oies  ou^  until  within  a  distance  of  only 
ten  miles  it  dwindles  down  to  a  single  band  less  than  fifty  feet 
thick.  On  the  other  hand,  beds  of  tolerably  uniform  thickness  and 
flatness  of  sur&ce  may  be  found ;  among  the  basalts,  more  particularly, 
the  same  sheet  may  be  traceable  for  miles,  with  remarkable 
regularity  of  thickness  and  parallelism  between  its  upper  and  under 
surfaces  (p.  565).  The  porphyrites  and  trachytic  and  felsitic  lavas 
are  more  irregular  in  thickness  and  form  of  surface  (Fi^.  292). 

Interbedded  (and  also  intrusive)  sheets  have  shared  in  all 
the  subsequent  curvatures  and  faultings  of  the  formations  among 
which  they  lie.  This  relation  is  well  seen  in  the  **  toadstones  *'  or 
diabase  beds  asfK)ciated  with  the  Carboniferous  Limestone  of  Derby- 
shire (Pig.  293).* 

2.  The  second  type  is  displayed  in  widespread  plateaux  com- 
posed of  many  successive  sheets,  frequently  with  little  or  no  inter- 
calation of  tuff.    It  occurs  even  among  ralaeozoic  formations,  but 

>  See  Section  IS,  <'  Hor.  Sect.  Geol.  Snnr.  Gnat  Britam." 
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attains  its  greatest  development  among  the  yolcanic  eruptions  of 
Tertiary  time.  Instead  of  mere  loctQ  lenticular  patches,  these 
sheets  lie  piled  over  each  other  sometimes  to  a  depth  of  several 
thousand  feet,  and  frequently  cover  areas  of  many  thousand  square 
miles.  Among  the  PalflBOzoio  rocks  of  Scotland  remnants  of  such 
ancient  volcanic  plateaux  occur  in  the  Old  Bed  Sandstone  (hills  of 
Lome)  and  GarboDiferons  systems  ^Campsie  Fells  and  hills  above 
Largs),  where  they  consist  chiefly  ol  consecutive  sheets  of  different 
porphyrites  rising  iuto  lon^  terraced  tablelands.  The  regularity  of 
thickness  and  pandlelism  of  these  sheets  form  conspicuous  features  in 
the  scenery  of  the  districts  in  which  they  occur. 

It  is  chiefly  basaltic  rocks,  however,  that  in  all  parts  of  the 
world  have  escaped  in  fissure  eruptions  and  now  build  up  vast 
volcanic  plateaux.  The  fragmentary  Miocene  plateaux  of  the 
British  Islands,  the  Faroe  Islands,  and  Iceland ;  those  of  the  Indian 
Deccim  and  of  Abyssinia,  and  the  more  recent  basalt  floods  which 
have  closed  the  eventful  history  of  volcanic  action  in  North  America, 
are  notable  illustrations  of  this  type  of  structure.  Beds  of  tuff> 
conglomerate,  gravel,  day,  shale,  or  other  stratified  intercaJations 


ONE    MILE 

Fig.  293.— ^ATnoN  or  Irtbboalated  Diabasb  (Toadstohs)  in  Gabbohitcboitb 
LnuafiONB,  Debbtbhibb  {B.). 

aOyToadstone;  6  6,  LimefltoneB ;  c,  MiUstone  grit ; //,  Fanlte. 

occasionally  separate  the  sheets  of  basalt.  Layers  of  lacustrine  clays, 
sometimes  full  of  leaves,  and  even  with  sufficiently  thick  masses  of 
vegetation  to  form  bands  of  lignite  or  coal,  may  also  here  and  there 
be  detect^  But  marine  intercalations  are  rare  or  absent.  There 
can  be  no  doubt  that  these  widely  extended  sheets  of  basalt  were  in 
the  main  subaerial  outpourings,  and  that  in  the  hoUows  of  their 
hardened  surJEiEtces  lay  lakes  and  smaller  pools  of  water  in  which  the 
interstratified  sedimentary  materials  were  laid  down.  The  singular 
persistence  of  the  basalt-beds  has  often  been  noticed.  The  same 
sheet  may  be  followed  for  several  miles  along  the  ma^ficent  cliffs 
of  Skye  and  Mull.  Mr.  Clarence  Eiug  believes  that  smgle  sheets  of 
basalt  in  the  Snake  River  lava-field  of  Idaho  may  have  flowed  for  50 
or  60  miles.^  The  basalts,  however,  so  exactly  resemble  each  other 
that  the  eye  may  be  deceived  unless  it  can  follow  a  band  without 
any  interruption  of  continuity. 

§  2.  Fragmental,  or  Tuffs. 

While  the  observer  may  be  in  doubt  whether  a  particular  bed  of 
lava  has  been  poured  out  at  the  surface  as  a  true  flow  or  has  con- 
*  **  Geological  Exploration  of  40ih  Parallel,"  i  p.  598. 
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Bolidated  at  some  depths  and  therefore  whether  or  not  it  iis  to  be 
regarded  as  evidence  of  an  actual  volcanic  outbreak  at  the  locality, 
he  is  not  liable  to  the  same  uncertainty  among  the  fragmental 
eruptive  rocks.  Putting  aside  the  occasional  brecciated  structure  seen 
along  the  edges  of  plutonic  intrusive  masses,  he  ma^  regard  all  the 
truly  fragmental  igneous  rocks  as  proofs  of  volcanic  action  having 
been  manifested  at  the  surface.  The  agglomerate  found  in  a 
volcanic  neck  could  not  have  been  formed  unless  the  vapours  in  the 
vent  had  been  able  to  find  their  way  to  the  surface,  and  in  so  doing 
to  blow  into  fragments  the  rocks  on  the  site  of  the  vent  as  well  as 
the  upper  part  of  the  ascending  lava-column.^  Wherever  therefore 
a  bed  or  a  series  of  beds  of  tuff  occurs  interstratified  in  a  geolc^cal 
formation  it  points  to  contemporaneous  volcanic  eruptions.  Hence 
the  value  of  these  rocks  in  interpreting  the  volcanic  annals  of  a 
region. 

The  fragmentarv  ejections  from  a  volcano  or  a  cooling  lava- 
stream  vary  from  the  coarsest  agglomerate  to  the  finest  tuff,  the 
coarser  materials  being  commonly  found  nearest  to  the  source  of 


Fig.  294. — Ejwtted  Voloanio  Blook  (12  x  15  x  17  inches)  in  Lowkb  GABBomnmoDS 
Shalbs,  Petttoub,  Fifb. 

discharge.  They  differ  in  composition,  according  to  the  nature  of 
the  lavas  with  which  they  are  associated  and  from  which  they  have 
been  derived.  Thus  a  region  of  trachyte-lavas,  supplies  trachyte-tuffs 
and  trachyte-breccias;  one  of  basalts  gives  basalt-breccias,  basalt- 
agglomerates,  basalt-tuffs ;  one  of  obsidians  yields  pumiceous  tnSa 
and  breccias.  The  fragmentary  matter  ejected  from  volcanic  vents, 
has  fallen  partly  back  into  the  funnels  of  discharge,  partly  over  the 
surrounding  area.  It  is  therefore  apt  to  be  more  or  less  mingled 
with  ordinary  sedimentarjr  detritus.  We  find  it  indeed  passing 
insensibly  into  sandstone,  snale,  limestone,  and  other  strata.  Alterna- 
tions of  greLYeYly  peperinoAike  tuff  with  a  very  fine-grained  "  ash  " 
may  frequently  be  observed.  Large  blocks  of  lava-form  rock,  as 
well  as  of  the  strata  through  which  the  volcanic  explosions  have 
taken  place,  occur  in  the  tufife  of  most  old  volcanic  districts.  Occa- 
sionally such  ejected  blocks  or  bombs  are  found  among  fine  shales 

*  It  is  conceivable  that  where  a  maas  of  lava  was  injected  into  a  sabtenaiiean 
cavern  fragmentary  discharges  might  take  place  and  partly  fill  that  cavitj;  bot  aooh 
exceptional  cases  are  probably  rare. 
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and  other  strata,  the  lamination  of  which  is  bent  down  round  them 
in  such  a  way  as  to  show  that  the  stones  fell  with  considerable  force 
into  the  still  soft  and  yielding  silt  or  clay  (Fig.  294).^ 

Fragmentary  materials  frequently  occur  in  interstratified  beds 
without  any  accompanying  lava;  this  takes  place  much  more 
conmionly  than  do  interstratified  sheets  of  lava  without  beds  of 
tuff,  just  as  in  recent  yolcanic  districts  it  is  more  usual  to  find 
cones  of  ashes  or  cinders  without  lava  than  lava  sheets  without  an 
accompaniment  of  ashes.  Masses  of  fine  or  gravelly  tuff  several 
hundreds  of  feet  in  thickness,  without  the  intervention  of  any  lava- 
bed,  may  be  observed  in  the  volcanic  districts  of  the  Old  Eed  Sand- 
stone and  Carboniferous  systems  in  Scotland,  evidence  of  long- 
continued  volcanic  action,  during  which  fragmentary  materials  were 
showered  out  and  spread  over  tne  water-basins  mingled  with  little 
or  no  ordinary  sediment.  On  the  other  hand,  in  these  same  areas 
thin  seams  of  tuff  interlaminated  with  sandstone,  shale,  or  limestone, 
afford  indications  of  feeble  intermittent  volcanic  explosions,  whereby 
light  showers  of  dust  were  discharged,  which  settled  down  quietly 
amidst  the  sand,  mud,  or  limestone  accumulating  around  at  the 
time.  Under  these  latter  circumstances  tuffs  often  become  fos- 
siliferous;  they  enclose  the  remains  of  such  plants  and  animals  as 
might  be  lying  on  the  lake-bottom  or  sea-floor  over  which  the 
showers  of  volcanic  dust  fell,  and  thus  they  form  a  connecting  link 
between  aqueous  and  igneous  rocks. 

As  illustrations  of  the  nature  of  the  stratigraphical  evidence  for 
former  conditions  of  volcanic  activity,  two  sections  from  Linlithgowshire 
may  here  be  given.    In  the  first  of  these  (Fig.  295),  a  black  shale  (1)  of 


Fia.  295. — Section  of  Ihtkbotbatifioations  of  Tuff  and  Shalb,  Old  Quabbt, 

WflflTBB  OGHILTIKni,  LiNLirHaOWaHIIlS  (LOWEB  CABBONIFMBOnB). 

the  usual  carbonaceous  type,  with  remains  of  terrestrial  plants,  lies  at  the 
bottom.  It  is  covered  by  a  bed  of  nodular  bluish-grey  tuff  (2)  containing 
black  shale  fragments,  whence  we  may  infer  that  the  underlying  or 
some  similar  shale  was  blown  out  from  the  site  of  the  vent  that 
furnished  this  dust  and  gravel.  A  second  black  shale  (3)  is  succeeded 
by  a  second  thin  band  of  fine  pale  yellowish  tuff.    Black  shale  (5)  again 

1  See  Geol.  Mag.  L  (1864),  p.  22. 
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BuperyeneB,  oontaining  rounded  fragments  of  tnff^  perhaps  la|»lli  inter- 
mittently .ejected  from  the  neighbouring  Tent,  and  passing  up  into  a 
layer  of  tuff  (6),  which  marks  how  the  volcanic  activity  ^adually 
increased  again.  It  is  evident  that,  but  for  the  proximity  of  an  active 
volcanic  vent,  there  would  have  been  a  continuous  deposit  of  black  shale^ 
the  conditions  of  sedimentation  having  remained  unchanged.  In  the 
next  stratum  of  shale  (7),  thin  seams  and  nodules  of  day-ironstone 
accumulated  round  decomposing  organic  remains  on  the  muddy  bottom. 
A  brief  volcanic  explosion  is  marked  by  the  thin  toff-bed  (8),  after 
which  the  old  conditions  of  deposit  continued,  the  bottom  of  the  water 
(as  the  shale  (9)  shows)  being  crowded  with  oetraood  crustaceans,  while 
nshes,  whose  coprolites  have  been  left  in  the  mud,  haunted  the  locality. 
At  last,  however,  a  much  more  powerful  and  prolonged  volcanic  explodoa 
took  place.  A  coarse  agglomeratic  tuff  (10),  with  blocks  sometimea 
nearly  a  foot  in  diameter,  was  then  thrown  out  and  overspread  the 
lagoon. 


•  Fio.  296.— BiornoN  in  Wardlaw  Quabbt,  LoaiTHaowBHiBE. 

The  second  example  (Fig.  296^  brings  before  the  mind  a  volcanic 
episode  of  another  kind,  in  the  nistory  of  the  same  region.  At  the 
bottom  of  the  section  a  pale  amygdaloidal,  somewhat  altered  basalt-rook 

(A)  marks  the  upper  surface  of  one  of  the  submarine  lavas  of  the  Car- 
boniferous Limestone  period.     Directly  over  it  comes  a  bed  of  limestone 

(B)  15  feet  thick,  the  lower  layers  of  which  are  made  up  of  a  dense 
growth  of  the  thin-stemmed  coral,  Lithostrotion  irregtdare^  which  over- 
spread the  hardened  lava.  The  next  stratum  is  a  band  of  dark  shale  (C), 
about  2  feet  thick,  followed  by  about  the  same  thickness  of  an  impure 
limestone  vnth  shale  seams.  The  conditions  for  coral  growth  were 
evidently  not  favourable ;  for  the  deposit  of  this  argillaceous  limestone 
was  arrested  by  the  precipitation  of  a  dark  mud,  now  to  be  seen  in  the 
form  of  3  or  4  inches  of  a  black  pyritous  shale  (E),  and  next  by  the 
inroad  of  a  large  quantity  of  a  dark  sandy  mud,  and  drift  vegetation, 
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Tirhidi  has  been  preserred  as  a  sandy  shale  (F\  oontaiDiag  Calamite9y 
Froducii^  ganoid  scales,  and  other  traces  of  the  terrestrial  and  marine 
life  of  the  time.  Finally  a  sheet  of  lava»  represented  by  the  uppermost 
amygdaloid  (0),  overspread  the  area,  and  sealed  up  these  records  of 
Falsaozoic  history.^ 


Fabt  Yin. — ^Thb  obtstallikb  Schists  as  part  of  thb  Abohi- 

TBOTUBB  OF  THB  EaBTH'S  GBUST. — MbTAMOBPHISM,  LoOAL  AND 
BhOIOKAIi. 

§  L  General  Oharaoten. 

Possessing  characters  which  on  the  one  hand  link  them  with 
stratified,  on  the  other  with  eruptiye  rocks,  the  crystalline  schists 
present  a  peculiar  type  of  structure  with  which  are  connected  some 
of  the  most  perple^ung  problems  of  geology.  These  rocks  coyer 
extensiye  areas  of  the  surface  of  the  continents,  occurring  usually 
whereyer  the  oldest  formations  haye  been  brought  to  the  light.  But 
tiiey  eyery  where  pass  under  younger  formations,  so  that  their  yisible 
superficies  is  probably  but  a  yery  small  part  of  their  total  extent.  In 
the  northern  regions  of  Europe  and  of  North  America  they  spread 
oyer  thousands  of  square  miles,  forming  the  tableland  of  Scandinayia, 
the  Highlands  of  Scotland,  and  a  great  part  of  Eastern  Canada  and 
Labra£)r.  They  likewise  commonly  rise  to  the  surface  along  the 
axes  of  great  mountain  chains  in  all  quarters  of  the  globe.  So 
persistent  are  thejr  that  the  belief  has  arisen  that  they  eyery  where 
underlie  the  stratified  formations  as  a  general  foundation  or  platform. 
Some  details  of  their  structure  will  be  giyen  in  the  description  of 
Archaean  rocks  in  Book  YI. 

The  most  distinctiye  character  of  the  schists  is  undoubtedly  their 
fDliation  (p.  118).  They  haye  usually  a  more  or  less  conspicuous 
crystalline  structure,  tnou^h  occasionally  this  is  associated  with 
traces  and  eyen  yery  prominent  manifestations  of  clastic  in^edients 
(pp.  123,  125).  Their  foliated  or  schistose  structure  yanes  from 
the  massive  type  of  the  coarsest  eneiss  down  to  the  extremely 
delicate  arrangement  of  the  finest  talcose  or  micaceous  schist.  They 
occur  sometimes  in  monotonous  uniformity;  one  rock,  such  as  gneiss 
or  mica-schist,  covering  vast  areas.  In  other  places  they  consist  of 
rapid  alternations  of  various  foliated  masses — ^gneiss,  mica-schist, 
clay-slate,  actinolite-schist,  and  many  other  species  and  varieties. 
Lenticular  seams  of  crystalline  limestone  or  marble,  usually  with 
some  of  the  minerals  mentioned  on  p.  114,  sometimes  stoongly 
graphitic,  not  un&equently  occur  among  them,  especially  where 
they  contain  bands  of  serpentine  or  other  magnesian  silicates.  Thick 
irregular  zones  of  magnetite^  haematite,  and  aggregates  of  homblendic, 
pyroxenic,  or  chrysoUtio  minerals  likewise  make  their  appearance. 

*  See  ^'Memoifs  of  GeoL  Survey,  Qedogy  of  Edinburgh,"  pp.  45,  58.    Trafu.  Bey. 
A)o.JEU<ii.xxiz.p.483. 
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Anothei*  characteristic  of  the  schists  is  their  usual  intei 
cmmpling  and  plication.  The  thin  folia  of  their  different  component 
minerals  are  intricately  and  minutely  puckered  (Fig.  19).  Thicker 
bands  may  be  trac^  in  violent  plication  along  the  &ce  of  exposed 
crags.  So  intense  indeed  have  been  the  intermd  moyem^its  of  theee 
masses  that  the  geologist  experiences  ^reat  and  often  insurmountable 
difficulties  in  trying  to  male  out  their  order  of  succession  and  their 
thickness.  Such  evidence  of  disturbance,  though  usually  Btnmglj 
marked,  is  not  everywhere  equally  so.  Some  areas  have  been  nK>re 
intensely  crumpled  and  plicated,  and  where  this  is  the  case  the 
rocks  usually  present  their  most  conspicuously  crystalline  stractnre. 

A  further  eminently  characteristic  feature  of  the  schists  is  th^ 
common  association  with  bosses  and  veins  or  bed-like  sheets  of 
granite,  syenite,  quartz-porphyry,  or  other  massive  rocks.  In  some 
regions  indeed  so  abundant  are  the  granitic  masses  and  so  coarsely 
crystalline  or  granitoid  the  schists,  that  it  becomes  hardly  possible 
to  draw  satisfactory  boundary  lines  between  the  two  kinds  of  rock. 

Apart  from  disputed  theories  as  to  the  mode  in  which  the  crystal- 
line schists  were  formed,  there  seems  no  good  reason  to  doubt  that 
originally  these  rocks  were  laid  down  in  sheets  or  beds,  and  that  their 
present  puckered  and  plicated  condition  has  been  the  result  of 
terrestrial  movements  similar  to  those  by  which  the  crumpling  and 
plication  of  ordinary  sedimentary  rocks  in  mountain  regions  have 
Seen  produced.  The  alternations  of  different  bands  of  (juartzoee, 
aluminous,  or  magnesiem  composition,  with  the  occasional  mtercala- 
tion  of  lenticular  zones  of  white  marble,  at  once  recall  the  manner 
in  which  deposits  of  sandstone  and  shale,  associated  with  each  other 
in  the  older  fi;eological  formations,  are  here  and  there  interrupted 
by  courses  of  mnestone.  This  first  postulate,  therefore,  is  genendly 
granted,  that  the  crystalline  schists  were  deposited  on  the  sea-floor. 

But  the  next  step  in  the  induction  nas  given  rise  to  great 
differences  of  opinion.  Some  geologists  maintain  that  the  crystalline 
schists  are  original  chemical  deposits  of  the  primeval  ocean.  Others 
insist  that  these  rocks  were  at  first  mere  mechanical,  possibly  to 
some  extent  chemical,  sediments,  and  that  their  present  crystalline 
and  foliated  characters  have  been  superinduced  upon  them ;  in  other 
words  that  they  are  metamorphic  rocks.  One  of  the  chief  causes  of 
the  difficulty  of  the  problem  lies  in  the  fact  that  the  cirstalline 
schists  are  in  the  majority  of  cases  separated  from  idl  other  ^eo- 
logical  formations  by  an  abrupt  hiatus.  Instead  of  passing  into 
these  formations  they  are  commonly  covered  uncontormably  bv 
them,  and  have  usually  been  enormously  denuded  before  the  deposi- 
tion of  the  oldest  overlying  rocks.  Hence,  not  only  is  there  a  want 
of  continuity  between  the  schists  and  youneer  formations,  but  the 
contrast  between  tiiem  in  regard  to  lithdo^cal  characters  and 
geotectonic  structure  is  so  exceedingly  striking  as  naturally  to 
suggest  the  idea  that  the  schists  must  belong  to  a  period  long 
anterior  to  that  of  the  earliest  sedimentary  formations  of  tne  ordinary 
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type  and  to  a  totally  different  order  of  physical  conditions.  Natural, 
howeyer,  as  this  conclusion  may  be,  those  who  adopt  it  probably 
seldom  realise  to  what  an  extent  it  rests  upon  mere  assumption. 
Starting  with  the '  supposition  that  the  crystalline  schists  are  ihe 
result  of  geological  operations  that  preceded  the  times  when 
ordinary  sedimentation  begaUi  it  assumes  that  they  belong  to  one 
great  early  geological  period.  Yet  all  that  can  Ic^cally  be  asserted 
as  to  the  age  of  these  rocks  is  that  they  must  be  older  than  the 
oldest  formations  which  overlie  them.  If  in  one  region  of  the  globe 
they  appear  from  under  Cretaceous,  in  another  below  Carboniferous, 
in  a  third  below  Silurian  strata,  their  chronolo^  is  not  more 
accurately  definable  from  this  relation*]  than  by  saying  they  are  re- 
spectively pre-Cretaceous,  pre-Carboniferous,  and  pre-Slurian.  They 
may  all  of^  course  belong  to  the  same  period ;  but  where  they  occur 
in  detached  and  distant  areas  their  synchronism  cannot  be  proved. 
To  assert  it  is  an  assumption  which,  though  in  memy  cases  irresistible, 
ought  not  to  be  received  with  tiie  confidence  of  an  established  truth 
in  geology. 

In  the  investigation  of  the  problem  of  the  crystalline  schists  much 
assistance  may  to  derived  from  a  study  of  the  localities  where  a 
crystalline  and  foliated  structure  has  been  superinduced  upon 
ordinary  sedimentary  rocks — where,  in  feict  these  rocks  have  actually 
been  changed  into  schists,  and  where  the  gradation  between  their 
imaltered  and  their  altered  condition  can  be  clearly  traced.  Accord- 
ingly the  following  pages  of  this  Part  will  be  devoted  to  an  exami- 
nation of  the  salient  features  of  metamorphism  and  metamorphio 
rocks. 

At  the  outset  some  caution  must  be  employed  as  to  the  use  of 
the  terms  **  metamorphism  "  and  **  metamorphic.  It  is  obvious  that 
we  have  no  right  to  call  a  rock  metamorphio  unless  we  can  distinctly 
trace  it  into  an  unaltered  condition,  or  can  show  from  its  internal 
composition  and  structure  that  it  has  undergone  a  definite  change,  or 
can  prove  its  identity  with  some  other  rock  whose  metamorphic 
character  has  been  satisfactorily  established.  Further,  it  must  be 
remembered  that  in  a  certain  sense,  all  or  nearly  all  rocks  may  be 
said  to  have  been  metamorphosed,  since  it  is  exceptional  to  find  any, 
not  of  very  modem  date,  wnich  do  not  show,  when  closely  examined, 
proofs  of  navin^  been  hardened  by  the  pressure  of  superincumbent 
rock  and  altered  by  the  action  of  percolating  water  or  other  daily 
acting  metamorphic  agent  Even  a  solid  crystalline  mass  which, 
when  viewed  on  a  uesh  fracture  with  a  good  lens,  seems  to 
consist  of  unchanged  crystalline  particles,  will  usually  betray  under 
the  nucroscope  unmistakable  evidence  of  alteration.  And  this 
alteration  may  go  on  until  the  whole  internal  organization  of  the 
rook,  BO  far  at  l^st  as  we  can  penetrate  into  it,  has  been  readjusted, 
though  the  external  form,  may  still  remain  such  as  hardly  to  indicate 
the  change,  or  to  suggest  that  any  new  name  should  be  ^ven  to  the 
reoomposed  rock.     Among  many  igneous  rocks,  particularly  the 
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more  basic  kinds,  as  basalt^  diorites,  olivine  rocks,  &a,  altermtkxi  of 
this  nature  may  be  studied  in  all  its  stages.    (See  pp.  107, 331.) 

But  mere  alteration  by  decay  is  not  what  gedogists  denote  by 
metamorphism.  The  term  has  been,  indeed,  much  too  looselj 
employea ;  but  it  is  now  generally  used  to  express  a  cbuige  in  the 
mineralogical  or  chemical  composition  and  internal  struetme  of 
rocks,  produced  at  some  depth  from  the  surface  through  the  opermtkni 
of  heat,  and  heated  water  or  yapoun  A  metamorphic  rock  maT  be 
as  compact  and  crystalline  as  the  parent  mass  from  which  it  has  been 
altered,  like  which,  also,  when  exposed  at  the  surface,  it  again  under- 
goes alteration  by  weathering. 

Metamorphism  may  be  effected :  1st.  By  the  action  of  bealed 
water  carrying  carbonic  acid  and  mineral  solutions  produced  by 
carbonic  or  other  acid  (p.  300) ;  2nd.  By  the  action  of  hot  rapouB 
and  gases  (pp.  235,  297) ;  3rd.  By  the  heat  generated  in  the  crosb- 
iuK  of  rock-masses  during  contraction  of  the  terrestrial  carust  (p.  290) ; 
4tb.  By  the  intrusion  of  neated  eruptiye  rocks,  sometimes  containing 
a  large  proportion  of  absorbed  water,  yapours,  or  ^ases  (p.  541  $eq.) ; 
6th.  Occasionally  and  yery  locally  by  the  combustion  of  oeds  of  coaL 

Metamorphism  is  manifested  in  two  distinct  phases.  laiL 
Local  (the  metamorphism  of  contact  or  <^  juxtapositicm),  where 
the  change  has  been  effected  only  within  a  limited  area  beyond 
which  the  ordinary  condition  of  the  altered  rocks  can  be  seen.  2Dd« 
Begional  (normal),  where  the  chance  has  taken  place  over  a  large 
trac^  the  orimial  characters  of  the  tutered  rocks  being  more  or  leas 
completely  effaced. 

§  II.  Local  Metamorphism  (metamorphism  of  contact  or 
juxtaposition). 

The  influence  of  thermal  waters  in  effecting  mineralogical  changes 
within  rocks  has  been  already  described,  and  some  illustratiye  ex- 
amples haye  been  giyen  (pp.  299, 309V.  Such  changes  may  tid^e  plaoe 
along  the  sides  of  the  chwnels  in  wnich  the  heatod  water  makes  its 
way  to  the  surface,  and  as  far  into  the  rock  around  as  the  water  may 
be  able  to  penetrate.  Eruptive  rocks,  also,  when  intruded  among 
limestones,  sandstones,  shales,  and  other  sedimentary  formations^ 
produce  in  them  yarious  kinds  and  degrees  of  alteration. 

Bleaching  is  well  seen  at  the  surface,  where  heated  roloanie 
yapours  rise  through  tuffs  or  layas  an4  conyert  them  into  white 
clays  (p.  235).  ]>dcoloration,  however,  has  proceeded  also  under- 
neath, along  tne  sides  of  dykes  (p.  553).  Thus  in  Arran  a  zone  of 
decoloration  ranging  from  5  or  6  to  25  or  30  feet  in  width,  runs  in 
the  red  sandstone  along  each  side  of  many  of  the  abundant  basalt 
dykes.  This  removal  of  the  colouring  peroxide  may  haye  been 
effected  by  the  prolonged  escape  of  hot  yi^urs  from  the  cooling 
laya  of  the  dykes.  Had  it  been  due  merely  to  the  reducii^  effect  ^ 
organic  matter  in  the  meteoric  water  filtermg  down  each  side  of  the 
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dyke,  it  ongbt  to  occnr  as  frequently  along  joints  in  which  there 
has  been  no  ascent  of  igneous  matter. 

Colonration. — ^Bocks,  particularly  shale  and  sandstone^  in 
contact,  with  intrusiye  sheets,  are  sometimes  so  reddened  as  to 
resemble  the  burnt  shale  from  an  ironwork.  Every  case  of 
reddening  along  a  line  of  junction  between  an  eruptive  and  non- 
eruptive  rock,  must  not,  however,  be  set  down  without  examination 
as  an  effect  of  the  mere  heat  of  the  injected  mass,  for  sometimes  the 
colouring  may  be  due  to  subsequent  oxidation  of  iron  in  one  or  both 
of  the  rocks  by  water  percolating  along  the  lines  of  contact. 

Indoration. — One  of  the  most  common  changes  superinduced 
upon  sedimentary  rocks  along  their  contact  with  intrusive  masses  is 
a  hardening  of  their  substance.  Sandstone,  for  example,  is  converted 
into  a  compact  substance  which  breaks  with  the  lustroas  fracture  of 
quartzite.  Argillaceous  strata  are  altered  into  flinty  slate,  Lydian 
stone,  jasper,  or  porcellanite.  This  change  may  sometimes  be 
produced  oy  mere  dry  heat,  as  when  clay  is  bakea.  But  probably 
in  the  majority  of  cases,  induration  of  subterranean  rocks  results 
from  the  action  of  heated  water.  The  most  obvious  examples  of  this 
action  are  those  wherein  the  percentage  of  silica  has  been  increased 
by  the  deposit  of  a  siliceous  cement  in  the  interstices  of  the  stone, 
or  by  the  replacement  of  some  of  the  mineral  substances  by  silica. 
This  is  specially  observable  round  eruptive  masses  of  granite  and 
some  diabases.^ 

Ezpalsion  of  water. — One  effect  of  the  intrusion  of  molten 
matter  among  the  ordinary  cool  rocks  of  the  earth's  crust  has 
doubtless  often  been  temporarily  to  expel  their  interstitial  water. 
The  heat  may  even  have  been  occasionally  sufficient  to  drive  off 
water  of  crystallization  or  of  chemical  combination.  Mr.  Sorby 
mentions  that  it  has  been  able  to  dispel  the  water  present  in 
the  minute  fluid  cavities  of  quartz  in  a  sandstone  invaded  by 
dolerite.* 

Prismatio  stractnre. — Contact  with  eruptive  rocks  has  fre- 
quently produced  a  prismatic  structure  in  the  contig[uous  masses. 
Conspicuous  illustrations  of  this  change  are  displayed  in  sandstones 
through  which  dykes  have  risen  (Fig.  297).  Independently  of  the 
lines  of  stratification  polygonal  prisms,  six  inches  or  more  in 
diameter,  and  several  feet  in  length,  starting  from  the  face  of  the 
dyke,  have  been  developed  in  the  sandstone.^ 

Some  of  the  most  perfect  examples  of  snperindnoed  prisms  may 
occaBJonally  be  noticed  in  seams  of  coal  which  have  been  invaded  by 

'  EayBer,  on  oontaei  metanunrphigm  amid  the  diabase  of  the  Han,  Z.  Deui$ck,  ChoiL 
Ge9,  xxiL  103,  wheie  aaaWiea  showing  the  high  percentage  of  siUca  are  given. 
Hawj9S,  Amer.  Jaum.  8ci,  January  1881.  The  phenomena  of  metMuorphism  round 
granite  are  further  described  below  p.  578  sag. 

*  Q.  J.  GeoL  8oe.  1880. 

'  Sandstone  altered  by  basalt,  melaphyre,  or  allied  rook,  Wlldenstein,  near  Bfidingen, 
Upper  Hesse ;  Scboberle,  near  Kziebits,  Bohemia ;  Johnadorf;  near  Zittau,  Saxony ; 
Bishopbriggs,  near  Glasgow.^ 
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intmsiye  igneous  materiaL  In  the  Scottish  ooal-fields  sheets  of  basalt 
have  been  forced  along  the  snr&oes  of  coal-seams,  and  even  along  their 
centre  so  as  to  form  a  bed  or  sheet  in  the  middle  of  the  coaL  The  coal  in 
these  cases  is  sometimes  beantifnlly  columnar,  its  slender  hexagonal  and 
pentagonal  prisms,  like  rows  of  stout  pencils,  diverging  from  the  surface 
of  the  intrusive  sheet.^ 

Other  examples  of  the  production  of  this  structure  have  been  described 
in  dolomite  altered  by  quartz-porphyry  (Oampiglia,  Tuscany);  fresh- 
water limestone  altered  by  basalt  ^Oergovia,  Auvergne) ;  basalt-tnff  and 
granite  altered  by  basalt^  (Mt.  Saint-Michel,  Le  Puy). 


a  h 

FlO.  297. — SAITDflTONB  (o,  a) 


^«Ae£t_ 


Pbismatio  bt  Douebitb  (6,  6),  BiSHOPBSiea^ 
Glabqow. 


Calcination,  Melting,  Coking.' — B^  the  ^at  heat  of  erupted 
masses,  more  especially  of  basalt  and  its  allies,  some  rocks  have 
undergone  particd  fusion,  their  matrix  or  some  of  their  component 
minerals  havmg  been  melted,  while  others  have  been  entirely  fused. 
Among  granite  fragments  ejected  with  the  slags  of  old  volcanic  vents  in 
Auvergne,  some  present  no  trace  of  alteration,  others  are  burnt  as  if 
they  had  been  in  a  furnace,  or  are  partially  melted  so  as  to  look  like 
slags,  each  of  their  component  minerals,  however,  remaining  distinct 
In  the  Eifel  volcanic  region,  the  fragments  of  mica-schist  and  gneiss 
ejected  with  the  volcanic  detritus  have  sometimes  a  crust  or  glaxe  of 
glass.  Sandstones,  though  most  frequently  baked  into  a  compact 
quartzite,  are  sometimes  changed  into  an  enamel-like  mass  in  which, 

'  Goal  and  lignite,  with  their  aooompanying  olajB,  altered  by  basalt,  diabase,  mela- 
phyre,  &c.,  Ayruiire,  Scotland;  St.  Satarnin,  AuTerpie;  Meissner,  Hesse  Cassel; 
Ettingshauflen,  Vogelsgebirge ;  Sulzbach,  Upper  Palatinate  of  BaTaria :  FanfkiFDhen, 
Hungary:  by  trachyte,  Commentry,  Central  France;  by  phonoUte,  Northern  Bavaria. 

•  Naumann,  "  Geoffnosie,*'  L  p.  737. 

'  It  is  worthy  of  obserration  that  changes  of  the  kind  here  referred  to  oesor  moii 
commonly  with  basalt-rocks,  melaphyres,  and  diabases.  Trachyte  has  been  a  less 
frequent  agent  of  alteration,  though  some  remarkable  examples  of  iti  influence  have  been 
noted.  Poulett  Scrope  (Geol.  TVoiu.  2nd  Ser.  IL)  describes  the  altermtko  of  a 
trach^  conglomerate  by  trachyte  into  a  yitreous  mass.  Quarts-porphyry  and  diorite 
occasionally  present  examples  of  calcination,  or  more  or  less  complete  fosioo.  But  with 
the  granitic  and  syenitic  rooks  changes  of  this  kind  hare  never  been  obserred.  Na 
"  Geogttosie,"  i.  p.  744. 
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when  the  rock  consistB  of  an  arffillaceons  or  calcareons  matrix  with 
dispersed  quartz-grains,  the  inmsible  quartz  may  be  recognized 
(Ooerellenbachy  I^wer  Hesse).  According  to  Bunsen's  observationSy 
Yolcanic  tuff  and  phonolite  have  sometimes  been  melted  for  several 
feet  on  the  sides  of  the  dolerite  dykes  which  traverse  them,  so  as  to 
present  the  aspect  of  pitchstone  or  obsidiem.^  Besides  complete  fusion 
and  fluxion  structure  there  has  sometimes  been  also  a  pioduction  of 
microscopic  crystallites  in  the  fused  portions  resembung  those  of 
eruptive  rocks. 

The  effects  of  eruptive  rocks  upon  carbonaceous  beds  and 
particularly  upon  coal-seams  are  amon^  the  most  conspicuous 
examples  of  this  kind  of  alteration.  They  yary  consioerably, 
according  to  the  bulk  and  nature  of  the  eruptive  sheet,  the  thickness, 
oompositioD,  and  structure  of  the  coal-seam,  and  prolutbly  other 
causes.  In  some  cases  the  coal  has  been  fused  and  has  acquired  a 
blistered  or  vesicular  texture,  the  eas  cavities  bein^  either  empty  or 
filled  with  some  infiltrated  mineral,  especially  calcite  (east  of  Fife). 
In  other  examples  the  coal  has  become  a  hard  and  brittle  kind  of 
anthracite  or  ^' blind  coal,"  owing  to  the  loss  of  its  more  volatile 
portions  (west  of  Fife).  This  change  may  be  observed  in  a  coal- 
seam  six  or  eight  feet  thick,  even  at  a  distance  of  50  yards  from  a 
lar^e  dyke.  Traced  nearer  to  the  eruptive  mass  the  coal  passes  into 
a  kind  of  pyritous  cinder  scarcely  half  the  original  thickness  of  the 
seam.  At  the  actual  contact  with  the  dyke  it  becomes  by  degrees  a 
kind  of  caked  soot,  not  more  perhaps  than  a  few  inches  thick  (South 
Staffordshire,  Ayrshire).  Coal  altered  into  a  prismatic  substance 
has  been  above  (p.  573)  referred  to;  it  has  even  been  observed 
changed  into  graphite  (JSew  Cumnock,  Ayrshire). 

The  basalt  of  Meissner  (Lower  Hesse)  overlies  a  thick  stratum  of 
brown  coal  which  shows  an  interesting  series  of  alterations.  Immediately 
under  the  i^eous  rock  a  thin  seam  of  impure  earthy  coal  (''  letten ") 
appears  as  if  completely  burnt.  The  next  underlying  stratum  has  been 
iJtered  into  metaUio-lustred  anthracite,  passinff  downwards  into  various 
black  glossy  coals  beneath  which  the  brown  coal  is  worthless.  The  depth 
to  wMch  the  alteration  extends  is  5*3  metres.^  Another  example  of 
alteration  has  recently  been  described  by  G.  vom  Hath  from  Ftinfkirohen 
in  Hungary.'  A  ooal-seam  has  there  been  invaded  by  a  basic  isneous 
rock  (perhaps  diabase)  now  so  decomposed  that  its  true  lithological 
character  cannot  be  satis&ctorily  determined.  Here  and  there  the 
intrusive  rock  lies  concordantly  with  the  stratification  of  the  coal,  in 
other  places  it  sends  out  fingers,  ramifies,  abruptly  ends  off,  or  occurs 
in  detached  nodular  fragments  in  the  coal.  The  latter  in  contact  vrith 
the  intrusive  naterial  is  converted  into  prismatic  coke.  The  analysis  of 
three  specimens  of  the  coal  throws  light  on  the  nature  of  the  change. 

>  XJgaaUy  the  Titreous  band  at  the  marein  of  a  dyke  of  basalt  or  dolerite  is  taohylitic, 
belonging  to  the  intnided  rook  and  not  to  that  through  which  it  has  risen. 

'  Moeeta,  ^  Geologische  Sohildemng,  Meissner  und  Hirsohberge,"  Marburg,  1867. 

'  G.  yom  Bath,  N,  Jahrb,  1880,  p.  276.  In  the  abore  analysis  the  bitumen  includes 
aU  TOlatUe  oonstituents  driven  off  by  heat,  hence  coke  and  bitumen  =  100. 
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One  of  these  (A)  shows  the  ordinary  oomposition  of  the  ooal  at  a  distance 
from  the  innuenoe  of  the  intrusive  rocK,  the  seoond  (B)  taken  from  a 
distanoe  of  about  0*3  metres  (nearly  1  foot)  exhibits  a  partial  canTeraion 
into  ooke,  while  in  the  third  (0),  taken  from  immediate  oontact  with  the 
eruptive  mass,  nearly  all  the  Yolatile  hydrocarbons  have  been  expelled. 


ABh. 

Solpbnr. 

Coke. 

Bltmna 

A.    8*29  per  cent. 

2074 

79-7 

20-8 

B.    9-73        H 

1-112 

87-8 

12-2 

0.  45-96        „ 

0-161 

95-8 

4-7 

Li  a  coal-field  much  inTaded  by  igneous  rocks  the  seams  of  coal  are 
usually  found  to  have  suffered  more  than  the  other  strata,  not  merely 
because  they  are  specially  liable  to  alteration  from  the  proximity  of  heated 
surfaces,  but  because  they  haye  presented  lines  of  more  easy  escape  for 
the  igneous  matter  preased  from  below.  The  molten  rode  has  Tery 
generally  been  injected  along  the  ooal-seams;  sometimes  taking  the 
lower,  sometimes  tne  upper  surface,  or  even,  as  already  stated,  forcing  its 
way  aJong  the  centre. 

During  the  subterranean  distillation  arising  from  the  destruction  or 
alteration  of  coal  and  bituminous  shales,  while  the  gases  eyolTed  find  their 
way  to  the  sur£EU)e,  the  liquid  products,  on  the  other  hand,  are  apt  to 
collect  in  fissures  and  cavities,  in  central  Scotland,  where  the  coal-fields 
have  been  so  abundantly  pierced  by  igneous  masses,  petroleum  and 
asphaltum  are  of  frequent  occurrence,  sometimes  in  chinks  and  veins  of 
sandstones  and  other  sedimentary  strata,  sometimes  in  the  cavities  of  the 
igneous  rocks  themselves.  In  West  Lothian  intrusive  sheets,  traversing  a 
group  of  strata  containing  seams  of  coal  and  oil-shale,  have  a  distinctly 
bituminous  odour  when  freshly  broken,  and  little  globules  of  petroleum 
may  be  detected  in  their  cavities.  In  the  same  district  the  joints  and 
fissures  of  a  massive  sandstone  are  filled  with  solid  brown  asphalt 
which  the  quarrymen  manufacture  into  candles. 

Strildng  as  is  the  change  produced  by  the  intrusion  of  basalt  into 
coals  and  bituminous  shales,  it  is  hardly  more  conspicuous  than  the  altera- 
tion effected  on  the  invading  rock.  A  compact  crystalline  black  heavy 
basalt  or  dolerite,  when  it  sends  sheets  and  veins  into  a  coal  or  highly 
carbonaceous  shale,  becomes  yellow  or  white,  earthy,  and  friable,  loses 
weight,  ceases  to  have  any  apparent  crystalline  texture,  and,  in  short, 
passes  into  what  would  at  first  tmhesitatingly  be  pronounced  to  be  mere 
clay.  It  is  only  when  the  distinctly  intrusive  character  of  this  substanoe 
is  recognized  in  the  veins  and  fingers  which  it  sends  out,  and  in  its 
own  irregular  course  in  the  altered  coal,  that  its  true  nature  is  made 
evident.  Microscopical  examination  shows  that  this  "white-rock"  or 
"white-trap"  is  merely  an  altered  form  of  some  diabasic  or  basaltic 
rock,  wherein  the  felspar  crystals,  though  much  decayed,  can  yet  be 
traced,  the  augite,  olivme,  and  magnetite  being  more  or  less  completely 
changed  into  a  mere  pulverulent  earthy  substance.  A  specimen  of  this 
altered  rock  analysed  by  Henry  gave : — ^Alumina,  13*250 ;  Silica,  88*830 ; 
iiime,  3*925;  Magnesia,  4*180 ;  Soda,  0*971;  Potash,  0*422 ;  Protoxide  of 
iron,  18-830;  Peroxide  of  iron,  4-336;  Carbonic  acid,  9*320;  Water, 
11*010  =  100*073.  It  is  evident  that  pirt  of  the  lime,  maenesia,  and 
alkalies,  and  some  of  the  silica,  have  here  been  removed,  and  Uiat  most  oi 
the  iron  exists  as  ferrous  carbonate. 
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Marmarosis.^ — The  conyersion  of  ordinary  dnll  granular  lime^ 
stone  into  crystalline  or  saccaroid  marble  may  not  infrequently  be 
observed  on  a  small  scale  where  an  intrusive  sheet  or  dyke  has 
invaded  the  rock.  One  of  the  earliest  described  examples  of  this 
change  is  that  at  Bathlin  Island  off  the  north  coast  of  Ireland 
(Fig.  298).    Two  basalt  dykes  (20  and  35  feet  thick  respectively) 


eae  a 


Fio.  298.— Dtku  of  Basalt  (a  a  a)  tbaybbsino  Chalk  (b),  vrmcB  nkab 

IS  OOMTSKTID  IinX)  MiJSBLB  (o),  BaTHLIN  ISLAm),  AlTTRDf. 


TBB  DtKBS 


ascend  there  through  chalk,  of  which  a  band  twenty  feet  thick 
separatee  them.  Down  the  middle  of  this  central  chalk  band  runs  a 
tortuous  dyke  one  foot  thick.  The  chalk  between  the  dykes  and  for 
some  distance  on  either  side  has  been  altered  into  a  finely  granular 
marble.^  Another  smaller  but  interesting  illustration  of  the  same 
change  occurs  at  Camps  Quarry  near  Edinburgh.  The  dull  grey 
Burdie  House  limestone  (Lower  Carboniferous),  full  of  yalves  of 
Leperditia  emd  plants,  has  there  been  invaded  by  a  basaltic  dyke, 
which,  sending  slender  veins  into  the  limestone,  has  enclosed  portions 
of  it.  The  limestone  is  found  to  have 
acquired  the  granular  crystalline  cha- 
racter of  marble,  each  little  granule 
of  calcite  having  its  own  orientation 
of  cleavage  planes  (Fig.  299). 

Prodaotion  of  new  minerals. — 
One  of  the  results  of  the  intrusion  of 
eruptive  rock  has  been  the  develop- 
ment of  crystalline  minerals  in  ordinary 
sedimentary  strata  near  the  line  of 
contact.  The  new  minerals  have 
usually  an  obvious  affinity  in  com- 
position with  the  original  rock.  But 
undoubtedly  silica  has  often  been 
introduced  as  part  of  the  alteration, 
either  free  or  as  silicates. 


Fig.  299.— Section  of  Ldcbstonx  (o) 
(BuBDiE  House)  oonyebted  into 

OBANULAB  MABBLB  BT  BaSALT  (b). 

Magnified  20  diametbbs. 


An  interesting  instance  of  the  change  was  described  many  years  ago 
by  Henslow,  near  Plas  Newydd,  Anglesea.  A  basalt  dyke  154  feet  in 
breadth  there  traverses  strata  of  shale  and  argillaceous  limestone,  which 
are  altered  to  a  distance  of  35  feet  from  the  intrusive  rocks,  the  limestone 
becoming  granular  and  oxystalline,  and  the  shale  being  hardened,  here 


*  The  ooining  of  a  new  word  to  eipress  a  change  for  which  there  is  as  yet  no  short 
term  may  perhaps  be  pardoned. 

•  Conybeare,  Trans.  Oeol,  8oe,  iiL  p.  210  &  Plate  x. 
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and  there  poroelamized,  while  its  shells  (j^odudi^  &c,),  though  nearly 
obliterated,  are  still  traceable  by  their  impressions.  In  the  altered 
fossiliferous  shale  numerous  crystals  of  analcime  and  garnet  have  been 
deyeloped,  the  latter  yielding  as  much  as  20  per  cent,  of  lime.^  Similar 
phenomena  were  obserred  by  Sedgwick  along  the  edges  of  intruded 
basalt  among  the  Carboniferous  limestones  and  shales  of  High  Teesdale. ' 
Among  localities  where  the  development  of  new  minerals  in  proximity 
to  eruptive  rock  has  taken  place  on  the.  most  extensive  sosle,  none 
have  been  more  frequently  or  carefully  described  than  some  in  the 
group  of  mountains  lying  to  the  east  and  south-east  of  Botzen,  in  the 
Ty r(u  (Monzoni,  Predazzo).  Limestones  of  Lower  Triassic  (or  Permian) 
age  have  there  been  invaded  by  masses  of  monzonite  (a  rock  mtermediate 
between  syenite  and  diorite,  sometimes  containing  much  augite)»  granite, 
melaphyre,  diabase,  and  orthoclase  porphyry.  They  have  become  coarBely- 
crystalline  marble,  portions  of  them  being  completely  enveloped  in  the 
eruptive  rock.  But  their  most  remarkable  feature  is  that  in  them  and 
in  the  eruptive  rocks  in  contact  wiUi  them  many  beautifully  crjBtal- 
lized  minerals  have  been  developed,  including  garnet,  idoora8e,'gehlenite. 
fassaite,  pistacite,  spinel,  anorthite,  mica,  ma^etic  iron,  hsomatite, 
apatite,  and  serpentine.  Some  of  these  minerab  occur  chiefly  or  only 
in  the  eruptive  masses,  others  more  frequently  in  the  limestone,  whi<^ 
is  marked  by  a  lime-silicate  horns  tone  zone  along  the  junction.  Bat 
these  are  all  products  of  contact  of  the  two  kinds  of  rock.  Layers  of 
carbonates  (calcite,  also  with  brucite],  alternate  with  laminae  and  streaks 
of  various  silicates,  in  a  manner  strikingly  similar  to  the  arrangement 
found  in  limestones  among  areas  of  regional  metamorphism,  where  no 
visible  intrusive  rock  has  i^uenced  the  phenomena.^ 

Produotion  of  foliation. — ^This  is  the  most  complete  kind  of 
metamorphic  change,  for  not  only  are  new  minerals  developed  but  the 
whole  texture  and  structure  of  the  rock  are  altered.  BeSerenoe  has 
been  already  (p.  541  seq.)  made  to  the  striking  manner  in  which  fdiatioD 
has  been  superinduced  upon  ordinary  sedimentary  rocks  round  lane 
bosses  of  granite.  The  details  of  this  change  deserve  caxmd 
consideration,  for  they  possess  a  high  importance  in  relation  to  any 
theory  of  metamorphism* 

A  classical  region  for  the  study  of  this  kind  of  alteration  is  in  the 
Harz,  where,  round  the  granite  masses  of  the  Brooken  and  Bamberg, 
the  Devonian  and  older  Falaeozoic  rocks  are  altered  into  various  flinty 
slates  and  schists  which  form  a  rin^  round  the  eruptive  rock.  Dykee 
and  other  masses  of  a  orystalline  diabase  have  likewise  been  enipted 
through  the  grey wackes  and  shales,  which  in  contact  and  for  a  vaiying 
distance  beyond  have  been  converted  into  hard  silioeous  bands  (honi- 
•tone)  and  into  various  finely  foliated  masabs  (FleokBohiafer,  Band- 
addefer^  Oontaot-sohiefer,  the  spilosite  and  deamosite  of  Zinoksu).    The 

^  Cambridge  PhU  !tr<M8. 1  p.  Ml 

■  On  the  Monsoni  region,  see  Doelter,  Jahrb.  Oeol,  BeiehmnttaH.  1875,  p.  S07 
wbmabiUiographjofth«looaU^imtothed^teof  pnblieatioBwfll)^  One* 

1^5  other  pkpen  naye  appeared,  of  wnion  tne  following  .dealina  with  ihe  f^^Tmrtim  9t 
oontaot-metamorphifm  may  be  mentioned*  O*  rom  Rath,  Z,  DnUMk,  Om4,  €fm,  1875 
p.  848.    Lembwg,  (^.  c<e.  1877,  p.  467. 
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limestones  have  their  carbon  dioxide  replaced  by  silica  in  a  broad  zone 
of  lime-silicate  along  the  contact.* 

In  the  Ohristiania  district  of  southern  Norway  instraotiye  illnstrationi 
of  the  metamorphism  of  sedimentary  rocks  round  eruptiye  eranite  havd 
long  been  known.  Ejerulf  has  shown  that  each  lithological  zone  of  the 
Silurian  formations  as  it  approaches  the  granite  of  that  district  assumes 
its  own  distinctive  kind  of  metamorphism.  The  limestones  become 
marble,  with  crystals  of  tremolite  and  idocrase.  The  calcareous  and 
marly  shales  are  changed  into  hard,  almost  jaspery,  shales  or  slates; 
the  cement-stone  nodules  in  the  shales  appear  as  masses  of  garnet ;  the 
sandy  strata  become  hard  siliceous  schists  (H&Ueflinta,  jasper,  homstone) 
or  quartzite;  the  non-calcareous  black  clay-slates  are  oonyerted  into 
chiastolite-schists,  or  graphitic  schists,  but  often  show  to  the  eye  only 
trifling  alteration.  Other  shaly  beds  have  assumed  a  fine  glimmering 
appearance ;  and  in  the  calcareous  sandstone,  biotite  has  been  develope£ 
In  spite  of  the  metamorphism,  however,  neither  fossils  nor  stratification 
have  been  quite  obliterated  from  the  altered  rocks.  From  all  the  strati- 
graphical  zones  fossils  have  been  found  in  the  altered  belt,  so  that  the 
true  position  of  the  metamorphosed  rocks  admits  of  no  doubt.' 

Bound  the  granite  bosses  of  Devon  and  Cornwall,  Devonian  and 
Lower  Carboniferous  strata  have  undergone  similar  metamorphism.' 
In  the  lake  district  of  the  north  of  Eneland  excellent  examples  of  the 
phenomena  of  contact  may  be  observed  round  the  granite  of  Skiddaw. 
The  alteration  here  extends  for  a  distance  of  two  or  three  miles,  from 
the  central  mass  of  granite.  The  slate  where  unaltered  is  a  bluish-grey 
cleaved  rock,  weathering  into  small  flakes  and  pencil-like  fragments. 
Traced  towards  the  granite,  it  first  shows  fiftint  snots,  which  increase  in 
number  and  size  until  they  assume  the  form  of  chiastolite  crystals,  with 
which  the  slate  is  now  abundantly  crowded.  The  zone  of  this  andalusite- 
schist  seldom  exceeds  a  quarter  of  a  mile  in  breadth.  Still  closer  to  the 
granite  a  second  stage  of  metamorphism  is  marked  by  the  development 
of  a  general  schistose  character,  tne  rock  becoming  more  massive  and 
less  deaved,  the  cleavage  planes  being  replaced  by  an  incipient  foliation 
due  to  the  development  of  abundant  dark  little  rectangular  or  oblone 
spots,  probably  imperiectly  crystallized  chiastolite,  this  mineral,  as  weU 
as  andalusite,  occurring  also  in  large  crystals,  toother  with  minute 
flakes  of  mica  (spotted  schist,  knofenschiefer).  A  third  aiid  final  stage 
is  reached  when,  oy  the  increase  of  the  mica  and  quartz-grains,  the  rock 
passes  into  mica-schist~a  light  or  bluish-grey  rock,  with  wonderfully 
contorted  foliation,  which  is  developed  blOse  to  the  granite,  there  being 
always  A  sharp  line  of  demarcation  between  the  itiica-jschlsi  alid  the 
granite.^ 

Farther  north  in  th&  souih-wedtem  couiitied  6t  St5otknd  sevei^  l^^ 
masses  of  fine-grained  granite  rise  through  the  Lower  Siloriilti  ^y- 
wacke  and  shale,  which,  around  the  granite  for  a  variable  distance  cf  a 
fbW  hundred  yards  to  nearly  tWd  mi^,  have  uhdergbhd  gi^t  iklt^tktion. 

*  Zinckeh,  Kartten  Und  v,  Decheh.  Arckiv.  t.  p.  ^5 ;  xit.  p.  581  ^cha.  N.  fdthA. 
1862,  pp.  769,  929.  K.  A.  Loosen,  Z.  DeuUeh.  OeoL  Ge$.  xxi.  p.  2S9l ;  ixiv.  |>.  "701. 
Kayser,  Op.  eit.  xxii.  p.  103.  The  memoirs  of  Losmii  foim  some  of  th6  ihost  hn^rtant 
eoilttibtittons  to  bur  knowledge  of  the  phdiidmelii  of  nietamorplilBiii. 

'  Kjerolf,  **  Geologie  Norwegens,"  1880,  p.  18. 

»  De  la  Beche,  "  Geology  of  Deyon  and  Cornwall,"  OeoL  Burv.  Mem.  L  1839. 

*  J.  C.  Ward,  Q.  Joum.  Oeol.  86c.  IxidL  (1876),  p.  1. 
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These  strata  are  ranged  in  steep  anticlinal  and  synclinal  folds  which  run 
across  the  south  of  Scotland  in  a  general  north-east  and  sooth-west 
direction.  It  is  observahle  that  this  normal  strike  continues,  with  little 
modification,  up  to  the  granite,  which  thus  has  replaced  an  equiralent 
area  of  sedimentary  rock  (see  p.  542).  The  coarser  arenaceous  beds,  as 
thej  approach  the  granite,  are  changed  into  quartz-rock,  the  thin  silioeoas 
shales  into  Lydian-stone,  the  black  anthracitic  graptdite-shales  into  a 
compact  mass  oharKcd  with  pyrites,  and  breaking  into  large  rou^  blocks. 
Strata  wherein  feLspar-giums  abound  have  been  altered  to  a  greater 
distance  than  the  more  siliceous  beds,  and  show  a  gradation  through 
spotted  schists,  with  an  increasing  development  of  mica  and  foliatkn, 
until  along  the  edge  of  the  granite  they  become  true  micanBohist  and 
even  a  fine  kind  of  gneiss.^ 

Closely  analogous  to  these  examples  are  those  described  by  Fuchs' 
from  the  French  Pyrenees,  and  by  Bosenbusoh'  fix)m  the  Eastern 
Yosges.  In  the  former  case  the  metamorphism  of  day-slate  is  traced 
through  spotted  schists  (Fruoht-,  chiastolite-,  and  andalusite-sohists)  into 
mica-schist  and  gneiss.  In  the  latter  a  zone  of  alteration  is  snown 
to  surround  the  gp-anite  boss  of  Barr-Andlau.  The  unaltered  day-slates 
are  grey,  brown,  violet,  or  black,  thinly  fissile,  here  and  there  curved, 
crumpled,  and  crowded  with  kernels  and  strings  of  quartz.  Traced 
towards  the  granite,  they  present  an  increasingly  pronounoed  meta- 
morphism. First  they  assume  a  ^tted  appearance,  owing  to  the 
development  of  small  oark  points  and  knots,  which  increase  in  sise  and 
number  towards  the  granite,  while  the  ground-mass  remains  unaltered 
(Enotenschiefer,  Fruohtsohiefer).  The  ground-mass  of  the  slate  then 
becomes  lighter  in  colour,  harder,  and  more  crystalline  in  appearance, 
while  flakes  of  mica  and  quartz-grains  make  their  appearance.  The 
knots,  now  broken  up,  rather  increase  than  diminish  in  size;  the 
hardness  of  the.  rock  rapidly  increases,  and  the  fissile  structure  becomes 
unrecognizable  on  a  fresh  fracture,  Uiough  observable  on  a  weathered 
surface.  Still  nearer  the  mnite,  the  knot-like  concretions  dimppear 
from  the  rock,  which  then  has  become  an  entirdy  crystalline  mass,  in 
which,  with  the  lens,  small  flakes  of  mica  and  grains  of  quarts  can  be 
seen,  and  which  under  the  microscope  appears  as  a  thoroughly  crystalline 
Aggi'^te  of  andalusite,  quartz,  and  mica.  The  pronortions  of  the 
ingredients  vary,  but  the  andalusite  and  quartz  usually  greatly  pre- 
ponderate (andalusite-schist).  Chemical  analysis  shows  that  the  un* 
altered  day-slate  and  the  ci^stalline  andalusite-schist  next  the  granite 
consist  essentially  of  similar  chemical  materials,  and  that  '*  probably  the 
metamorphiiim  has  not  taken  place  by  the  addition  or  subtraction  of 
matter,  but  by  another  and  stul  unknown  process  of  molecular  tran»> 
position."^  In  some  cases  boric  add  has  been  supplied  to  the  schists  at 
the  contact.* 

>  J.  Home,  Mem,  (ML  Survey,  SeoHandy  Explanation  of  Sheet  9,  p.  22.  The  fine 
**  gneiss"  found  m  a  contact  produot  round  the  granite  of  DeTon  and  Oomwall  was 
termed  **  oornubianite  "  by  Boose— a  name  which  Naumann  has  proposed  to  derote  to  this 
kind  of  rook.     GeoLl^S. 

«  A.  Jahrh.  1870,  p.  742. 

•  Op.  eit.  1875.  p.  849.  **Die  Steigersohiefer  und  ihre  Oontaot-Zooe,**  StrnMbnrr. 
1877.    Unger,  N.  Jahrb.  1876,  p.  785.  ^' 

•  Unger.  Op.  eU.p,  806. 

•  fioeenbusch,  •*  Die  Steigerschiefer,"  Ac,  p.  257. 
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An  important  paper  upon'  the  contact  phenomena  of  the  granite  of 
Albany,  New  Hampshire,  has  been  published  by  Mr.  G.  W.  Hawes.^  His 
analyses  indicate  a  systematic  and  progressive  series  of  changes  in  the 
schists  as  they  approach  the  granite.  The  rocks  are  dehydrated,  boric 
and  silicic  acids  have  been  added  to  them,  and  there  appears  to  have 
been  also  an  infusion  of  alkali  directly  on  the  contact.  He  regards  the 
sdiists  as  having  been  impregnated  by  very  hot  vapours  and  solutions 
emanating  from  the  granite. 

In  Brittany  Lower  Silurian  slaty  rocks,  where  they  approach  masses 
of  eruptive  granite,  assume  a  schistose  character  and  contain  large 
crystals  of  chiastolite,  among  which,  in  the  same  pieces  of  stone, 
specimens  of  bracbiopods  and  trilobites  may  be  seen.^ 

Summary  of  facts. — The  foregoing  examples  of  the  alteration 
superinduced  upon  stratified  rocks  m  proximity  to  granite  or  other 
eruptive  masses  might  be  largely  increased;  but  they  may  suffice 
to  establish  the  following  deductions  in  regard  to  contact  rneta- 
morphism. 

1.  Groups  of  ordinary  sedimentary  strata  (sandstones,  shales, 
limestones,  &c.),  where  they  have  been  pierced  by  granite  or  other 
plutonic  rock,  have  undergone  an  internal  change,  whereby  their 
usual  lithological  characters  have  been  partially  or  wholly  oblite- 
rated. 

2.  The  distance  to  which  this  change  extends  varies  within  wide 
limits,  being  in  some  cases  scarcely  traceable  for  a  hnndred  yards,  in 
others  continuing  for  two  miles  or  more.  The  subterranean  surface 
of  the  plutonic  rock,  however,  being  unknown,  it  may  frequently  lie 
nearer  the  surface  of  the  ground  than  might  be  supposed.  Detached 
minor  areas  of  metamorphism  may  thus  be  connected  with  eruptive 
bosses  which  have  not  yet  been  laid  bare  by  denudation. 

3.  As  the  alteration  increases  in  intensity  with  greater  proximity 
to  the  plutonic  ro^  it  must  be  regarded  as  a  result  of  the  protrusion 
of  that  rock.  But  there  occur  exceptional  areas  or  bands  which 
have  undergone  a  minor  degree  of  change  even  in  the  midst  of 
highly  altered  portions. 

4.  The  character  of  the  metamorphism  depends  fundamentally 
upon  the  composition  and  texture  of  the  rock  on  which  it  has  been 
effected.  Sandstones  have  been  changed  into  quartzite;  siliceous 
schists  into  homstone,  Lydian-stone,  &c.;  clay-slates  into  spotted 
schists,  chiastolite-schists,  mica-schists,  &c. ;  argillaceous  greywacke 
and  greywacke-slate  into  '^  knotenschiefer,"  mica-slate,  and  gneiss. 
Alternations  of  distinct  kinds  of  sedimentary  strata,  such  as  slate 
and  sandstone,  are  represented  by  distinct  alternating  metamorphic 
bands,  such  as  quartzite  and  mica-schist. 

5.  In  some  cases  the  transformation  of  a  thoroughly  clastic  rock 
(clay-slate,  greywacke,  greywacke-slate  or  flagstone)  into  a  com- 
pletely crystalline  one  (andalusite-schist,  mica-schist,  gneiss)   has 


>  Amer.  Joum.  8ci.  xxi.  (January  1881).  p.  21. 

«  Boblaye,  Compte9  rendus,  1838,  p.  186;  BuU,  Soc,  Q46L  France,  x.  p.  227. 
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been  effected  with  little  or  no  alteration  of  the  ultimate  chemical 
composition  of  the  mass.  In  other  cases  a  perceptible  alteration  in 
the  proportions  of  the  chemical  ingredients  is  traceable.^  The 
deyeiopment  of  a  crystalline  structure  can  be  traced  through  inter- 
mediate stages  from  ordinary  sedimentar?  rock  to  thoronghly  foliated 
schist,  remains  of  fossils  being  still  obserrable  after  considerable 
progress  has  been  made  towards  the  completion  of  a  crystalline 
rearrangement. 

6.  Not  only  does  the  crystalline  character  increase  towards  the 
limit  of  contact  with  the  eruptive  rock,  but  it  is  accompanied  with  a 
progressive  development  of  foliation,  the  minerals,  more  especially 
the  mica,  crystallizing  in  folia  parallel  either  with  the  ori^mal 
stratification  of  the  clastic  mass  or  with  the  cleavage  surfaces  should 
these  be  its  dominant  divisional  planes.^  Along  the  line  of  contact 
with  granite  the  foliation  is  sometimes  excessively  crumpled  or 
puckered,  while  here  and  there  the  foliated  structure  disappears  and 
the  rock  assumes  a  lithological  character  closely  approxmiating  to 
that  of  granite. 

7.  The  phenomena  now  described  evidently  point  to  the  heat  of 
eruptive  rock  as  their  prime  cause.  Mere  dry  heat>  however,  would 
probably  have  been  inefiective  for  the  production  of  the  changes 
observea.  It  was  accompanied  by  the  co-operation  of  water,  either 
already  present  interstitially  in  the  sedimentary  rocks  or  supplied  to 
them  irom  the  eruptive  masses.  From  experimental  researches  it  is 
known  that  at  a  dull  red  heat  in  presence  of  water,  important 
mineralogical  transformations  take  place  (ante^  p.  300).  There  is 
reason  to  believe  that  by  a  reaction  of  this  nature  the  phenomena  of 
contact  metamorphism  were  produced. 


§  in. — Regional  (Normal)  MetamorphianL 

From  the  phenomena  of  metaniorphism  round  a  central  boss  of 
eruptive  rock  we  now  pass  to  the  consideration  of  cases  where  the 
metamorphism  has  affected  wide  areas  without  visible  relation  to 
eruptive  matter.  It  is  clear  that  only  those  examples  are  here 
admissible  in  evidence  where  there  is  distinct  proof  that  the 
crystalline  and  foliated  character  passes  into  that  of  ordinary  stratified 
materials,  or  where  the  rocks  can  be  shown  to  be  the  equivalents  of 
what  are  elsewhere  ordinary  unaltered  masses. 

At  the  outset  it  must  be  observed  that  a  feeble  but  distinct 
trace  of  metamorphism  is  indicated  by  abundant  veins  of  quartz  and 
calcite  which  tell  of  a  copious  penetration  by  water  charged  with 

""hiB  is  BpeoiaUT  noticeable  in  the  proportion  of  ailioa,  which  is  aometimet  found  to 
ly  inoneaed  m  the  altered  zone,  either  by  an  absolute  addition  of  this  adki,  or 
ion  and  remoyal  of  some  of  the  bases.    See  Eayser,  Z.  Deuiteh,  OtoL  Get.  zxiL 

the  south  of  Scotland  the  foliation  round  the  granite  bosses  is  coincident  with 
^tion ;  round  Bkiddaw,  with  cleavage. 
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mineral  solutions.  The  plentiful  diffusion  of  crystalline  microliths 
in  some  clay-slates  and  even  of  recognizable  microscopic  crystals 
^gamet^  &c.),  with  the  retention  of  the  ordinary  characters  and  eyen 
fossil  contents  of  clastic  rocks,  points  to  a  more  pronounced  change, 
yiz.  the  initiation  of  a  general  crystalline  rearrangement,  apart  from 
the  mere  intrusion  of  eruptive  matter.  All  that  is  known  of  the 
probable  ori^  of  these  minerals  negatives  the  supposition  that  they 
could  have  been  formed  in  the  original  sediment  of  the  sea  bottom 
on  which  the  organisms  entombed  in  the  deposits  lived  and  died. 
For  their  production  a  temperature  and  a  chemical  composition  of 
the  water  would  seem  to  have  been  required  such  as  must  liave  been 
inimical  to  the  co-existence  in  the  same  water  of  such  highly 
organized  forms  of  life  as  brachiopods  and  trilobites.  Two  regions 
may  be  cited  here  as  affording  proof  of  an  extensive  conversion  of 
ordinary  sedimentary  strata  of  Falaeozoic  age  into  crystalline  schists 
— the  Highlands  of  Scotland  and  the  Green  Mountains  of  New 
England. 

Evidence  from  the  Scottish  Highlands. — ^In  geological 
structure  Scotland  presents  three  parallel  zones,  which  cross  the  island 
&om  south-west  to  north-east.  The  southernmost  of  these  consists  chiefly 
of  greywacke,  grit,  and  shale,  with  some  thick  lenticular  seams  of  lime- 
stone m  the  south-western  paxt  of  the  area.  These  rooks  have  yielded 
an  abundant  suite  of  orgamo  remains,  which  prove  them  to  be  of  Lower 
Silurian  age.  They  have  been  ext^ively  plicated  into  innumerable 
anticlinal  and  synclinal  folds,  often  sharp  and  steep,  not  infrequently 
reversed  (p.  518).  The  general  persistent  direction  of  the  axes  of  those 
folds  is  N.E.  and  S.W.,  and  as  the  tops  of  the  arches  have  been  greatly 
denuded,  the  Silurian  belt  appears  to  be  made  up  of  highly-inclined  and 
even  vertical  strata.  The  central  zone  of  the  country,  consisting  of  Old 
Bed  Sandstone,  Carboniferous,  and  Permian  formations,  with  abundant 
associated  volcanic  rooks,  extends  as  a  band  about  fifty  miles  broad, 
separating  the  Silurian  uplands  of  the  southern  zone  from  the  Highlands. 
The  last-named  r^on,  occupying  more  than  half  of  the  whole  country, 
consists  mainly  of  crystalline  schists  with  bosses  of  granite,  porphyry,  d^. 
These  rocks  stretch  tiirongh  four  degrees  of  latitude,  and  four  and  a  half 
of  longitude,  and  must  cover  an  area  of  not  less  than  16,000  square  miles 
at  the  surface,  but  as  they  sink  beneath  later  formations,  and  as  they  are 
prolonged  into  Ireland,  their  total  area  must  be  still  more  extensive.  It 
was  formerly  believed  that  the  crystalline  schists  of  Scotland  belonged 
to  the  early  ecological  period  in  which  such  rocks  were  supposed  to  have 
been  everyn^ere  formed.  Murchison,  however,  found  the  key  to  their 
structure,  and  proved  them  to  be  mainly  of  Lower  Silurian  age — the 
metsonorphosed  equivalents  of  the  scarcely  altered  Lower  Silurian  strata 
in  the  southern  zone  of  the  kingdom. 

The  oldest  rock  of  the  whole  region  (a,  Fig.  300)  is  a  remarkably  coarse 
crystalline  gneiss  seen  in  Sutherland  and  Boss,  the  two  north-westerly 
counties  of  Scotland.  It  will  be  described  in  the  section  on  Archaean  rocks 
in  Book  YL  It  is  unconformably  overlaid  by  nearly  flat  brownish-red 
(Oambrian)  sandstones,  oonelomerates  and  breccias  (b)  which  in  turn 
are  surmounted  unconformably  by  inclined  beds  of  quaitzite  and  lime- 
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Btone  (e)  dipping  below  a  series  of  qnartz-scbists  and  micaceonB  flag- 
stones or  flaggy  mica-schists  (d).  This  order  of  succession  is  visible  in 
many  magnificent  natural  sections  for  a  distance  of  ninety  miles.  The 
Lower  Silurian  i^  of  these  rocks  is  fixed  by  the  occurrence  of  recc^- 
nizable  fos^s  in  me  lower  parts  of  the  series.  The  basement  quartzite  is 
full  of  annelide-burrows ;  the  limestone  has  yielded  MadwreOj  Mureki$onia, 
OpMleiay  PleuroUmaria,  Orthisy  OrthoceroB^  and  Piloceras;  the  shales  are 
crowded  with  carbonaceous  fucoid-like  casts.  On  the  whole,  these 
fossiliferous  strata  are  not  much  altered,  but  as  the  fissile  series  overlying 
them  is  traced  eastwards,  it  is  found  to  assume  a  more  sclustose  character. 
The  original  stratification  remains  indeed  quite  distinct ;  bands  of  more 
sandy  nature  alternating  with  others  of  a  more  argillaceous  composition, 
as  sandstones  and  shales  do  elsewhere.  Some  of  the  strata  are  made  up 
of  water-worn  pebbles  of  quartz,  &c.,  in  a  schistose  matrix.  Even  the 
false  beddiuff  of  the  sandy  beds  can  readily  be  detected.  With  these 
evidences  of  an  original  clastic  character,  there  is  noticeable  a  fine 
foliation  prodaced  by  the  development  chiefly  of  minute  folia  of  mica 
in  the  planes  of  deposit.  So  long  as  the  strata  retain  their  gentle 
easterly  inclination  this  foliation  remains  feeble  and  with  little  variation. 
But  after  passing  across  several  thousand  feet  of  these  little  altered 
strata,  we  find  that  they  rapidly  undergo  a  series  of  plications,  after 


Fig.  SOO.^DiAOBAX  of  the  OrDBB  of  SuOCESSION  among  the  CBTSTALLIKX-SOmfflfl 

OF  SOOTLAND. 

which  their  angle  of  inclination  remains  high  for  a  long  distance,  as  they 
are  thrown  into  numerous  steep  arches  and  troughs  (e). 

With  this  chance  from  a  gentle  and  scarcely  disturbed  succession  to  a 
highly  plicated  and  crumpled  condition,  there  is  an  accompanying  and 
proportionately  rapid  increase  in  crystalline  character.  The  rocks  become 
thoroughly  foliated  mica-schists  and  fine  gneisses,  containing  porphyritic 
crystals  of  orthoclase  and  garnet  with  concretions  and  veins  of  quartz.  The 
rest  of  the  Highlands  to  the  east  and  south  is  overspread  by  a  continua- 
tion of  these  same  rocks.  By  numerous  anticlinal  and  synclinal  foldings 
quartzites  and  limestones  are  brought  to  the  surface,  but  are  almost  always 
more  crystalline  than  the  rocks  of  the  north-west  The  crystalline  condi- 
tion, however,  is  by  no  means  uniform.  In  certain  regions  argillaceous 
beds  occur  which  are  rather  shales  than  schists,  so  litUe  have  they  been 
changed.  These  beds  elsewhere  pass  into  spotted  schists  and  andulusite- 
schists.  The  limestones  often  occur,  as  they  do  in  Sutherlandshire,  in 
Msocialion  with  white  quartzites ;  sometimes  they  are  grey,  granuUr,  and 
finely  crystalline,  sometimes  they  appear  as  white  marble  containing 
garnet,  idocrase,  tremolite,  zoisite,  and  many  other  silicates.  The  alter^ 
tion  has  thus  been  remarkably  unequal  over  the  whole  region,  and  has 
reached  the  maximum  development  sporadically,  particularly  where  the 
strata  exhibit  proofs  of  intense  crumpling.  It  is  deserving  of  remark 
that  the  rocks  along  the  southern  margin  of  the  Highlands  are  for  the 
most  part  comparatively  little  altered,  and  that  they  dip  towards  the 
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mountains,  becoming  more  highly  foliated  and  crystalline  as  they  recede 
from  the  lowlands. 

Numerous  bosses  of  granite  and  porphyries  occur  among  the 
cr^talline  schists.  But  the  metamoiphism  is  not  specially  connected 
with  their  protrusion,  though  usually  in  their  vicinity  the  schists  attain 
a  more  largely  crystalline  condition.  Here  and  there,  indeed,  a  gradation . 
can  be  traced  through  gneiss  into  granite.  This  is  more  particularly 
observable  in  districts  where  veins,  whether  ofintrusion  or  of  segregation, 
are  abundant.  Bemarkable  examples  may  be  observed  in  Eastern 
Sutherland  (^Lairc),  and  on  the  coast-line  south  of  Aberdeen,  where  the 
gneiss  loses  its  schistose  structure,  and  passes  into  granite,  which  lies  in 
beds  intercalated  in  the  gneiss,  and  in  which  may  be  seen  scattered 
patches  of  gneiss  still  retaining  foliation.  On  the  other  hand,  some  of 
the  masses  of  granite  assume  here  and  there  a  perfectly  gneissoee  structure, 
as  at  the  large  granite  quarries  near  Aberdeen,  where  this  structure  may 
be  specially  observed  in  connection  with  se^egation  veins  (Fift,  284). 

In  the  Scottish  Highlands,  therefore,  it  can  be  proved  uiat  rocks 
containing  Lower  Silurian  fossils  are  overlaid  by  thousands  of  feet 
of  crystalline  scldsts,  quartzites,  and  limestones.  That  these  overlying 
masses  are  not  original  chemical  precipitates  may  be  concluded  on  the 
following  grounds.  1st,  They  demonstrably  overlie  fossiliferous  Lower 
Silurian  rocks.  Strata  of  corresponding  geological  age  occur  to  a  depth 
of  many  thousand  feet  in  the  South  of  Scotland,  within  sight  of  the 
crystalline  rocks  of  the  Highlands.  It  cannot  be  supposed  that  on  the 
same  sea-floor,  and  within  the  same  limited  area,  mechanical  sediments 
alone  accumulated  in  one  tract,  while  only  a  few  miles  distant  chemical 
precipitates — gneisses,  gametiferous  schists,  &c, — were  laid  down,  in  each 
case  to  a  depth  of  thousands  of  feet.  2nd,  The  crystalline  schists  of  the 
Highlands  in  their  less  altered  parts  present  the  closest  resemblance  to 
the  ordinaiy  greywackes,  grits,  and  shales  of  the  Lower  Silurian  series 
of  the  South  of  Scotland.  Moreover,  the  altered  rocks  round  the  granite 
bosses  in  this  latter  area  cannot  be  distinguished  from  similar  rocks  in  the 
regional  metamorphic  area  of  the  Highlands.  3rd,  Throughout  all  parts 
of  the  Highland  region  traces  of  an  original  fragmental  or  clastic  origin 
can  be  detected  among  the  schistose  rocks.  Zones  of  fine  grit  full  of 
well-rounded  fragments  of  quartz,  felspar,  or  other  ingredient  abound 
among  the  schists.  Bands  of  coarse  conglomerate  likewise  occur  on 
different  horizons,  the  pebbles  (granite,  gneiss,  &o.)  being  enveloped  in  a 
schistose  matrix.  Microscopic  investigation  likewise  reveals,  even  among 
the  crystalline  mica-schists,  traces  of  the  original  water-worn  granules  of 
quartz  in  the  sandy  mud  out  of  which  the  rocks  have  been  formed. 
The  conclusion  is  thus  reached  that  in  the  Highlands  of  Scotland  there  is 
a  mass  of  rocks  originally  composed  mainly  of  ordinaiy  mechanical 
sediments  which  have  assumed  in  various  degrees  a  crystalline  condition 
over  a  region  which,  including  the  noHh  of  Ireland,  must  cover  more  than 
20,000  square  miles. 

Green  Mountains  of  New  England. — ^In  this  region  a  similar 
series  of  changes  has  been  effected.  The  Lower  Silurian  strata,  which 
to  the  north  in  Vermont  are  comparatively  little  changed,  become  increas- 
ingly altered  as  they  are  traced  southwards  into  New  York  island. 
They  are  thrown  into  sharp  folds,  and  even  inverted,  the  direction  of 
plication  being  generally  N.I^.E.  and  S.S.W.     This  disturbance  has  been 
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acoompanied  by  a  marked  crystaUization.  The  limeBtones  have  become 
marbles,  the  sandy  beds  quartzites,  and  the  other  strata  have  assumed  the 
character  of  slate,  mica-schist,  chlorite-schist,  and  gneiss,  among  which 
homblendio,  angitic,  hypersthenic,  and  ohrysolitio  zones  occur.  The 
geological  horizon  of  these  rocks  is  shown  by  the  discovery  in  them  at 
varioQS  loccJities  of  fossils  belonging  to  the  Trenton  and  Hudson  Biver 
subdivision  of  the  Lower  Silurian  system  of  eastern  North  America. 
The  rooks  have  been  ridged  up  and  altered  along  a  belt  of  country  lying 
to  the  east  of  the  Hudson  and  extending  north  into  Canada.^ 

Other  examples  miffht  bo  cited.  A  long  belt  of  regional  metamor- 
phism  extends  through  the  Ardennes,  and  instructive  areas  occur  in 
the  Harz  and  in  Greece.  Some  parts  of  the  Triassic  formations  of  the 
Sierra  Nevada  of  Western  North  America  have  been  found  by  Whitney 
in  the  condition  of  serpentine  and  mica-schist;  while  on  the  Coast  Bange 
of  California  he  has  met  with  similar  metamorphism  of  the  Cretaceous 
series.  It  is  probable  that  such  alterations  have  repeatedly  occurred  in 
successive  geological  periods  over  the  surface  of  the  globe. 

From  the  evidence  of  such  examples,  the  conclusion  may  be  drawn 
that  there  are  extensive  regions  where  ordinary  sedimentary  strata 
have  been  plicated,  crumpled,  and  foliated,  so  as  to  assume  the 
character  of  true  crystalline  sclusts.  This  change  is  precisely  similar 
in  its  stages  to  that  which  may  be  traced  in  local  metamorphism 
round  bosses  of  granite.  It  is  connected  with,  and  ])roportionaI  to, 
mechaniccd  disturbance  of  the  strata.  It  is  uneoual  in  extent,  even 
over  limited  ^reas,  being  apt  to  attain  sporadically  a  maximum 
development,  particularly  in  the  areas  of  greatest  plication.  Even 
in  the  midst  of  the  metamorphosed  tracts,  bands  of  comparatively 
unchanged  rock  may  be  traced,  the  true  clastic  origin  of  which 
cannot  be  disputed.  The  process  was  not  everywhere  uniform,  partly, 
no  doubt,  because  of  the  varying  composition  of  the  rocks  subjected 
to  its  operation,  and  partly  becituse  it  really  was  more  actively 
induced  in  areas  of  greater  aisturbance. 

From  the  evidence  furnished  by  local  metamorphism,  there  can 
be  little  hesitation  in  regarding  the  bedding  of  the  crystalline  rocks 
in  a  tract  of  regional  metamorphism  as  generally  representing 
original  layers  of  deposit.  In  some  cases,  however,  the  foliation  may 
represent  cleavage,  as  pK)inted  out  by  Sedgwick  and  Darwin.  So  fiE^r, 
indeed,  as  a  rock  continued  homogeneous  in  chemical  composition 
and  general  texture,  foliation  might  be  induced  along  any  dominant 
divisional  planes.  If  these  planes  were  those  of  cleavage,  the  resultant 
foliation  might  not  appreciably  differ  from  cleft vage  along  original 
bedding  planes.  But  it  may  be  doubted  whether  a  cleavage  foliation 
could  run  without  sensible  and  even  very  serious  interruptions  over 
wide  areas.    For,  in  the  first  place,  in  most  large  masses  of  sedimen- 

^  See  Dana,  Amer.  Jowm.  8c%,  ziiL  xiy.  xyii.  The  identifloatiom  of  the  so-called 
Taoonio  sohiata  of  New  England  with  altered  Lower  Silurian  rocks  lias  been  called  in 
qneetion  bj  Sterry  Hunt,  but  the  stratigraphical  evidence  collected  by  A.  Wing,  Dana, 
and  others,  and  the  testimony  of  the  fossils  collected  by  Dana,  Dwight,  Sm^  have 
snstained  it.  In  the  Punjab  a  series  of  gneisses  and  schists  overlies  infiia-TriasBic  rocks. 
Wynne,  Oeog.  Mag.  1880,  p.  814. 
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tary  matter  we  encounter  alternations  of  different  kinds  of  sediment, 
which  could  not  but  produce  distinct  kinds  of  rock  under  the  influence 
of  metamorphio  change.  In  the  second  place,  cleavage  depends  for 
its  perfection  and  continmt^  on  the  fineness  of  grain  of  the  rock 
through  which  it  runs.  While  exceedingly  perfect  in  a  mass  of 
argillaceous  strata,  it  becomes  feebler  or  even  dies  out  in  a  coarse 
sandy  or  gritty  rock.  Hence,  where  foliation  coincides  with  cleavage 
over  large  tracts,  there  will  almost  certainly  be  bands,  more  or  less 
distinct,  coincident  with  the  original  stratification,  and  running* 
oblique  to  the  general  foliation,  like  bedding  and  cleavage,  save 
where  these  two  kinds  of  structure  may  happen  to  coalesce. 

In  a  region  of  intense  metamorphism  the  foliation  of  the  schists 
becomes  here  and  there  somewhat  indefinite,  until,  disappearing 
altogether,  it  gives  place  to  a  thoroughljr  granitic  character.  JBetween 
gneiss  and  granite  tnere  is  no  difference  in  mineralogical  composition ; 
m  the  one  rock  the  minerals  are  arranged  in  folia,  in  the  other  they 
have  no  definite  arrangement.  Gneiss  might  be  called  a  foliated 
granite;  granite  might  be  termed  a  non-foliated  gneiss,  and, 
indeed,  the  two  rocks  may  sometimes  be  observed  to  graduate  ii^to 
each  other.  It  has  been  naturally  concluded  that  such  granite  is  the 
ultimate  stage  of  metamorphism. 

There  is  thus  nothing  improbable  in  the  idea  that  the  same 
mineral  particles  may  have  gone  through  many  successive  cycles  of 
change.    We  may  suppose  them  to  have  been  originally  part  of  a 
granite  mass,  and  to  nave  been  subsequently  exposed  at  the  surface 
by  enormous  denudation.    Worn  away  from  their  parent  granite  they 
would  be  washed  down  with  other  particles,  and  spread  out  under 
water  as  parts  of  sandy  or  muddy  deposits.    Buried  under  a  graduid 
accumulation  of  sedimentary  material  thousands  of  feet  in  thickness, 
they  might  be  depressed  deep  beneath  the  8ur£Etce,  and  be  thus 
brought  within  the  infiuence  of  metamor{)hism.     Gmdually  recom- 
posed,  crystallized,  and  converted  into  schistose  rock,  they  might  be 
eventually  reduced  to  a  soft  or  pasty  condition  and  protruded  into 
some  of  the  overlying  less  metamorphosed  masses  in  the  form  of 
granite  veins.     Or  we  may  conceive,  that  a  communication  was 
opened  between  the  granite  thus  produced  and  the  surface,  and  that 
tne  original  mineral  particles,  whose  vicissitudes  we  have  been  tracing, 
were  finally  erupted  to  the  surface  as  part  of  a  stream  of  lava  (p.  545). 
Possible  Metamorphism  of  Igneous  Bocks. — Inmost 
large  tracts  of  foliated  rocks  there  occur  masses  less  distinctly 
foliated  or  quite  granitoid  in  texture,  formed  mainly  of  hornblende 
or  of  that  mineral  in  combination  with  others.    Zones  or  bosses  of 
hornblende-rock  and  hornblende-schist  frequently  appear  among 
gneiss  and  micaH9chist.     Varieties  of  auartz-porphyry  occur  in  a 
similar  way.    Bands  of  fine  unctuous  chloritic  or  hydro-mica  schists 
may  also  often  be  traced.    It  is  not  easy  to  understand  how  such 
rocKs,  at  least  those  containing  a  lar^e  percentage  of  magnesia, 
could  be  produced  by  the  metamorphism  of  ordinary  secSment, 
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unless  we  conceiye  the  sediment  to  have  been  of  the  nature  of  the 
magnesian  clays  (sepiolites)  of  the  Paris  basin.  It  is  possible,  bow- 
ever,  that  some  of  these  magnesian  rocks  were  originally  of  igneous 
origin,  either  erupted  at  the  surface  or  intrusively  injected  amon^ 
the  surrounding  rocks  previous  to  metamorphism.  Such  minend 
masses  as  varieties  of  syenite  and  diorite,  rich  m  hornblende  or  other 
magnesian  silicates,  might  have  been  the  origin  of  many  of  the  rocks 
here  referred  to.  Fine  schists  consisting  mainly  of  h^^drous  mag* 
nesian  silicates  may  have  been  at  first  tuffs  associated  with  the  laya- 
form  masses. 

§  IV. — The  Archaean  Crystalline  Schists. 

We  now  finallv  advance  to  the  consideration  of  those  schistose 
rocks  which  underlie  the  oldest  fossiliferous  and  sedimentary 
formations.  On  the  whole  they  present  the  closest  resemblance  to 
tracts  of  regional  metamorphosed  rocks,  though,  as  a  rule,  more 
coarsely  crystalline,  containing  more  massive  bands  of  gneiss,  horn- 
blende-rock, &c.,  and  being  more  intricately  veined  with  granite, 
peCTiatite,  and  allied  crystalline  masses.  The  most  natural  i^erence 
to  be  drawn  as  to  their  origin  is  obviously  to  regard  them  as  derived 
from  the  metamorphism  of  ordinary  sedimentary  rocks.  This  c<hi- 
dusion  has  been  adopted  by  the  majority  of  geologists.  The  Arcbae»ui 
crystalline-schists  are  assumed  to  be  of  metamorphic  origin*  and 
indeed  the  phrase  '^  metamorphic  rocks  "  is  often  used  as  a  synonym 
for  these  oldest  crystalline  masses.  But  though  their  close  resem- 
blance to  the  products  of  regional  metamorphism  mav  justify  the 
inference  usually  drawn,  it  does  not  amount  to  a  proof  of  absolute 
identity  of  origin. 

The  diflBcmty  of  explaining  some  of  the  transformations  which  on 
the  theory  of  metamorphism  must  have  taken  place,  has  led  to 
another  explanation.  Some  writers,  justly  repudiating  the  exagger- 
ated views  of  those  who  have  sought  by  metamorphic  (metasomatic) 
processes  to  derive  the  most  utterly  different  rocks  from  each  other 
(for  example,  limestone  from  gneiss  and  granite,  granite  and  gneiss 
from  limestone,  talc  from  granite,  &c),  have  insisted  that  the 
cystalline  schists,  in  common  with  many  pyroxenic  and  homblendio 
rocks  ('diabases,  diorites,  &c.),  as  well  as  masses  in  which  serpentine, 
talc,  cnlorite,  and  epidote  are  prevailing  minerals,  have  been  de- 
posited ''for  the  most  part  as  chemically-formed  sediments  or 
precipitates,  and  that  the  subsequent  changes  have  been  simply 
molecular,  or  at  most  confined  in  certain  case3  to  reactions  between 
the  mingled  elements  of  the  sediments,  with  the  elimination  of 
water  and  carbonic  acid."  To  support  this  view,  it  is  necessary  to 
suppose  that  the  rocks  in  question  were  formed  during  a  period  ot 
the  earth's  history  when  the  ocean  had  a  considerably  different 
relative  proportion  of  mineral  substances  dissolved  in  its  (thai 
probably  much  warmer)  waters ;  they  are  consequently  assigned  to  a 
very  early  geological  period,  anterior  indeed  to  wliat  are  usually 
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termed  the  Pal»ozoio  ages.  It  becomes  farther  needful  to  discredit 
the  belief  that  any  gneiss  or  schist  can  belong  to  one  of  the  later 
stages  of  the  geological  record,  except  doubtfully  and  merely  locally. 
The  more  thorough-going  advocates  of  the  pristine,  **  azoic,"  or 
**eozoic,"  date,  and  original  chemical  deposition  of  the  so-called 
<<  metamorphic"  rocks,  do  not  hesitate  to  take  this  step,  and  endeavour, 
by  ingenious  explanations,  to  show  that  the  majority  of  geologists 
have  mistaken  the  geological  structure  of  the  districts  where  these 
rocks  have  been  supposed  to  be  metamorphosed  equivalents  of  what 
elsewhere  are  Pala^zoic,  Secondary,  or  Tertiary  strata.^  They  even 
go  so  far  as  to  assert  that  by  mere  mineral  characters  the  crystalline 
rocks  of  contemporaneous  periods  can  be  identified  all  over  the 
world.  They  assume  that  in  the  supposed  chemical  precipitation, 
ihe  same  general  order  has  been  followed  everywhere  over  the  floor 
of  the  ocean.  Consequently  a  few  hand  specimens  of  the  crystalline 
rocks  of  a  country  are  enough  in  their  eves  to  determine  the 
geological  position  of  these  formations.  If  geologists  have  discovered 
that  the  actual  sequence  of  rocks  is  quite  dinerent,  so  much  the 
worse  for  the  geologists. 

In  conclusion,  the  mode  of  origin  of  the  Archaean  crystalline 
schists  is  a  problem  which  cannot  yet  be  satisfactorily  solved.  On 
the  one  hand  it  must  be  conceded  that  during  the  very  ancient 
periods  in  which  they  were  deposited,  the  composition  of  the 
waters  of  the  ocean  may  have  been  very  unlike  what  it  afterwards 
became,  and  there  may  have  been  chemical  precipitates  on  the  sea- 
floor,  such  as  could  not  have  been  formed  in  later  and  cooler  times 
when  life  had  already  appeared  on  the  earth.  On  the  other  hand, 
the  striking  resemblance  m  structure  and  composition  between  the 
crystalline  schists  and  rocks  which  can  be  proved  to  be  the  meta- 
morphosed equivalents  of  ordinary  sedimentary  strata  renders  it 
highly  probable  that  these  ancient  schists,  whatever  the  circumstances 
ot  their  original  formation,  have  undergone  plicatioo,  crumpling,  and 
metamorphism  analogous  to  that  of  younger  formations  in  areas  of 
regioncJ.  metamorphism.' 

Pabt  IX.— Obb  Deposits.* 

Metallio  ores  and  other  minerals  that  are  extracted  for  their 
economic  value  occur  in  certain  well-marked  forms  which  have  been 

>  See  Steny  HqiiVb  Chemical  E$$ayiy  p.  8S2  tq. 

'  Besides  the  >vorks  already  cited  on  Metamorpbism  the  student  may  oonsnlt  the 
foUowing :  Delesse,  Mem.  6avan$  Etrangerty  zvii.  Paris,  1862,  pp.  127-222 ;  Ann.  des 
Mineij  xii.  (1857);  xiii.  (1858);  Danbree,  Ann.  dee  Mines^  5th  series,  zvi  p.  155; 
Bifiohof,  **  Chemical  (Geology,"  chap.  xlviU. ;  J.  Both,  Abhandlungen  Akad.  Berlin,  1871 ; 
1880;  Qfimbel,  •*  Ostbayeiische  Grenxgebirge,"  1868 ;  H.  Credner,  Zeiiach.  Oe$amnU. 
Naiurwite.  xzxiL  (1868),  p.  353 ;  ^.  Jakrh.  1870,  p.  970. 

*  The  following  works  on  ores  and  mining  niay  be  consulted :  B.  Ton  Cotta,  **  Die 
Iiohre  Ton  Erzlagerstatten,"  1859-61;  A.  von  Oroddeck,  ^Die  Lehre  von  den  Lager- 
statten  der  Erze,"  1879 ;  W.  Forster's  "« Treatise  on  a  Section  of  the  Strata  from  Kew- 
oasUe-on-Tyne  to  Oross  FeU ;"  W.  Y^aUace's  *"  Laws  which  regulate  the  deposition  of 
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Tariodsly  classified ;  bat  for  the  purposes  of  the  geological  student 
it  is  most  conyenient  to  consider  them  from  the  point  of  view  of 
geological  structure  and  history.  Thus  arranged,  they  naturally 
group  themselves  into  three  ^reat  series :  let,  those  contempora- 
neously deposited  among  stratified  formations;  2ndy  those  contem- 
poraneously formed  with  the  other  ingredients  of  crystaUine  (massiye 
and  schistose)  rocks ;  drd,  those  subsequently  introduced  by  infiltra- 
tion or  otherwise  into  fissores,  caverns,  or  other  spaces  of  any  kind  of 
rock. 

1.  Contemporaneous  ores  of  stratified  rocks  have  been 
deposited  in  water  together  with  the  sandstones,  limestones,  or  other 
strata  among  which  they  lie.  They  belong  to  the  stratified  type  of 
geological  structure  described  in  rart  I.  (p.  474).  Thev  occur  in 
beds  varying  from  mere  films  up  to  masses  of  great  thickness.  In 
some  cases  tney  retain  the  same  average  thickness  for  long  distances, 
in  others  they  swell  out  or  die  away  rapidly,  or  occur  in  scattered  con- 
cretions. Amon^  the  more  frequent  ores  of  this  &;roup  are  limonite 
and  siderite.  Abundant  examples  are  supplied  by  the  bog-iron  de- 
posits now  forming,  and  by  the  bands  of  brown-iron  ore,  red-iron  ore, 
and  clay-ironstone  associated  with  Carboniferous  and  other  formations. 
Occasionally  the  ore  has  been  finely  disseminated  through  the  strata 
at  the  time  of  their  deposit,  as  in  the  cupriferous  slates  of  the  Grerman 
Zechstein.  Organic  remains  are  commonly  associated  with  ores  of 
this  type  {antey  -p.  174). 

2.  Contemporaneous  ores  of  crystalline  rocks  are  ex- 
emplified by  the  oeds  of  iron-ore,  pyrites,  &c.,  that  so  frequently  occur 


intercalcated  among  the  crystalline  schists  (ante,  pp.  118,  569). 
They  lie  as  massive  sheets  or  thin  partings,  and  usually  present  a 
conspicuously  lenticular  character.  That  they  were  formed  con- 
temporaneously with  the  layers  of  quartz,  mica,  felspar,  hornblende, 
or  other  minerals  among  which  they  lie,  may  usually  be  inferred  with 
considerable  certainty,  though  cases  not  infrequently  arise  where  it 
is  difiBcult  or  impossible  to  draw  any  line  between  this  type  and  that 
of  true  subsequently-formed  veins.  Besides  these  lenticular  ores  of 
the  crystalline  schists,  the  massive  rocks  also  contain  contempora- 
neously crystallized  ores.  The  difiused  map;netite  and  titaniferous 
iron  of  the  basalts,  diabases,  &c.,  are  familiar  illustrations.  Large 
included  masses  of  these  and  other  ores  are  sometimes  available  for 
mmmg  (ante,  pp.  64, 145,  147). 

3.  Subsequently  introduced  ores  are  distinguished  by  the 
contrast  between  their  contents  and  structure  and  those  of  the  Mcks 
through  which  they  pass.  They  have  been  deposited,  mibd^ueiit  to 
the  consolidation  of  these  rooks,  in  cavities  previously  opened  for 


Lead  Ores,*'  1B61.  Numerous  valuable  pt^ipen  bj  the  late  i,  ^,  Henwood  and  oth^n 
are  io  be  Jfbund  in  ine  Trans.  Bay.  OeoL  Soe.  CornwalL  It  is  understood  that  a  sjste- 
matic  English  treatise  on  the  subject  may  oe  expected  from  Mr.  J.  A.  Phillips  and 
Mr.  fi.  Bauerman. 
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their  jeception.  In  certain  rocks  (limestones,  dolomites,  &c.)  intricate 
channels  and  larj?e  irregular  caverns  have  been  dissolved  out  by  the 
solvent  action  of  underground  water;  in  other  cases  fissures  have 
been  formed  by  fracture,  or  the  rocks,  exposed  to  great  compression, 
have  been  pucKered  up  or  torn  asunder,  so  that  irregular  spaces  have 
been  opened  in  them.  Metallic  ores  and  crystalline  minerals  intro- 
duced Dj  infiltration,  sublimation  or  otherwise,  into  the  cavities 
formed  in  any  of  these  ways,  mav  be  grouped  according  to  the  shape 
of  the  cavity  into  veins  or  lodes,  which  have  filled  up  vertical  or 
highly  inclined  fissures,  and  stocks  which  are  indefinite  aggregations 
often  found  occupying  the  place  of  subterranean  cavities. 

The  first  two  types  of  ore-deposits  do  not  require  special  treat- 
ment here.  The  stratified  type  has  the  usual  character  of  sedi- 
mentary formations  (Book  IV.  tart  I.) ;  the  crystalline  type  forms 
part  of  the  structure  of  schistose  and  massive  rocks  (Book  U.  Part  11^ 
I  vi  2  and  3) ;  the  third  type,  however,  from  its  economic  importance 
and  its  geological  interest,  merits  some  more  detailed  notice. 

§  1.  Mineral  Veins  or  Lodes. 

A  mineral  vein  consists  of  one  or  more  minerals  deposited  within 
a  fissure  of  the  earth's  crust.  Such  fissures  being  usually  highly 
inclined  or  vertical,  so  also  are  mineral  veins.  Cases  occur,  however, 
among  crystalline  massive  rocks,  and  still  more  frequently  among 
limestones,  where  the  introduction  of  mineral  matter  has  taKen  place 
along  gently  inclined  or  even  horizontal  planes,  such  as  those  of 
stratification,  and  the  veins  then  look  like  interstratified  beds. 
Mineral  veins  are  composed  of  masses  or  layers  of  simple  minerals  or 
metallic  ores  alternating,  or  more  irregularly  intermingled  with  each 
other,  distinct  from  the  surrounding  rock,  and  evidently  the  result 
of  separate  deposition.  They  are  in  no  respect  to  be  confounded 
with  veins  of  rock  injected  in  a  molten  condition  from  below,  or  se- 
gregated from  a  surrounding  pasty  magma  into  cracks  in  its  mass. 

Variations  in  breadth. — ^Mineral  veins  vary  in  breadth  from  a 
mere  paper-like  film  up  to  a  great  wall  of  rocK  160  feet  wide  or 
more.  The  simplest  kinds  are  the  threads  or  strmgs  of  calcite  and 
quartz  so  frequentlv  to  be  observed  among  the  more  ancient  and 
especially  more  or  less  altered  rocks;  These  may  be  seen  running 
in  parallel  lines  or  branching  into  an  intricate  Network,  sometimes 
uliiting  into  thick  branch^  and  agaiii  rapidly  thinning  away.  Con- 
did^tabl^  vatiatibng  iti  bridadth  may  be  traced  in  the  same  vein. 
These  may  be  accounted  toit  either  as  due  to  uhequal  solution  and 
removal  of  the  walls  of  tt  fissure,  as  in  th^  action  of  permeating; 
water  upon  ^  Calbareous  rock ;  ot  to  the  irregular  opening  of  a  ren^ 
blr  to  k  shift  of  the  w^l^  of  k  dihuou^  oi*  irregularly  de&ed  fissure. 
I^  the  last-named  cbA^  the  vein  in&j  be  strikingly  unequal  in 
breath,  h^re  and  there  nearly  disappiaaring  bv  the  convergence  of 
the  walls  (tnd  theh  rapidly  swelling  but  and  again  diminishing. 
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How  simply  this  irregularity  may  be  accomited  for,  will  be  readily 
perceived  by  merely  copyino;  the  line  of  such  an  uneven  fissure  (m 
tracing  paper  and  shifting  the  tracing  along  the  line  of  the  originaL 
If,  for  example,  the  fissure  be  assumed  to  have  the  form  shown  at  a  6, 
in  the  first  line  (Fig.  301),  a  slight  shifting  of  one  side  to  the  right,  as 


Pig.  801.— WmKONO  of  a  Pmsube  by  relativk  SHnrmfo  of  its  SmE   (J?.). 

at  a'  h\  in  the  second  line  will  allow  the  two  opposite  walls  to  touch  at 
only  the  points  o  o,  while  open  spaces  will  be  left  ^ieed.  A  moyement 
to  the  same  extent  in  the  reverse  direction  would  give  rise  to  a  more 
continuously  open  fissure  as  in  the  third  line.  That  shiftings  of 
this  nature  have  occurred  to  an  enormous  extent  in  the  fissures  filled 
with  mineral  veins  is  shown  by  the  abundant  slickensides  (p.  504). 
The  polished  and  striated  walls  have  been  coated  with  mineral 
matter,  which  has  subsequently  been  similarly  polished  and  grooyed 
by  a  renewal  of  the  slipping. 

Stmcture    and   Contents. — A    mineral    vein  may  be  either 
simple,  that  is,  consisting  entirely  of  one  mineral,  or  compound. 


Fig.  802.— SionoN  of  a  Fimubs  nbablt  filled  with  onb  Wxwajd,  (fi  e\ 

BUT  WFTH  A  FORTIOK  OF  TEM  FlBBUIUB  (a  6)  8TILL  OPEN  (A). 

consisting  of  several,  and  may  or  may  not  be  metalliferous.  The 
minerals  are  usually  crystalline,  but  layers  or  irregular  patches  of 
soft  decomposed  earth,  clay,  &c.,  frequently  accompany  them.  The 
non-metalliferous  minerals  are  known  as  veinstones,  the  moie 
crystalline  being  often  also  popularly  classed  as  spars.  The  metd- 
bearing  minerals  are  known  as  ores.  The  commonest  veinstones 
are  quartz,  calcite,  barvtes,  and  fluorite.  The  ores  are  sometimes 
native  metals,  especially  in  the  case  of  copper  and  gold;  but  for 
the  most)  part  are  oxides,  silicates,  carbonates,  sulphides,  chlorides, 
or  other  combinations.  Of  the  manner  in  which  the  contents  of  a 
mineral  vein  are  disposed,  the  following  are  the  chief  varieties. 
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(1.)  M  a  s  8  i  V  e. — Showing  no  definite  arrangement  of  the  contents. 
This  structure  is  especially  characteristic  of  veins  consisting  of  a 
single  mineral,  as  of  calcite,  quartz,  or  barytes.  Some  metalhferous 
ores  (pyrites,  limonite)  likewise  assume  it. 

(2.)  Banded,  or  in  parallel  (and  usually  duplicated)  layers. 
In  this  common  arrangement,  each  cheek  (a  a,  Fig.  303)  may  bo 
coated  with  a  layer  of  the  same  material  (b  i),  followed  on  the  inside 


Fio.  SOS.— Seotiok  of  Mjkeral  Vedt  yrrm  snaoETBioAL  Disposmoir  or 
Duplicate  Latxbs. 

by  another  layer,  e  o,  and  so  on  to  the  centre,  where  the  two  opposite 
walls  are  finally  united  by  the  last  zone  of  deposit  (i).  Even  where 
each  half  of  the  vein  is  not  strictly  a  duplicate  of  the  other,  the 
same  parallelism  of  distinct  layers  may  be  traced. 

(3.)  Brecciated,  containing  angular  fragments  of  the  sur- 
rounding rock  (or  "  country,")  cemented  in  a  matrix  of  yeinstones  or 
ores.  It  may  often  be  observed  that  these  fragments  are  completely 
enclosed  within  the  matrix  of  the  vein,  which  must  have  been 
partially  open  and  the  matrix  still  in  course  of  deposit  when  they 
were  detached  from  the  parent  rock. 

(4.)  Drusy,  containing  or  made  up  of  cavities  lined  with  crystal- 
line minerals.  The  central  parts  of  veins  frequently  present  this 
structure,  particularly  where  me  minerals  have  been  deposited  from 
each  side  towards  the  middle. 

(5.)  Filamentous,  having  the  minerals  disposed  in  thread- 
like veins ;  this  is  one  of  the  commonest  structures. 

Metallic  ores  occur  under  a  variety  of  forms  in  mineral  veins. 
Sometimes  they  are  disseminated  in  minute  grains  or  fine  threads 
(gold,  pyrites),  or  gathered  into  irregular  strings,  branches,  bunches,  or 
leaf-like  expansions  (native  copper^,  or  disposed  in  layers  alternating 
with  the  veinstones  parallel  with  tne  walls  of  the  vein  Tmost  metallic 
ores),  or  forming  the  whole  of  the  vein  (pyrites,  and  occasionally 
galena),  or  lining  drusy  cavities,  both  On  a  small  scale  and  in  large 
chambers  (haematite,  galena^.  Some  ores  are  frequently  found  in 
association  (galena  and  blende),  or  are  noted  for  containing  minute 
proportions  of  another  metal  (argentiferous  galena,  auriferous 
pyrites). 

Suooessive  in-flUing  of  veins. — The  symmetrical  disposition 

2  Q 
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repreBented  in  Fig.  303  shows  that  the  fissure  had  its  two  walls 
coated  first  with  the  layers  b  I.  Thereafter  the  still  open  or 
subsequently  widened  cleft  received  a  second  layer  (c  e)  on  each  face, 
and  so  on  progressively  until  the  whole  was  filled  up  or  until  only 
cavernous  spaces  (druses)  lined  with  crystals  were  left.  In  such 
cases  no  evidence  exists  of  any  terrestrial  movement  during  the 
process  of  successive  depositiou.  The&sure  may  have  been  origin- 
ally as  wide  as  the  present  vein  or  may  have  been  widened  during 
the  accumulation  of  mineral  matter  so  gradually  aud  gently  as  not 
to  disturb  the  gathering  layers.  But  in  many  instances,  as  above 
stated,  proofs  remain,  of  a  series  of  disturbances  whereby  the 
formation  of  the  vein  was  accelerated  or  interrupted.  Thus  at  the 
Wheal  Julia  lode,  Cornwall,  the  central  zone  {e  in  Fig.  304)  is 

/ 


Fio.  804.— Section  of  Whkal  Julia  Lode,  Ck)BNWALL,  showing  iiyb  suocBaBiTs 

OPENINOfl  OF  THE  SAME  FISSURE  (P.). 

a//,  Ck)pper-p7iite8  and  Blende ;  hdB^h,  t.  Quartz  in  crystals  pointing  inwards ; 
e,  clay ;  g,  empty  space. 

formed  of  quartz-crystals  pointing  as  usual  from  the  sides  towaids 
the  centre  of  the  vein,  but  it  is  only  one  of  five  similar  zones,  each  of 
which  marks  an  opening  of  the  fissure  and  the  subseouent  closing  of 
it  b^  a  deposit  of  mineral  matter  along  the  walls.^  The  occurrence 
of  difierent  layers  on  the  two  walls  of  a  vein  mav  sometimes  indicate 
successive  openings  of  the  fissure.    In  Fig.  305  the  fissure  at  one  time 

12  8 

a    a    h    e  d 

Fio.  805.— 8E(mo9  of  pabt  of  a  Lode,  Godolpbin  Bsidob,  Cornwall  (£.). 

o.  Quartz  coating  cheek  of  vein ;  h,  Qnarti  Crystals  pointing  inward ;  c^  AgatHbtm 
SiUca ;  d,  thick  layer  of  Copper-pyritee. 

no  doubt  extended  no  farther  than  between  1  and  2.     Whether 

the  band  of  copper  pyrites  had  already  filled  up  the  fissure  previous 

>  De  la  BBche,  OeoH.  Oh$.  p.  698. 
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to  the  openiDg  which  allowed  the  deposit  of  the  silica,  or  was 
introduced  into  a  fissure  opened  between  2  and  3  after  the  deposit 
of  the  silica,  is  uncertain.^ 

^  The  occurrence  of  rounded  pebbles  of  slate,  quartz,  and  granite 
in  the  lodes  of  Cornwall  at  depths  of  600  feet  from  the  surmce,  of 
gneiss  in  the  vein  at  Joachimsthal  at  1150  feet,  and  of  Liassic  land 
and  fresh-water  shells  at  270  feet  in  veins  traversing  the  Carboni- 
ferous Limestone  of  the  Mendip  Hills  and  South  Wales,  seems  to 
indicate  that  fissures  may  remain  sufficiently  open  to  allow  of  the 
introduction  of  water-worn  stones  and  terrestrial  organisms  from  the 
surface  even  down  to  considerable  depths.' 

Conneotioa  of  veins  with  faults  and  oross  veins. — ^While 
any  divisional  planes  in  rocks  may  serve  as  the  receptacle  of  mineral 
depositions,  the  largest  and  most  continuous  veins  have  for  the  most^ 
part  been  formed  in  lines  of  fault  These  may  be  treicei  sometimes 
in  a  nearly  straight  course  for  many  miles  across  a  country,  and  as 
far  downward  as  mining  operations  have  been  able  to  descend. 
Sometimes  veins  are  themselves  faulted  and  crossed  bv  other  veins. 
Like  ordinary  faults  also,  they  are  apt  to  q)lit  up  at  tneir  termina- 
tions. These  features  are  well  exhibited  in  some  of  the  mining 
districts  of  Cornwall  (Fig.  306). 


Fio.  306.— Plan  of  Whbal  Fobtunb  Lods,  Gobnwall  (P.)* 

2, 1,  m,  lodes,  of  which  the  main  one  splits  np  towAids  east  and  west,  traversii^  elyan 

dykes,  e  e,  but  out  by  faults  or  oross  oonrsesi  d  d.    Scale  one  inch  to  a  mile. 

The  intersections  of  mineral  veins  do  not  always  at  once  betray 
which  is  the  older  series.  If  a  vein  has  really  been  shifted  by 
another,  it  must  of  course  be  older  than  the  latter.  But  the  evidence 
of  displacement  may  be  deceptive.  In  such  a  section  as  that  in 
Fig.  307,  for  example,  a  cursory  examination  mi^ht  suggest  the 
inference  that  the  vein  d  e  must  be  later  than  the  dyke  or  vein  a  t 
by  which  its  course  appears  to  have  been  shifted.  Should  more 
carefol  scrutiny,  however,  lead  to  the  detection  of  the  vein  crossing 
the  supposed  later  mass  at  e,  it  would  be  clear  that  this  inference 
must  be  incorrect.'  In  mineral  districts  different  series  or  systems 
of  mineral  veins  can  generally  be  traced,  one  crossing  another, 
belonging  to  different  i)eriod8,  and  not   infrequently  filled  with 

^  De  la  Beohe,  (>p.  eO.  p.  699. 

*  De  la  Beche,  Op.  eit  p.  696.    Moore,  Q.  J.  OecH.  Soe.  xziii.  483 ;  Brit.  Aetoo. 
1869,  p.  860. 

*  De  la  Beche,  Op.  eU.  p.  657. 
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different  ores  and  veinstones.     Li  the  south-west  of  England,  for 
example,  a  series  of  fissures  running  N.  and  S.,  or  N^^.W.  and 


ViQ,  ao?.— D] 


SHIFnNO  OF  A  YkIN  (B.). 


S.S.E.y  trayerses  another  series,  which  runs  in  a  more  east  and  west 
direction  nV.8.W.  to  E.N.E.,  or  W.N.W.  to  E.S.E.).  The  latter  (ec, 
d  d,  Pig.  808)  in  Cornwall  contain  the  chief  copper  and  tin  ores. 


Fio.  80S.— GnnauL  Map  of  Fiasuitas  ix  ths  MnnsEAL  Tbaots  of 
S.W.  England  (JB.). 

while  the  cross-courses  (6  b)  contain  lead  and  iron.  The  east  and 
west  lodes  in  the  west  part  of  the  region  were  formed  before  those 
which  cross  them,  for  tney  are  shifted,  and  their  contents  are  broken 
through  by  the  latter.  To  the  east,  near  Exeter,  the  east  and  west 
faults  a  a  are  later  than  the  New  Red  Sandstone,  and  in  Somerset 
than  the  Lias.^ 

Relation  of  contents  of  veins  to  Burronnding  rock.— It  has 
long  been  familiar  to  miners  that  where  a  vein  traverses  various 
kinds  of  **  country  "  it  is  often  richer  in  ore  when  crossing  or  touching 
some  rocks  than  others.  In  the  north  of  England,  for  example,  the 
galena  is  always  most  abundant  in  the  limestone  and  scarcest  in  the 
6hale,  the  veins  in  the  Great  Limestone  (150  feet  thick  or  less) 
having  produced  as  much  lead  as  all  the  rest  of  a  mass  of  2000  feet 
of  strata  put  together.    In  Cornwall  and  Devon  it  has  been  observed 

1  Dek  Beohe,  C>p.  eO.  p.  659. 
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that  some  lodes  yield  tin  where  they  cross  granite,  and  copper  where 
they  traverse  slate ;  the  same  lode,  as  at  Botallack,  may  cross  three 
times  from  the  one  rock  into  the  other,  and  each  time  the  same  change 
of  metallic  contents  takes  place.  Some  of  the  lodes  which  are  poor 
iQ  ore  in  the  slate  become  rich  as  they  cross  an  elvan  (Fig.  309),  or. 


Fig.  3Q9.— Plan  op  Elvan  Dyke  (a  6)  tbatbbsed  by  a  hetaluo  Yms  (e  •  f  d). 

WHICH    DIES    OUT    AS    IT    PASSES    UTTO  THE  SXTBBOUNDINO  SlATE,  WhEAL  AlFRKD, 
GVIKEAR  (B,), 

on  the  other  hand,  the  ore  is  so  split  up  into  strings  in  the  elvan,  as 
to  be  much  less  valuable  than  in  the  slate.  Similar  variations  in  the 
nature  or  amount  of  ores  and  veinstones  with  the  character  of  the 
rocks  traversed  by  mineral  veins  have  been  generally  observed  in 
mining  districts,  even  among  the  most  diverse  geological  formations. 
Deoomposition  and  recompositlon  in  mineral  veins. — It  has 
been  noticed  that  the  **  country  "  through  which  mineral  veins  run 
is  often  considerably  decomposed.  In  Cornwall  this  is  freouently 
very  observable  in  the  granite.  Moreover,  in  most  mineral  veins 
there  occur  layers  of  clay,  earth,  or  other  soft  friable  loamy 
substances  to  which  various  mining  names  are  given.  In  the  south- 
west of  England  the  great  majority  of  the  remarkable  minerals  of 
that  district  occur  in  those  parts  of  the  lodes  where  such  soft  earths 
abound.  The  veins  evidently  serve  as  channels  for  the  circulation 
of  water  both  upward  and  downward,  and  to  this  circulation  the 
decay  of  some  bands  into  mere  clay  or  earth,  and  the  recrystallization 
of  part  of  their  ingredients  into  rare  or  interesting  minerals  are  to  be 
ascribed. 

§  2.  Stocks  and  Stock-works.    (Stdcke,  Stockwerke.) 

The  cavernous  spaces  dissolved  out  in  some  rocks,  more  especially 
in  limestones  and  dolomites,  may  be  of  any  indeterminate  shape,  and 
may  be  filled  with  one  or  more  veinstones  or  ores,  either  in  sym- 
metrical zones  following  the  outline  of  walls,  floor,  and  roof,  or  in 
parallel  and  roughly  horizontal  bands  (Fig.  310).  Irregular  metalli- 
ferous masses  of  this  kind  have  long  been  known  in  Germany  bv  the 
name  of  stocks  (Stocke)  when  of  large  size,  smaller  aggregations  being 
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known  as  Butzen  (cones)  and  Nester  (tufts).  The  size  of  these  in- 
definite accumulations  of  ore  varies  from  mere  nests  up  to  masBSB 
800  feet  or  more  in  one  direction  by  200  feet  or  more  in  another. 
Hsematite,  brown  iron-ore,  and  galena  not  infrequently  oocor  in 
this  form  in  limestone,  as  in  the  **  pockets  "  of  hsdmatite  in  the  Car- 
boniferous Limestone  of  Westmoreland.    The  ''gash**  or  "rake" 


Fia.  810.— SBcrnoN  or  Motebal  deposits  ik  Ldcbstonb,  Dsbbtshibb  (B.). 

a  a  a\  Oarboniferous  Limestone  with  interoalated  bed  of  pyroxenio  lava  or  ^  toadstoDe* 
Q}y,hhhh,  joints  trayersing  the  limestone,  %  g^hd^m  c,  veins  travening  all  the 
rooks  and  containing  yeinstones  and  ores ;  /,  spaces  between  the  beds  enlarged  hj 
solution  and  filled  with  minerals  or  ores  (*' flat-works**};  p  p,  large  irregukr 
cavemons  spaces  dissolved  out  of  the  rock  and  filled  with  minerals  and  eras. 

veins  of  galena  in  the  north  of  England  occur  in  vertical  joints 
of  limestone  which  have  been  widened  by  solution,  and  are  some- 
times completely  cut  off  underneath  by  the  floor  of  shale  or  sand- 
stone on  which  the  limestone  lies.  Lenticular  aggregations  of  ore 
and  veinstone  found  in  granite,  as  in  the  south-west  of  England, 
where  they  are  known  as  Carbonas,  cannot  be  due  to  the  iimlling 
of  chambers  dissolved  by  subterranean  solution.  They  are  usually 
connected  with  true  fissure-veins ;  but  their  mode  of  origin  is  not 
well  understood. 

Stock-works  are  portions  of  the  surrounding  rock  or  ^country" 
so  charged  with  veins,  nests,  and  imprejniations  of  ore  that  they  can 
be  worked  as  metalliferous  deposits.  The  tin  stock-works  of  tjom- 
wall  and  Saxony  are  good  examples.  Sometimes  a  succession  of 
such  stock-wor^  may  be  observed  in  the  same  mine.  Among  the 
granites,  elvans,  and  Devonian  slates  of  Cornwall,  tin-ore  has 
segregated  in  rudely  parallel  zones  or  ^floors."  At  Botallack,  at 
the  side  of  ordinary  tin  lodes,  floors  of  tin-ore  from  six  to  twelye 
feet  thick  and  from  ten  to  forty  feet  broad  occur. 

Origin  of  mineral  veins. — Various  theories  have  been  proposed 
to  account  for  the  infilling  of  mineral  veins.  Of  these  the  most  note- 
worthy are — (1)  the  theory  of  lateral  segregation, — which  teaches  that 
the  suDstances  in  the  veins  have  been  derived  from  the  adiacent  rocb 
by  aprocess  of  leaching,  or  solution  and  redeposit;  and  (2)  the  theory 
of  innlling  from  below, — ^according  to  which  the  minerals  and  ores  were 
introduced  dissolved  in  water  or  steam,  or  by  sublimation,  or  by 
igneous  fusion  and  injection. 

The  fact  that  tne  nature  and  amount  of  the  minerals,  and 
especially  of  the  ores,  in  a  vein  so  often  vary  with  the  nature  of  the 
surrounding  rocks  seems  to  show  that  these  rocks  have  had  a  certain 
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inflaence  on  the  precipitation  of  mineral  matter  in  the  fissures  passing 
through  them.  But  that  this  mineral  matter  came  chiefly  from  below 
appears  almost  certain.  The  phenomena  of  the  ascent  of  hot  water 
in  volcanic  districts  afford  a  close  analogy  to  what  has  occurred  in 
mineral  veins.  It  is  known  that  at  the  present  time  various 
minerals^  including  silica,  both  crystalline  andcalcedonic,  and  various 
metallic  sulphides,  are  being  deposited  in  fissures  up  which  hot  water 
rises.^  At  the  same  time  it  is  conceivable  that  to  some  extent  there 
may  be  a  decomposition  of  the  rocks  on  either  side  of  a  fissure,  and 
that  a  portion  of  the  mineral  matter  abstracted  may  be  laid  down  in 
another  form  along  the  walls  of  the  fissure,  or,  on  the  other  hand, 
that  the  rocks  on  either  side  of  the  fissure  may  be  permeated  for 
some  distance  by  the  ascending  waters,  and  that  some  of  the  mineral 
substances  carried  up  in  solution  may  be  deposited  in  the  pores  and 
cavities  of  these  rocks  as  well  as  in  the  fissure  itself.' 

PabtX.  Unconformability. 

Where  one  series  of  rocks,  whether  of  aqueous  or  igneous  ori^n, 
has  been  laid  down  continuously  and  without  disturbance  upon  anotner 
series,  they  are  said  to  be  conformable.  Thus  in  Fig.  311  the  sheets  of 
conglomerate  {b  h)  and  clays  and  shales  (e  d),  have  succeeded  each 
other  in  regular  order,  and  exhibit  a  perfect  conformability.    They 


Fia.  Sll.— IJNCONFOBMABnJTT  AMONG  HORIZOirrAL  StBATA.     LiAS  BESniKO  COS 

Oabbonifeboxjs  LnfEffTONB,  Glamobganshibb  {B,y, 

overlap  each  other,  however,  each  bed  extending  beyond  the  edge  of 
that  below  it.  As  already  explained  (p.  495^,  this  structure  points 
to  a  gradual  subsidence  and  enlargement  oi  the  area  of  deposit 
But  all  these  conformable  beds  repose  against  the  older  platform  a  a, 
with,  which  they  have  no  direct  connection.  That  platform  may 
consist  of  horizontal  or  inclined  clastic  strata,  or  contorted  schists, 
or  eruptive  massive  rocks.  In  any  case  there  is  a  complete  break 
between  it  and  the  overlying  formation,  the  beds  of  which  rest  suc- 

1  See  J.  A.  PhillipB,  Q.  J.  Geci.  Boe,  xxxv.  p.  890. 

'  Henwood,  Addnti  Boy,  Intt.  CormoaU,  1871.  J.  A.  PhUlips,  Fha.  Mag.  Kov. 
1868,  December  1871,  July  1873,  March  1874.  J.  8.  Newberry,  School  of  Mines 
QwirUrly,  New  York,  March  1880.  J.  A.  Church,  *<  The  GomBtook  Lode,**  4to.  New 
York,  1879.  Sterry  Hunt,  "  Chemical  and  Geological  EssayB,"  1875,  p.  188.  Bniugli 
Smyth's  **  Goldfielda  of  Victoria,"  Melbourne,  1869. 
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ceariTely  on  different  parts  of  the  older  mass.  This  relation  is 
termed  an  nnconformability.  The  npner  conformable  beds  (bed) 
are  said  to  lie  nnoonformably  npon  the  lower  (a  a). 

It  is  OTident  that  this  stmctnre  may  occur  in  ordmary  sedi- 
mentary, jgneonSy  or  metamorphic  rockis,  or  between  any  two  of 
these  great  series.  It  is  most  familiarly  displayed  among  clastic 
formations^  and  can  there  be  most  eatisfactonly  studied,  since  the 
lines  of  bedding  famish  a  ready  means  of  detecting  differences  of  in- 
clination and  &cordance  of  superposition.  Bot  even  amon^  igneous 
protrusions  and  in  ancient  metamorphic  masses,  distinct  evidence  of 
nnconformability  is  not  always  difficult  to  trace.  Wherever  one 
series  of  rocks  is  found  to  rest  npon  a  highly  denuded  surhce  of  an 
older  series,  the  junction  is  unconformable.^  Hence,  an  uneven 
irregulaiiy-wom  platform  below  a  succession  of  mutuallv  conform- 
able rocks  is  one  of  the  most  characteristic  features  of  tnis  kind  of 
structure. 

It  has  already  been  pointed  out,  that  though  conformable  rocks 
may  usually  be  presumed  to  have  followed  each  other  continuously 
without  any  great  disturlMmce  of  geographical  conditions,  we  cannot 
always  be  safe  in  such  an  inference.  But  an  uncunformability  leaves 
no  room  to  doubt  that  it  marks  a  decided  break  in  the  continuity  of 
deposit.  Hence  no  kind  of  geological  structure  is  of  higher  import- 
ance i4  the  interpretation  of  Uie  history  of  the  stratified  formations 
of  a  country.  In  rare  cases  an  nnconformability  may  occur  between 
two  horizontal  groups  of  strata.  On  the  left  side  of  Fig.  311,  for 
instance,  the  beds  d  follow  horizontally  npon  the  horizontal  beds  (a). 
Were  merely  a  limited  section  visible  disclosing  only  this  relation  ci 
the  rocks,  the  two  groups  a  and  d  might  be  mistaken  for  conformable 
portions  of  one  continuous  series.  Further  examination,  however, 
would  lead  to  the  detection  of  evidence  that  the  limestone  a  had 
been  upraised  and  unequallv  denuded  before  the  deposition  of  the 
overlying  strata  bed.  This  denudation  would  show  that  the  apparent 
conformability  was  accidental,  that  the  older  rock  had  reallv  been 
upraised  and  worn  down  before  the  formation  of  the  newer,  m  such 
a  case  the  upheaval  must  have  been  so  uniform  over  some  tracts  as 
not  to  disturb  the  horizontality  of  the  lower  strata. 

As  a  rule,  however,  it  selaom  happens  that  movements  of  this 
kind  have  taken  place  over  an  extensive  area  so  equably  as  not  to 
produce  a  want  of  coincidence  somewhere  between  the  older  and 
newer  rocks.  Most  frequently  the  older  formations  have  been  tilted 
at  various  angles,  or  even  placed  on  end.  They  have  likewise  been 
irregularly  and  often  enormouslv  worn  down.  Hence,  instead  of 
lying  parallel,  the  younger  beds  run  transgressively  across  the 
upturned  denuded  ends  of  the  older.  The  greater  the  disturbance  of 
the  older  rocks   the  more   marked  is  the  nnconformability.     In 

'  The  ooouirenoe  of  oonsiderable  contemporaneous  erosion  between  nndonbiedly 
ooDformable  strata  belonging  to  one  continnons  geological  series  has  already  (p.  4S0) 
beea  dMoribed. 
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Fig.  312,  the  lower  series  of  beds  (e)  has  been  upturned  and  denuded 
before  the  deposition  of  the  upper  series  (a  h)  upon  thera.  In  this 
instance  the  upper  worn  surface  of  the  limestones  e  has  been  perforated 
by  boring  molluscs  below  the  sandy  stratum  (J). 


Via.  312. — Uncx)npormabilitt  between  Horizoih'al  and  Inclined  Strata.    Inferior 

OOUTS  (a  b)  RB8TIN0  ON  CARBONIFEHOrS  LIME8TONE  (o),  FrOME,  SOMERSET  (£.). 

An  unconformability  forms  one  of  the  great  breaks  in  the  geo- 
logical record.  In  Fig.  213  (p.  495),  by  way  of  illustration,  we  see 
at  once  that  a  notable  hiatus  in  deposition,  and  therefore  in 
geological  chronology,  must  exist  between  the  older  conformable 
series,  ah  c^  and  the  later  strata  by  which  these  are  covered.  The 
former  had  been  deposited,  folded,  upheaved,  and  worn  down  before 
the  accumulation  of  the  newer  series  upon  their  denuded  edges. 
These  changes  must  have  demanded  a  considerable  lapse  of  time. 
Yet,  looking  merely  at  the  structure  in  itself,  we  have  evidently 
no  means  of  fixing,  even  relatively,  the  length  of  interval  marked 
by  an  unconformability.  By  ascertaining  from  some  other  region 
the  full  suite  of  formations  we  learn  what  members  of  the  succession 
are  wanting.    In  this  way  it  would  be  discovered  that  the  greater 

?irt  of  the  Carboniferous  system,  the  whole  of  the  Permian,  and  the 
rias  up  to  the  base  of  the  Lias  are  absent  from  the  ground  repre- 
sented in  Fig.  311.  The  mere  violence  of  contrast  between  a  set  of 
vertical  beds  below  and  a  horizontal  group  above  is  in  itself  no 
certainly  reliable  criterion  of  the  relative  lapse  of  time  between  their 
deposition,  for  obviously  an  older  portion  of  a  given  formation  might 
be  tilted  on  end  and  be  overlaid  unconformably  by  a  later  part  of 
the  same  formation.  A  set  of  flat  rocks  of  high  geological  antiquity 
may,  on  the  other  hand,  be  conformably  covered  by  a  formation  of 
comparatively  recent  date,  yet  in  spite  of  the  want  of  discordance 
between  the  two,  they  might  have  been  separated  by  a  large  portion 
of  the  total  sum  of  geological  time. 
Further  examination  will  usually  suffice 


to  show  that  the  confonnability  in  such  jfMj^/^ 

cases  is  only  partial  or  accWental,  and    j^^  8i3.-6EenoN  of  Local 

that  localities  may  be  found  where  the       dbceptivb  Conformabiutt. 

formations  are    distinctly   unconform-^ 

able.    From  the  centre  of  the  section  in  Fig.  313,  for  example,  the 

two  groups  of  rocks  might  on  casual  examination  be  pronounced  to 

be  conformable.     Tet  at  short  distances  on  either  side  proofs  of 

violent   unconformability  are  conspicuous.    It  sometimes  happens 
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that  more  than  one  unconformability  may  be  detected  in  the  same 
section.  Thus  in  Fig.  314^  the  break  between  the  quartzite  (q) 
and  Old  Bed  Sandstone  (s)  is  to  the  eye  much  more  yiolent  aAd 
complete  than  that  between  the  sandstone  and  the  overlying  giayek 


Fio.  314. — Double  UxcoNFOBMABiLrrT  at  Cullen,  Bakffshiiub. 
9,  Quartzite ;  «,  Old  Bed  Sandstone ;  d,  Post-Tertiary  Gravels. 

and  clays  (d).  Yet  there  can  be  no  doubt  that  the  interval  separat- 
ing the  epoch  of  the  quartzite  from  that  of  the  sandstone  was  brief 
when  compared  with  the  vast  lapse  of  time  that  intervened  between 
the  nearly  flat  sandstones  and  overlyine  superficial  deposits.  It  is 
by  the  evidence  of  organic  remains  tnat  the  relative  importance 
of  unconformabilities  must  be  measured,  as  will  be  explained  in 
BookV- 

Paramount  though  the  effect  of  an  unconformability  may  be  in 
the  geological  structure  of  a  country,  it  must  nevertheless  be,  when 
viewed  on  the  large  scale,  merely  local.  The  disturbance  by  whidi 
it  was  produced  can  have  affected  but  a  comparatively  circumscribed 
region,  beyond  the  limits  of  which  the  continuity  of  sedimentation 
may  have  been  undisturbed.  We  may  therefore  always  expect  to  be 
able  to  fill  up  the  gaps  in  one  district  or  country  from  the  more 
complete  geological  formations  of  another. 
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BOOK  V. 

PAL^ONTOLOGIOAL  GEOLOGY. 

Pal^:ontologt  treats  of  the  Btructure,  affinitiesy  classification,  and 
distribution  in  time  of  the  forms  of  plant  and  animal  life  imbedded 
in  the  rocks  of  the  earth's  crust.  Considered  from  the  biological 
side  it  is  a  part  of  zoology  and  botany.  A  proper  knowledg^e  of  extinct 
organisms  can  only  be  attained  by  the  study  of  living  K>rms^  while 
our  acq^uaintance  with  the  history  and  structure  of  modem  organisms 
is  amplified  by  the  investigation  of  their  extinct  progenitors.  Viewed, 
on  the  other  hand,  from  the  physical  side,  palaeontology  is  a  branch 
of  geolo^.  It  is  mainly  in  tms  latter  aspect  that  it  will  here  be 
discusse£ 

Palaeontology  or  Palaeontological  geology  deals  with  fossils  or 
organic  remains  preserved  in  natural  deposits,  and  endeavours  to 
gather  from  them  information  as  to  the  history  of  the  globe  and  its 
inhabitants.  The  term  fossil,  meaning  literally  anything  "  dug  up," 
was  formerly  applied  indiscriminately  to  any  mineral  substance 
t£^en  out  of  the  earth's  crusty  whether  organized  or  not.  Ordinary 
minereJs  and  rocks  were  thus  included  as  fossils.  For  many  years, 
however,  the  meaning  of  the  word  has  been  so  restricted  as  to 
include  only  the  remains  or  traces  of  plants  and  animals  preserved  in 
any  natural  formation,  whether  hard  rock  or  loose  superncial  deposit. 
The  idea  of  antiquity  or  relative  date  is  not  necessarily  involved  in 
this  conception  of  the  term.  Thus  the  bones  of  a  sheep  buried  under 
gravel  and  silt  by  a  modern  flood,  and  the  obscure  crystalline 
traces  of  a  coral  in  ancient  masses  of  limestone,  are  equally  fossils. 
Nor  has  the  term  fossil  any  limitation  as  to  organic  grade.  It 
includes  not  merely  the  remains  of  organisms,  but  also  whatever  was 
directly  connected  with  or  produced  by  these  organisms.  Thus 
the  resin  which  was  exudea  from  trees  of  long-perished  forests 
is  as  much  a  fossil  as  any  portion  of  the  stem,  leaves,  flowers,  or 
fruit,  and  in  some  respects  is  even  more  valuable  to  the  geologist 
ihan  more  determinable  remains  of  its  parent  trees,  because  it  has 
often  preserved  in  admirable  perfection  the  insects  which  flitted 
about  m  the  woodlands.  The  burrows  and  trails  of  a  worm  preserved 
in  sandstone  and  shale  claim  recognition  as  fossils,  and  indeed  are 
commonly  the  only  indications  to  be  met  with  of  the  existence  of 
annelide   life   among  old  geological  formations.      The  droppings 
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(coprolites)  of  fishes  and  reptiles  are  excellent  fossils,  and  tell  their 
tale  as  to  the  presence  and  food  of  vertebrate  life  in  ancient  waters. 
The  little  agglutinated  cases  of  the  caddis-worm  remain  as  fossils  in 
formations  from  which  perchance  most  other  traces  of  life  may  have 
passed  away.  Nay,  the  very  handiwork  of  man,  when  preserved  in 
any  natural  manner,  is  entitled  to  rank  among  fossils ;  as  where  his 
flint-implements  have  been  dropped  into  the  prehistoric  gravels  of 
river-valleys,  or  where  his  canoes  have  been  buried  in  the  silt  of 
lake-bottoms. 

The  term  fossil,  moreover,  suffers  no  restriction  as  to  the  condition 
or  state  of  preservation  of  any  organism.  In  some  rare  instances  the 
very  flesh,  skin,  and  hair  of  a  mammal  have  been  preserved  for 
thousands  of  years,  as  in  the  case  of  the  mammoths  entombed  wi  Ain 
the  frozen  mud  cliffs  of  Siberia.  Generally  all  or  most  of  the 
original  animal  matter  has  disappeared,  and  the  organism  has  been 
more  or  less  completely  mineralized  or  petrified.  It  often  happens 
that  the  whole  organism  has  decayed,  and  a  mere  cast  in  amorphous 
mineral  matter,  as  sand,  clay,  ironstone,  silica,  or  limestone,  remains ; 
yet  all  these  variations  must  be  comprised  in  the  comprehensive  term 
fossil. 

Two  preliminary  questions  demand  attention :  in  the  first  place 
how  remains  of  plants  and  animals  come  to  be  entombed  in  rocks, 
and  in  the  second  how  they  have  been  preserved  there  so  as  now  to 
be  recognizable. 

i.  Conditions  for  the  entombment  of  organic  remains. — 
If  what  takes  place  at  the  present  day  may  fairly  be  taken  as  an 
indication  of  what  has  been  the  ordinary  condition  of  things  in  the 
geological  past,  there  must  have  been  so  many  chances  against  the 
conservation  of  either  animal  or  plant  remains  that  their  occurrence 
among  stratified  formations  should  be  regarded  as  exceptional,  and 
as  the  result  of  various  fortunate  accidents. 

1.  On  land. — Let  us  consider,  in  the  first  place,  what  chances 
exist  for  the  preservation  of  remains  of  the  present  fauna  and  flora 
of  a  country.  The  surface  of  the  land  may  be  densely  clothed  with 
forest,  and  abundantly  peopled  with  animal  life.  But  the  trees  die 
and  moulder  into  soil.  The  animals,  too,  disappear,  generation  after 
generation,  and  leave  few  perceptible  traces  of  their  existence.  If 
we  were  not  aware  from  authentic  records  that  central  and  northern 
Europe  was  covered  with  vast  forests  at  the  beginning  of  our  era,  how 
could  we  know  this  fact?  What  has  become  of  the  herds  of  wild 
oxen,  the  bears,  wolves,  and  other  denizens  of  the  lowlands  of 
primeval  Europe  ?  How  could  we  prove  from  the  examination  of 
the  soil  of  any  European  country  that  those  creatures  though  now 
extinct  had  once  abounded  there  ?  We  might  search  in  vain  for 
any  such  superficial  traces,  and  should  learn  by  so  doing  that  the  law 
of  nature  is  everywhere  "  dust  to  dust." 

The  conditions  for  the  preservation  of  relics  of  terrestrial  (includ- 
;  freshwater)  plant  and  animal  life  must  therefoi-e  be  always  local, 
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and,  80  to  say,  exceptional.  They  are  supplied  only  where  organic 
remains  can  be  protected  from  air  and  superficial  decay.  Hence 
they  may  be  observed  in 

a.  Lakes. — Over  the  floor  of  a  lake  deposits  of  silt,  peat,  marl, 
&c.,  are  formed.  Into  these  the  trunks,  branches,  leaves,  flowers, 
fruits,  or  seeds  of  plants  from  the  neighbouring  land  may  be  carried, 
together  with  the  bodies  of  vertebrates,  birds,  and  insects.  An 
occasional  storm  may  blow  the  lighter  debris  of  the  woodlands  into 
the  water.  Such  portions  of  the  wreck  as  are  not  washed  ashore 
again  may  sink  to  the  bottom,  where  they  will  for  the  most  part 
probably  rot  away,  so  that,  in  the  end,  only  a  very  small  fraction 
of  the  whole  vegetable  matter  cast  over  the  lake  by  the  wind  is 
covered  up  and  preserved  at  the  bottom.  In  like  manner  the  remains 
of  volant  and  wild  animals  swept  by  winds  or  by  river  floods  into 
the  lake  run  so  many  risks  of  dissolution  that  only  a  proportion  of 
them,  and  probably  merely  a  small  proportion,  would  be  preserved. 
When  we  consider  these  chances  ag^amst  the  conservation  of  the 
yegetable  and  animal  life  of  the  land,  we  must  admit  that,  at  the 
best,  lake-bottoms  can  contain  but  a  meagre  and  imperfect  re- 

fresentation  of  the  abundant  life  of  the  adjacent  hills  and  plains, 
lakes,  however,  have  a  distinct  flora  and  fauna  of  their  own.  Their 
aquatic  plants  may  be  entombed  in  the  gathering  deposits  of  the 
bottom.  Their  molluscs,  of  characteristic  types,  sometimes  form,  by 
the  accumulation  of  their  remains,  sheets  of  soft  calcareous  marl 
^p.  463)  in  which  many  of  the  undecayed  shells  are  preserved.  Their 
fishes,  likewise  distinctly  lacustrine,  no  doubt  must  often  be  entombed 
in  the  silt  or  marl. 

J.  Peat-mosses. — ^Wild  animals  yenturing  on  the  more  treacherous 
watery  parts  of  peat-bogs  are  sometimes  engulfed  or  "  laired.**  The 
antiseptic  qualities  of  the  peat  preserve  their  remains  from  decay. 
Hence  from  European  peat-mosses  numerous  remains  of  deer  and 
oxen  have  been  exnumed.  Evidently  the  larger  beasts  of  the  forest 
ought  chiefly  to  be  looked  for  in  these  localities  (p.  460). 

e.  Deltas  at  Biver  Moutlhs. — It  is  obvious  that  to  some  extent 
both  the  flora  and  the  fauna  of  the  land  may  be  buried  among  the 
sand  and  silt  of  deltas  (p.  388).  But  though  occasional  or  frequent 
river-floods  sweep  down  trees,  herbage,  and  the  bodies  of  land 
animals,  the  carcases  so  transported  run  every  risk  of  having  their 
bones  separated  and  dispersed,  or  of  decaying  or  being  otherwise 
destroyed  while  still  afloat,  while  even  if  they  reach  the  bottom  they 
tend  to  dissolution  there  unless  speedily  covered  up  and  protected 
by  fresh  sediment.  Delta  formations  can  scarcely  be  expected  to 
preserve  more  than  a  meagre  outline  of  the  varied  terrestrial  flora 
and  fauna. 

d.  Caverns, — These  are  eminently  adapted  for  the  preservation  of 
the  higher  forms  of  terrestrial  life  (p.  355).  Most  of  our  knowledge 
of  the  prehistoric  mammalian  fauna  of  Europe  is  derived  from  what 
has  been  disinterred  from  hone-caves.     As  these  recesses  lie  for  the 
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most  part  in  limestone  or  in  calcareoos  rodr,  their  floors  are 
commonly  coated  with  stalagmite  from  the  drip  of  the  roof;  and  as 
this  deposit  is  of  great  closeness  and  doralMlity  it  has  ^ectunj 
preserved  whateyer  it  has  covered  or  enveloped.  The  caves  have  in 
many  instances  served  as  dens  wherein  predatory  beasts,  like  the 
hysBna,  cave-lion,  and  cave-bear  slept,  and  into  which  some  (tf  them 
dragged  their  prey.  In  other  cases  they  have  been  merely  holes 
whither  different  animals  crawled  to  die,  or  into  which  tiiey  fell  or 
were  swept  by  inundaticms.  Under  whatever  circamstanoee  the 
ftfiinnila  left  their  remains  in  these  subterranean  retreats,  the  result 
has  been  that  the  bones  have  been  covered  np  and  presored.  StiQ 
we  must  admit  that,  after  all,  only  a  fraction  even  of  the  mATnTn^la  of 
the  time  would  enter  the  caves,  and,  therefore,  that  the  evidence  of 
the  cavern-deposits,  profotmdly  interesting  and  valuable  as  it  is, 
presents  us  with  merely  a  glimpse  of  one  aspect  of  the  life  of  tiie 
uuid« 

6.  Minerat-ymngs. — ^The  deposits  of  mineral  matter  resoltinf 
from  the  evaporation  of  mineral  springs  on  the  surface  of  the  groonS 
serve  as  receptacles  for  occasional  leaves,  land-shells,  insects,  dead 
birds,  small  mammals,  and  other  remains  of  the  plant  and  animal  life 
of  the  land  (pp.  354,  461), 

/.  Voleanic  depo^Us. — Sheets  of  lava  and  showers  of  volcanic  dust 
may  entomb  terrestrial  organisms  (pp.  207,  231).  It  is  obvious^  how- 
ever, that  even  over  the  areas  wherein  volcanoes  occur  and  continue 
active  they  can  only  to  a  verv  limited  extent  entomb  and  preserve 
the  flora  and  fauna  of  the  land. 

2.  In  the  Sea. — In  the  next  place,  if  we  turn  to  the  sea,  we  find 
certainlv  more  favourable  conditions  for  the  preservation  of  organic 
forms,  out  also  many  circumstances  which  operate  against  it. 
While  the  level  of  the  land  remains  stationary,  therecan  be  but  little 
effective  entombment  of  marine  organisms  in  littoral  deposits ;  for 
only  a  limited  accumulation  of  sediment  will  be  formed  until  subsi- 
dence of  tiie  sea-floor  takes  place.  In  the  trifling  beds  of  sand  or 
gravel  thrown  up  on  a  stationary  shore,  only  the  harder  and  more 
durable  forms  of  life,  such  as  gasteropods  and  lamellibranchs,  which 
can  withstand  the  triturating  effects  of  the  beach  waves,  are  likely  to 
remain  uneffaced. 

Below  tide-marks,  along  the  margin  of  land  whence  sediment  is 
derived,  conditions  are  more  &vourable  for  the  preservation  of 
marine  orgamsms.  Sheets  of  sand  and  mud  are  there  laid  down, 
wherein  the  harder  parts  of  many  forms  of  life  mav  be  entombed 
and  protected  from  decay.  But  only  a  small  proportion  of  the  total 
marine  faxma  may  be  expected  to  occur  in  such  deposits.  At 
the  best,  merely  littoral  and  shallow-water  forms  will  occur,  and 
even  of  these  there  can  be  no  considerable  proportion  imbedded 
and  preserved,  save  where  a  sufficientlv  abundant  and  rapid  deposit 
of  sediment  is  combined  with  a  slow  depression  of  the  sea-bottom. 
But  under  the  most  favourable  conditions  they  will  hardly  represent 
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more  than  a  mere  fraction  of  the  whole  assemblage  of  life  in  these 
kixta-terrestrial  parts  of  the  ocean.  In  proportion  to  distance  from 
land  the  rate  of  deposition  of  sediment  on  the  sea-floor  must  become 
feebler,  until  in  tne  remote  central  abysses  it  reaches  a  hardly 
appreciable  minimum,  while  at  the  same  time  the  solution  of 
ca]cai*eous  organisms  by  carbonic  acid  may  become  marked  in  deep 
water.  Except,  therefore,  where  organic  deposits,  such  as  ooze,  are 
forming  in  these  more  pelagic  regions,  the  conditions  must  be  on  the 
whole  unfavourable  for  the  preservation  of  any  adequate  represen- 
tation of  the  deep-sea  fauna.  Hard  enduring  objects,  such  as  teeth 
and  bones,  may  slowly  accumulate  and  be  protected  by  a  coating  of 
peroxide  of  manganese,  or  of  silicates,  such  as  ^re  now  forming  nere 
and  there  over  the  deep  sea-bottom.  Yet  a  deposit  of  this  nature,  if 
raised  into  land,  would  supply  but  a  meagre  picture  of  the  life  of 
the  sea. 

In  oonsidering  the  various  conditions  under  which  marine  organisms 
may  be  entombed  and  preserved,  we  must  take  into  account  certain 
occasional  phenomena,  wnen  sudden  or  at  least  rapid  and  extensive  de- 
straction  of  the  fauna  of  the  sea  may  be  caused.  Earthquake  shocks 
have  been  followed  by  the  washine  ashore  of  vast  quantities  of  dead 
fish,  and  no  doubt  submarine  vmcanio  eruptions  must  likewise  be 
destructive  to  the  denizens  of  the  sea-bottom.  Violent  storms,  by 
driving  shoals  of  fishes  into  shallow  water  and  against  rocks,  produce 
enormous  destruction.  Dr.  Leith  Adams  describes  the  coast  of  part  of 
the  Bay  of  Fundy  as  being  covered  to  a  depth  of  a  foot  in  some  places 
with  dead  fish  dashed  ashore  by  a  storm  on  the  24th  of  September, 
1867.^  Copious  discharges  of  fresh  water  into  the  sea  have  been  observed 
to  cause  extensive  mortality  among  marine  organisms.  Thus,  during 
the  S.W.  monsoon  and  accompanying  heavy  rains,  the  west  coasts 
of  some  parts  of  India  are  covered  with  dead  fish  thrown  ashore  from  the 
sea.^  Even  a  sudden  irruption  from  the  outer  sea  into  a  sheltered  and 
partially  brackish  inlet  may  cause  the  extinction  of  many  of  the 
denizens  of  the  latter,  though  a  few  may  be  able  to  survive  tne  altered 
conditions.^  Such  phenomena  offer  explanations  of  the  probable  causes 
of  death  in  the  case  of  fossil  fishes,  whose  remains  are  sometimes 
crowded  together  in  various  geological  formations. 

Of  the  whole  sea-floor  the  area  best  adapted  for  preserving  a 
varied  suite  of  marine  organic  exuviae  is  obviously  that  belt  which, 
running  along  the  margin  of  the  land,  is  ever  receiving  fresh  layers 
of  sediment  transported  by  rivers  and  currents  from  the  adjacent 
shores.  The  most  favourable  conditions  for  the  accumulation  of  a 
thick  mass  of  marine  fossiliferous  strata  will  arise  when  the  area  of 
deposit  is  undergoing  a  gradual  subsidence.  If  the  rate  of  depression  , 
and  that  of  deposit  be  equal,  or  nearly  so,  the  movement  may  pro- 
ceed for  a  vast  period  without  producmg  any  great  apparent  change 

>  Q.  /.  GwL  8oe,  xzix.p.  903. 
'  DeniBon,  Op.  oit,  xfili  p.  458. 

'  Forohhammer,  Edin,  ffew,  PhU,  Joum.  xxxi.  p.  69.    Large  nomben  of  salmon 
sometimeB  die  In  pools  of  a  riyer  daring  dry  and  hot  weather. 
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in  marine  geography,  and  even  without  seriously  affecting  the 
distribution  of  life  over  the  sea-floor  within  the  area  of  subsid^ice. 
Hundreds  or  thousands  of  feet  of  sedimentary  strata  ma^  conoeiFaUj 
be  in  this  way  heaped  up  round  the  continents,  containing  a  fng^ 
mentary  series  of  remains,  chiefly  forms  of  shallow-water  me  whieh 
had  hard  parts  capable  of  preservation. 

There  can  be  little  doubt  that  such  has  in  fact  been  the  history  of 
the  main  mass  of  stratified  formations  in  the  earth's  crust  These 
piles  of  marine  strata  have  unquestionably  been  laid  down  In  com- 
paratively shallow  water  within  the  area  of  denosit  of  t^iestrial 
sediment.  Their  great  depth  seems  only  explicable  by  prolonyged  and 
repeated  movements  of  subsidence,  interrupted,  however,  as  we  know, 
by  other  movements  of  a  contrary  kind.  These  geographical  changes 
affected  at  once  the  deposition  of  inorganic  materials  and  the  soc- 
cession  of  organic  forms.  One  series  of  strata  is  sometimes  abruptly 
succeeded  by  another  of  a  very  different  character,  and  we  generally 
find  a  corresponding  contrast  between  their  respective  organic 
contents. 

It  follows  from  these  conclusions  that  representatives  of  the 
abysmal  deposits  of  the  central  oceans  are  not  likely  to  be  met  with 
among  the  geological  formations  of  past  times.  Thanks  to  the 
great  work  done  by  the  Challenger  expedition,  we  know  what  are 
the  leading  characters  of  the  accumulations  now  forming  on  the 
deeper  parts  of  the  ocean  floor.  They  have  absolutely  no  analogy 
among  the  formations  of  the  earth's  crust.  They  dim^r,  indeed,  so 
entirely  from  any  formation  which  geologists  have  considered  to  be 
of  deep-water  origin  as  to  indicate  that,  from  early  geological  times, 
the  present  great  areas  of  land  and  sea  have  remained  on  the  whole 
\vhere  they  are,  and  that  the  land  consists  mainly  of  strata  formed,  at 
successive  epochs,  of  terrestrial  debris  laid  down  in  the  surrounding 
shallow  sea. 

ii.  FreBervation  of  organic  remains  in  mineral  masses. — 
The  condition  of  the  remains  of  plants  and  animals  in  rock-forma- 
tions depends,  first,  upon  the  original  structure  and  composition  of 
the  organisms,  and  secondly,  upon  the  manner  in  which  iiieir 
fossilization  has  been  effected. 

1.  Influence  of  original  structure  and  composition. 
— ^The  internal  skeletons  of  most  vertebrate  animals  consist  mainly  of 
phosphate  of  lime.  In  saurians  and  fishes  there  is  also  an  exo- 
skeleton  of  hard  bony  plates  or  of  scales.  It  is  these  durable  portions 
that  remain  as  evidence  of  the  former  existence  of  vertebrate  life. 
The  hard  parts  of  invertebrates  present  a  greater  variety  of  composition. 
In  the  vast  majority  of  cases  they  consist  of  calcareous  matter,  either 
calcite  or  aragonite  (pp.  82,  83).  The  carbonate  of  lime  i8 
occasionally  strengthened  by  phosphate,  while  in  a  few  cases,  as  in 
the  homy  brachiopods,  in  conulariay  serptda,  and  some  other  forms, 
the  phosphate  is  the  chief  constituent.^  Next  in  abundance  to  lime 
>  Logan  and  Hunt    Am^,  J<mm,  8oi.  xvii.  (ISM),  p.  235. 
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is  silica,  which  constitutes  the  frostnles  of  diatoms  and  the  harder 
parts  of  many  protozoa,  and  is  found  also  in  the  teeth  of  some 
molluscs.  The  mteguments  of  insects,  the  carapaces  of  Crustacea, 
and  some  other  organisms  are  composed  fundamentally  of  chitin/ 
a  transparent  horny  substance  which  can  long  resist  decomposition. 
In  the  vegetable  kingdom  the  substance  known  as  cellulose 
forms  the  essential  part  of  the  framework  of  plants.  In  dry  air  it 
possesses  considerable  durability,  also  when  thoroughly  water-logged 
and  excluded  from  meteoric  influences.  In  the  latter  condition, 
imbedded  amid  mud  or  sand,  it  may  last  until  gradually  petrified. 

It  is  a  familiar  fact  that  in  the  same  stratum  diflerent  organisms 
occur  in  remarkably  different  states  of  fossilization.  This  is  some- 
times strikingly  exemplified  among  the  moUusca.  The  conditions 
for  their  presenration  may  have  been  the  same,  yet  some  kinds 
of  shells  are  found  only  as  empty  moulds  or  casts,  while  others  still 
retain  their  form,  composition,  and  structure.  This  discrepancy,  no 
doubt,  points  to  original  differences  of  chemical  composition.  The 
aragonite  shells  of  a  stratum  may  be  entirely  dissolved,  while  those 
of  calcite  may  remain  (pp.  82, 166).  The  presence,  therefore,  only 
of  calcite  forms  does  not  necessarily  imply  that  others  of  aragonite 
were  not  originally  present.  But  the  conditions  of  fossilization  have 
likewise  greatly  varied.  In  the  clays  of  the  Mesozoic  formations,  for 
example,  cephalopods  may  be  exhumed  retaining  even  their  pearly 
nacre,  while  in  corresponding  deposits  among  the  Palaeozoic  systems 
they  are  merely  crystalline  calcite  casts. 

2.  Fossilization. — ^The  numerous  forms  of  fossilization  maybe 
reduced  to  three  leading  types. 

Jl.)  The  original  stAstanee  is  partly  or  whoUy  preserved.  Several 
es  may  be  noticed :  (a)  where  the  entire  animal  substance  is 
retained,  as  in  the  frozen  carcases  of  mammoths  in  the  Siberian  cliffs ; 
(t),  where  the  organism  has  been  mummified  by  being  encased  in 
resin  or  gum  (insects  in  amber) ;  (c),  where  the  organism  has  been 
carbonized  with  or  without  retention  of  its  structure,  as  is  character- 
istically shown  in  peat,  lignite,  and  coal ;  (d)  where  a  variable  portion 
of  the  original  substance,  and  especially  the  organic  matter,  has  been 
removed,  as  happens  with  shells  and  bones :  this  is  no  doubt  one 
of  the  first  steps  towards  petrifaction. 

(2.)  The  original  suhstance  is  entirely  removed  wUh  retention 
merely  of  external  form. — ^Mineral  matter  gathers  round  the  organism 
and  liardens  there  while  the  organism  itself  decays.  Eventually  a 
mere  mould  of  the  plant  or  animal  is  left  in  stone.  Every  stage  in 
this  process  may  be  studied  alon^  the  margin  of  calcareous  springs  and 
streams  (ante^  p.  461).  The  lime  m  solution  is  precipitated  round  fibres 
of  moss,  leaves,  twigs,  &c.,  which  are  thereby  incrusted  with  mineral 
matter.   While  the  crust  thickens  the  organism  inside  decays,  until  a 

'  Aoooidlog  to  0.  Sobmidt)  the  compoaitioD  of  thifl  substance  Is  0,  46*64;  H.  6*60; 
N,  6*66 ;  O,  40*20.  The  brown  chitin  of  Scottish  Carboniferons  scorpions  is  hardly 
distingnisbfkble  from  that  of  recent  species. 

2  B 


Digitized  by 


Google 


610  PAL^ONTOLOGICAL  GEOLOGY.         [Book  V. 

mere  hollow  mould  of  its  form  lemains.  Amon^  stratified  rocks  these 
moiQds  are  of  frequent  occurrence.  They  may  oe  subsequently  filled 
up  by  mineral  matter  washed  in  mechanically  or  deposited  as  a 
chemical  preci{)itate.  Such  casts  are  particularly  common  in  sand- 
stone,  which,  being  a  porous  rock,  has  allowed  water  to  filter  through  it 
and  remove  the  substance  of  enclosed  plant-stems,  shells,  &c.  In 
the  sandstones  of  the  Carboniferous  system  casts  in  compacted  sand 
of  stems  of  lepidodendron  and  other  plants  are  abundant.  It  is  obyious 
that  in  casts  of  this  kind  no  trace  remains  of  the  original  structure 
of  the  organism,  save  merely  of  its  external  form. 

(3.)  The  (niffifud  substance  is  mole(mlarlv  replaced^ 
wiih  partial  or  entire  preservation  of  internal  structure. — This  is  the  only 
true  petrifaction.  The  process  consists  in  tlie  abstraction  of  the 
orgamc  substances,  molecule  by  molecule,  and  in  their  replacement  by 
precipitated  mineral  matter.  So  gradual  and  tfaoroufi;h  has  this  inter- 
change often  been,  that  the  minutest  structures  of  plant  and  animal 
have  been  perfectly  preserred.     Silicified  wood  is  a  mmiliar  example. 

The  chief  substance  which  has  replaced  organic  forma  in  rock 
formations  is  calcite,  either  crystalline  or  in  an  amorphous  granular 
condition.  In  assuming  a  crystalline  (or  fibrous)  form  Una  mineral  has 
often  observed  a  symmetrical  grouping  of  its  component  individuals, 
these  being  usuall;^^  placed  with  their  long  axes  perpendicular  to  the 
surface  of  an  organism.  In  many  cases  among  inverteorate  remains  the 
oaloite  now  visible  is  pseudomorphous  after  aragonite  (p.  166).  Next 
in  abundance  as  a  petrifying  medium  is  silica,  most  commonly  in  the 
colloid  form  (calcedony,  opal),  but  also  as  quartz.  It  is  specially  frequent 
in  some  limestones,  as  cheit  and  fiint,  replacing  the  carbonate  of  lime 
in  molluscs,  echinoderms,  corals,  &o.  It  also  occurs  in  irr^ular  aggre- 
gates in  which  organisms  are  sometimes  beautifully  preserved.  It 
mrms  a  frequent  material  for  the  petrifaction  of  fossil  wood.  SUioifica- 
tion,  or  the  replacement  of  organisms  by  silica,  is  the  process  by  which 
minute  organic  structures  have  been  most  perfectly  preserved.  In  a 
microscopic  section  of  silicified  wood,  the  organization  of  the  original 
plant  may  be  as  distinct  as  in  the  section  of  any  modem  tree.  Pjrrites 
and  marcasite  are  common  replacing  minerals,  especially  in  argillaceous 
deposits,  as,  for  example,  among  the  clays  of  Jurassic  and  Cretaceous 
formations.  ^  Siderite  has  played  a  similar  part  among  the  ironstones 
of  the  coal-measures,  where  shells  {Anthraeosia,  Sso.)  and  plants  have 
been  replaced  by  it.  Many  other  minerals  are  occasionally  found  to 
have  been  substituted  for  the  origmal  substance  of  organic  remains. 
Among  these  may  be  mentioned  glauconite  (replacing  or  filling  fora- 
minifera),  vivianite  (specially  frequent  as  a  coating  on  the  weatheied 
surface  of  scales  and  bones),  barytes,  celestine,  gypsum,  talc,  lead- 
sulphate,  carbonate,  and  sulphide,  copper-stdphide  and  native  copper, 
hssmatite  and  limonite,  zinc-carbonate  and  sulphide,  cinnabar,  sulphur, 
fluorite,  phosphorite.^ 

iU.  Relative  Palseontological  Value  of  Organic  Remains.— As 
the  conditions  for  the  preservation  of  organic  remains  exist  more 
>  Both,  Chetn.  G40L  i.  p.  605. 
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fayoarablv  under  the  sea  than  on  land,  marine  must  be  far  more 
abundantly  conserred  than  terrestrial  organisms.  This  is  trae 
to-day,  and  has  doubtless  been  true  in  aU  past  geological  time, 
flence  for  the  purposes  of  the  geologist,  fossil  remains  of  marine  forms 
of  life  far  surpass  all  others  in  value.  Among  them  there  will 
necessarily  be  gradation  in  importance,  regulated  chiefly  by  their 
possession  of  hard  parts  readily  susceptible  of  preservation  among 
marine  deposits.  Among  the  Protozoa,  foraminifers,  radiolarians, 
and  sponges,  possessing  siliceous  or  calcareous  organizations,  have 
been  preserved  in  deposits  of  all  a^es.  Of  the  C^Ienterates  those 
which,  like  the  corals,  secrete  a  calcareous  skeleton  are  important 
rock-builders.  The  Echinoderms  have  been  so  abundantly  preserved 
that  their  geological  history  and  development  are  better  known 
than  those  of  most  other  classes  of  invertebrates.  The  Annelides,  on 
the  other  hand  (except  where  they  have  been  tubicolar),  have  almost 
entirely  disappeared,  though  their  former  presence  is  often  revealed 
by  the  trails  thev  have  left  upon  surfaces  of  sand  and  mud.  Of  all  the 
marine  tribes  which  live  witnin  the  juxta-terrestrial  belt  of  sedimen- 
tation, unquestionably  the  Mollusca  stand  in  the  fh)nt  rank  as 
regards  their  aptitude  for  becominfi;  fossils.  In  the  first  place,  they 
almost  all  possess  a  hard  durable  snell,  composed  chiefly  of  mineral 
matter,  capable  of  resisting  considerable  abrasion,  and  readily 
passing  into  a  mineralized  condition.  In  the  next  place,  they  are 
extremely  abundant  both  as  to  individuals  and  genera.  They 
occur  on  the  shore  up  to  high-water  mark,  and  range  thence  down 
into  the  abysses.    Moreover,  thev  appear  to  have  possessed  these 

aualifications  from  early  geological  times.  In  the  marine  Mollusca, 
ierefore,  we  have  a  common  ground  of  comparison  between  the 
stratified  formations  of  different  j^riods.  They  have  been  styled  the 
alphabet  of  palaeontological  inquinr.  It  will  be  seen,  as  we  proceed, 
how  much,  in  the  interpretation  of  geological  history,  depends  upon 
the  testimony  of  sea-shells. 

Turning  next  to  the  organisms  of  the  land,  we  perceive  that  the 
abundant  terrestrial  flora  has  a  comparatively  small  chance  of  being 
well  represented  in  a  fossil  state ;  that  indeed,  as  a  rule,  only  that 
portion  of  it  of  which  the  leaves,  twigs,  flowers,  frnits,  or  trunks  are 
blown  into  lakes,  or  swept  down  by  rivers,  is  likely  to  be  partially 
preserved.  Terrestrial  plants,  thereiore,  occur  in  comparative  rarity 
among  stratified  rocks,  and  furnish  in  consequence  only  Umited  means 
of  comoarison  between  the  formations  of  different  ages  and  countries. 
Of  land  animals  the  vast  majority  perish,  and  leave  no  permanent 
trace  of  their  existence.  Predatory  and  other  forms  whose  remains 
may  be  looked  for  in  caverns  or  peat-mosses,  must  occur  more 
numerously  in  the  fossil  state  than  birds,  and  are  correspondingly 
more  valuable  to  the  geologist  for  the  comparison  of  different  strata. 
Another  character  determines  the  relative  importance  of  fossils  as 
geolo^cal  monuments.  All  organisms  have  not  the  same  inherent 
capability  of  persistence.    The  longevity  of  an  organic  type  has,  on 

2  R  2 

Digitized  by  VjOOQ IC 


612  PAL^ONTOLOGICAL  GEOLOGY.         [Book  V. 

the  whole,  been  in  inverse  proportion  to  its  perfection.  The  more 
complex  its  structure,  the  more  susceptible  nas  it  been  of  change, 
and  consequently  the  less  likely  to  be  able  to  withstand  the  influences 
of  changing  climate,  and  other  physical  conditions.  A  living  species 
of  foraminifer  or  brachiopod,  endowed  with  comparative  indifference 
to  its  environment,  may  spread  over  a  vast  area  of  the  sea-floor,  and  the 
same  want  of  sensibility  enables  it  to  endure  through  the  changing 
physical  conditions  of  successive  geological  periods.  It  may  thus 
possess  a  great  ran^e,  both  in  space  and  time.  But  a  highly- 
specialized  mammal  is  usually  confined  to  but  a  limited  extent  of 
ciountry^  and  to  a  narrow  chronological  range. 

iv.  Uses  of  FoBsils  in  Qeology. — ^Apart  from  their  profound 
interest  as  records  of  the  progress  of  organized  being  upon  the 
earth,  fossils  serve  two  main  purposes  in  geological  research :  (1)  to 
throw  light  upon  former  conditions  of  jmysical  geography,  such  as 
the  presence  of  land,  rivers,  lakes,  and  seas,  in  pl£^  where  they 
do  not  now  exist,  changes  of  climate,  and  the  former  distribution  of 
plants  and  animals;  and  (2)  to  furnish  a  guide  in  geological 
chronology  whereby  rocks  may  be  classified  accoraing  to  relative  date, 
and  the  &ct8  of  geological  history  may  be  arranged  and  interpreted 
as  a  connected  record  of  the  earth's  progress. 

1.  Changes  in  Physical  Greography. — ^A  few  examples 
will  suffice  to  show  the  manifold  assistance  which  fossils  furnish  to 
tiie  geologist  in  the  elucidation  of  ancient  geography. 

^)  ionner  land-surfaces  are  reveal^  by  the  presence  of 
tree-stumps  in  their  positions  of  growth,  with  their  roots  branching 
freely  in  the  underlying  stratum,  which,  representing  the  ancient 
soil,  often  contains  leaves,  fruits,  and  other  sylvan  remains,  together 
with  traces  of  the  bones  of  land  animals,  remains  of  insects,  land- 
diells,  &c  Ancient  woodland  surfaces  of  this  kind,  found  between 
tide-marks,  and  even  below  low- water  line,  round  different  parts  of 
the  British  coast,  une<}uivocally  prove  a  subsidence  of  the  land 
(p.  281V  Of  more  ancient  date  are  the  "  dirt-beds  "  of  Portland, 
^ich,  Dy  their  layers  of  soil  and  tree-stumps,  show  that  woodlands  of 
cycads  sprang  up  over  an  upraised  sea-bottom  and  were  buried  beneath 
tne  edit  of  a  river  or  lake.  Still  further  back  in  geological  history 
come  the  numerous  coal-growths  of  the  Carboniferous  period,  pointing 
to  wide  jungles  of  terrestrial  or  aquatic  plants,  like  the  modem  man- 
grove swamps,  which  were  submerged  and  covered  with  sand  or  silt 

(b.)  The  former  existence  of  lakes  can  be  satisfactorily  proved 
from  beds  of  marl  or  lacustrine  limestone  full  of  freshwater  shells, 
or  from  fine  silt  with  leaves,  fruits,  and  insect  remains.  Sach 
deposits  are  forming  abundantly  at  the  present  day,  and  they  occur 
at  various  horizons  among  the  geological  formations  of  past  times. 
The  well-known  nagelflue  of  Switzenand— a  mass  of  conglomerate 
attaining  a  thickness  of  fully  6000  feet — can  be  Aown  from  its 
fossil  contents  to  be  essentially  a  lacustrine  formation.  Still  more 
important  are  the  ancient  Eocene  and  Miocene  lake-formations  of 


Digitized  by 


Google 


Book  V.]  USES  OP  FOSSILS.  613 

North  America^  whence  so  rich  a  terrestrial  and  lacustrine  flora  and 
fauna  have  been  obtained. 

(c.)  Old  sea-bottoms  are  vividly  brought  before  us  by  beds  of 
marine  shells  and  other  organisms.  Layers  of  water-worn  gravel  and 
sand,  with  rolled  shells  of  littoral  and  infra-littoral  species,  unmis- 
takeably  mark  the  position  of  a  former  shore  line.  Deeper  water  is 
indicated  by  finer  muddy  sediment,  with  relics  of  the  fauna  that 
prevails  beneath  the  reach  of  waves  and  ground-swell.  Limestones 
full  of  corals,  or  made  up  of  crinoids,  point  to  the  slow,  continuous 
growth  and  decay  of  generation  after  generation  of  organisms  in 
clear  sea-water. 

(d,)  Variations  in  the  nature  of  the  water  or  of  the  sea- 
bottom  may  sometimes  be  shown  by  changes  in  the  size  or  shape  of 
the  organic  remains.  If,  for  example,  the  fossils  in  the  central  and 
lower  parts  of  a  limestone  are  large  and  well-formed,  but  in  the 
upper  layers  become  dwarfed  and  distorted,  we  may  reasonably  infer 
that  the  conditions  for  their  continued  existence  at  the  locality 
must  have  been  gradually  impaired.  The  final  complete  cessation  of 
these  favourable  conditions  is  shown  by  the  replacement  of  limestone 
by  shale,  indicative  of  the  water  having  become  muddy,  and  by  the 
disappearance  of  the  organisms,  which  had  shown  their  sensitiveness 
to  the  change. 

(e.)  The  proximity  of  land  at  the  time  when  a  fossiliferous 
stratum  was  in  the  course  of  accumulation  is  sufficiently  proved  by 
mere  lithological  characters,  as  has  been  already  explained ;  but  the 
conclusion  may  be  further  strengthened  by  the  occurrence  of  leaves, 
stems,  and  other  fragments  of  terrestrial  vegetation  which,  if  found 
in  some  numbers  among  marine  organisms,  would  make  it  improbable 
that  they  had  been  drifted  far  from  land  ^see,  however,  p.  439). 

(/.)  The  existence  of  different  conditions  of  climate  in  former 
geological  periods  is  satisfactorily  demonstrated  from  the  testimony 
of  fossils.  Thus  an  assemblage  of  the  remains  of  palms,  gourds,  and 
melons,  with  bones  of  crocodiles,  turtles,  and  sea-snakes,  proves  a 
sub-tropical  climate  to  have  prevailed  over  the  south  of  England 
in  the  time  of  the  older  Tertiary  formations.  On  the  other  hand, 
the  extension  of  an  intensely  cold  or  arctic  climate  fetr  south  into 
Europe  during  post-Tertiary  time  can  be  shown  from  the  existence 
of  the  remains  of  arctic  animals  even  in  the  south  of  England  and  of 
France.  This  is  a  use  of  fossils,  however,  where  great  caution  must  be 
used.  We  cannot  affirm  that,  because  a  certain  species  of  a  genus 
lives  now  in  a  warm  part  of  the  globe,  every  species  of  that  genus 
must  always  have  lived  in  similar  circumstances.  The  well-known 
example  of  the  mammoth  and  woolly  rhinoceros  having  lived  in  the 
cold  north,  while  their  modern  representatives  inhabit  some  of  the 
warmest  regions  of  the  globe,  may  be  usefully  remembered  as  a 
warning  against  any  such  conclusions.  When,  however,  not  one 
fossil  merely,  but  the  whole  assemblage  of  fossils  in  a  formation  finds 
its  modem  analogy  in  a  certain  general  condition  of  climate,  we 
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may  at  least  tentatively  infer  that  the  same  kind  of  climate  prevailed 
where  that  assemblage  lived.  Such  an  inference  woold  become  more 
and  more  unsafe  in  proportion  to  the  antiquity  of  the  fossils  and 
their  divergence  from  existing  forms. 

2.  Geological  chronoiogjr. — ^Although  absolute  dates  cannot 
be  fixed  in  geological  chronology,  it  is  not  difficult  to  determine  the 
relative  age  of  different  strata.  For  this  purpose  the  fundamental 
law  is  b^sed  on  the  "order  of  superposition"  (p.  600).  The 
law  may  thus  be  defined :  in  a  series  of  stratified  formations  the 
older  must  underlie  the  younger.  It  is  not  needful  that  we  should 
actually  see  the  one  lying  below  the  other.  If  a  continuoiis  conform- 
able succession  of  strata  dips  steadily  in  one  direction  we  know  that 
the  beds  at  the  one  end  must  underlie  those  at  the  other,  because  we 
can  trace  the  whole  succession  of  beds  between  them.  Bare  instances 
occur  where  strata  have  been  so  folded  by  great  terrestrial  disturbance 
that  the  younger  are  made  to  underlie  the  older.  But  this  inversion 
can  usually  be  made  quite  clear  from  other  evidence.  The  true  order 
of  superposition  is  decisive  of  the  relative  ages  of  stratified  rocks. 

Tne  order  of  sequence  having  been  determined,  it  is  needful  to 
find  some  means  of  identifying  a  particular  formation  elsewhere, 
where  its  stratigraphical  relations  may  possibly  not  be  visible.    At 
first  it  might  be  thought  that  the  mere  external  aspect  and  mineral 
characters  of  the  rocks  ought  to  be  sufficient  for  this  purpose.     Un- 
doubtedly these  features  may  suffice  within  the  same  limited  r^ion 
in  which  the  order  of  sequence  has  already  been  determined.    Bnt 
as  we  recede  from  that  region  they  become  more  and  more  unre- 
liable.   That  this  must  be  the  case  will  readily  appear,  if  we  reflect 
upon  the  conditions  under  which  sedimentary  accumulations  have 
been  formed.    The  markedly  lenticular  nature  of  these  deposits 
has  already  been  described  Tp.  491).    At  the  present  day  the  sea- 
bottom  presents  here  a  bank  of  gravel,  there  a  sheet  of  sand,  else- 
where layers  of  mud,  or  of  shells,  or  of  organic  ooze,  all  of  which  are 
in  course  of  deposit  simultaneously,  and  will  as  a  rule  be  found  to 
shade  off  laterally  into  each  other.     The  same  diversity  of  contem- 
poraneous deposits  has  obtained  from  the  earliest  geologic^  periods. 
Conglomerates,  sandstones,  shales,  and  limestones  occur  on  idl  geo- 
logical horizons,  and  replace  each  other  even  on  the  same  platfonn. 
The  Coal-measures  of  Pennsylvania  are  represented  west  of  the  Bocky 
Mountains  by  thousands  of  feet  of  massive  marine  limestones.    The 
white  chalk  of  England  lies  on  the  same  geological  horizon  with 
marls  and  clays  in  Korth  Grermany,  thick  sandstones  in  Saxony,  bard 
limestone  in  the  south  of  France.     Mere  mineral  characters  are 
thusquite  unreliable  save  within  comparatively  restricted  areas. 

The  solution  of  this  problem  was  found  and  was  worked  out  for 
the  Secondary  rocks  of  England  by  William  Smith  at  the  end  of  last 
century.  It  is  supplied  by  organic  remains,  and  depends  upon  the 
law  thiat  the  order  of  succession  of  plants  and  animals  has  been 
similar  all  over  the  world.     According  to  the  order  of  superposition 
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the  fossils  found  in  a  formation  must  be  older  than  those  in  the 
formation  above,  and  younger  than  those  in  that  below.  This  order, 
however,  must  be  first  accurately  determined ;  for  so  far  as  regards 
organic  structure  or  affinities,  there  may  be  no  discoverable 
reason  why  a  particular  species  should  precede  or  follow  another. 
Unless,  for  example,  we  knew  from  observation  or  testimony  that 
Bhifneh(>nella2)leva'odon  is  a  shell  of  the  Carboniferous  Limestone,  and 
BhynchoneUa  teirahedra  is  a  shell  of  the  Lias,  we  could  not,  from 
mere  inspection  of  the  fossils  themselves,  pronounce  as  to  their  real 
ffeolo^'cal  position.  It  ie  quite  true  that  by  practice  a  palaeontologist 
has  his  eye  so  trained  that  he  can  make  shrewd  approximations  to 
the  actual  horizon  of  fossils  which  he  may  never  nave  seen  before 
(and  this  is  more  especially  true  in  regard  to  the  mammalia,  as  will 
be  immediately  adverted  to),  but  he  can  only  do  this  by  availing 
himself  of  a  wide  experience  based  upon  the  ascertained  order  of 
appearance  of  fossils  as  determined  by  the  law  of  superposition. 
For  geological  purposes,  therefore,  and  indeed  for  all  purposes  of 
comparison  between  the  faunas  and  floras  of  different  periods,  it  is 
absolutely  essential  first  of  all  to  have  the  order  of  superposition  of 
strata  rigorously  determined.  Unless  this  is  done  the  most  &tal 
mistakes  may  be  made  in  palaeontological  chronology.  But 
when  it  has  once  been  done  in  one  typicfll  district,  the  order  thus 
established  may  be  held  as  proved  K)r  a  wide  region  where,  from 
paucity  of  sections,  or  from  geological  disturbance,  the  true  succession 
of  formations  cannot  be  satisfactorily  determined. 

The  order  of  superposition  having  been  determined  in  a  great 
series  of  stratified  formations,  it  is  found  that  the  fossils  at  the  bottom 
are  not  quite  the  same  as  those  at  the  top  of  the  series.  As  we  trace 
the  beds  upward  we  discover  that  species  after  species  of  the  lowest 
platforms  disappears,  until  perhaps  not  one  of  them  is  found.  With 
the  cessation  of  these  older  species  others  make  their  entrance. 
These  in  turn  are  found  to  die  out  and  be  replaced  by  newer  forms. 
After  patient  examination  of  the  rocks,  it  is  ascertained  that  every 
well-marked  formation  is  characterized  by  its  own  species  or  genera 
(type-fossils,  Leitfossilien)  or  by  a  general  assemblage  or  faciea  of 
organic  forms.    This  can  only,  of  course,  be  determmed  by  actual 

i)ractical  experience  over  an  area  of  some  size.  The  characteristic 
bssils  are  not  always  the  most  numerous ;  they  are  those  which  occur 
most  constantly  and  have  not  been  observed  to  extend  their  range  above 
or  below  a  definite  geological  horizon  or  platform.  As  illustrations  of 
the  type-fossils  characteristic  of  some  of  the  larger  subdivisions  of  the 
Geological  Becord,  the  following  may  be  given.  Lepidodendra 
and  Si^laria  are  typical  of  Old  Bed  Sandstone  and  Oarboniferous 
formations;  Graptolitesofthe  Silurian  system;  Trilobites  of  Palaeozoic 
rocks  from  Cambrian  to  Carboniferous,  but  most  especially  of 
Silurian  formations ;  Cystideans  of  the  older  Palaeozoic  formations ; 
Orthoceratites  of  Palaeozoic  and  Ammonites  of  Mesozoic  formations ; 
Icbthyosaurs  and  Plesiosaurs  of  Mesozoic  formations ;  Nummulite% 
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PalsBotherium^  Anoplotherinm,  Hyopotamas,  and  Authraootheriimi  of 
the  older  Tertiary  formations ;  Mastodon^  Elephant^  Hyaena,  Cerms, 
and  Eqnns  of  yonnger  Tertiary  formations.  The  occurrence  of  siieli 
organisms  in  any  rock  at  once  decides  the  great  division  of  geolog^tcal 
time  to  which  the  rock  must  be  assigned. 

The  type  fossihi  of  a  formation,  after  snfficientiy  prolonged  and 
extended  experience,  haying  been  ascertained,  serve  to  identify  thmt 
formation  in  its  progress  across  a  country.    Thus,  as  we  trace  the 
formation  into  tracts  where  it  would  be  impossible  to  deteraune 
the  true  order  of  superposition,  owing  to  the  want  of  sections,  or  to 
the  disturbed  condition  of  the  rocks,  we  can  employ  the  type-fossils 
as  a  means  of  identification,  and  speak  with  conndence  as  to  the  sac- 
cession  of  the  rocks.      We  may  even  demonstrate  that  in  some 
mountainous  ground  the  beds  have  been  turned  completely  upside 
down,  if  we  can  show  that  the  fossils  in  what  are  now  the  uppermost 
strata  ought  properiy  to  lie  underneath  those  in  the  beds  below  thenu 

Prolongea  study  of  the  succession  of  organic  types  in  the  geo- 
logical past  all  over  the  world,  has  given  paleeontologists  some  con- 
fidence in  fixing  the  relative  age  even  of  fossus  belonging  to  previously 
unknown  species  or  ^nera,  and  occurring  under  circumstances  where 
no  order  of  superposition  can  be  found.  For  instance,  the  general 
sequence  of  mammalian  types  having  been  fixed  by  the  law  of  super- 
position, the  horizon  of  a  mammaliferous  deposit  may  be  approxi- 
mately determined  by  the  grade  or  degree  of  evolution  denotea  oy  its 
mammalian  fossils.  Thus,  should  remains  be  generically  abundant^ 
differing  firom  those  now  living  and  presenting  none  of  the  extreme 
contrasts  which  are  now  found  among  our  higher  animals,  should 
they  embrace  neither  true  ruminant^  nor  solipedes,  nor  probos- 
cidians, nor  apes,  they  might  with  high  probability  be  referred  to 
the  Eocene  period.^  Beasoning  of  this  kind  must  be  based,  however, 
upon  a  wide  basis  of  evidence,  seeing  that  the  progress  of  develop- 
ment has  been  far  from  equal  in  all  ranks  of  the  ammal  world. 

Observations  made  over  a  large  part  of  the  surface  of  the  globe 
have  enabled  geologists  to  divide  the  stratified  part  of  the  eartii's 
crust  into  systems,  formations,  and  groups  or  series.  These  sub- 
divisions are  frequentiy  marked  off  from  each  other  by  lithological 
characters.  But,  as  abeady  remarked,  mere  lithological  differences 
afford  at  the  best  but  a  limited  and  local  ground  of  separation. 
Two  masses  of  sandstone,  for  example,  having  exactly  the  same 
general  external  and  internal  characters,  may  belong  to  very 
different  geological  periods.  On  the  other  hand,  a  series  of  limestones 
in  one  locality  may  be  the  exact  chronological  equivalent  of  a  set 
of  sandstones  and  conglomerates  at  another,  and  of  a  series  of  shales 
and  days  at  a  third. 

Some  due  is  accordingly  needed  which  will  permit  the  divisions 
of  the  stratified  rocks  to  be  grouped  and  compared  chronologically. 
This  fortunately  is  well  supplied   by   their  characteristic  fossils. 
■  Gaudxy,  **  Les  enohamenienta  da  Mon^  Aninud,"  1S7S,  p.  246. 
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Each  formation  being  distinguished  by  its  own  assemblage  of 
organic  remains,  it  can  be  followed  and  recognized  even  amid  the 
crumplings  and  dislocations  of  a  disturbed  region.  The  same 
general  succession  of  organic  types  has  been  observed  over  a  large 

Sart  of  the  world,  though,  of  course,  with  important  modifications  in 
ifferent  countries.  This  similarity  of  succession  has  been  termed 
Jwmotaxis — a  term  which  expresses  the  fact  that  the  order  in  which 
the  leading  types  of  organized  existence  have  appeared  upon  the 
earth  has  been  similar  even  in  widely  separated  regions.^ 

It  is  evident  that  in  this  way  a  method  of  comparison  is  furnished 
whereby  the  stratified  formations  of  different  parts  of  the  earth's 
crust  can  be  brought  into  relation  with  each  other.  We  find,  for 
example,  that  a  certain  series  of  strata  is  characterized  in  Britain  by 
certain  genera  and  species  of  corals,  brachiopods,  lamellibranchs, 
gasteropods,  and  cepnalopods.  A  group  of  rocks  in  Bohemiai 
differing  more  or  less  from  these  in  lithological  aspect,  contains  on 
the  whole  the  same  genera,  and  some  even  of  the  same  species.  In 
Scandinavia  a  set  of  beds  may  be  seen  unlike,  perhaps,  in  external 
characters  to  the  British  type,  but  yielding  many  of  the  same  fosssils, 
In  Canada  and  parts  of  tne  northern  United  States,  other  rocks 
enclose  some  of  the  same,  and  of  closely  allied  genera  and  species. 
All  these  groups  of  strata,  having  the  same  general  facies  of  organic 
remains,  are  classed  together  as  homotaxial  that  is,  as  having  been 
deposited  during  the  same  relative  period  in  the  general  progress  of 
life  in  each  region. 

It  was  at  one  time  believed,  and  the  belief  is  still  far  from  extinct, 
that  groups  of  strata  characterized  by  this  community  or  resemblance 
of  organic  remains  were  chronologically  contemporaneous.  But  such 
an  inference  rests  upon  most  insecure  grounds.  We  may  not  be 
able  to  disprove  the  assertion  that  the  strata  were  strictly  coeval, 
but  we  have  only  to  reflect  on  the  present  conditions  of  zoological 
and  botanical  distribution,  and  of  modern  sedimentation,  to  be 
assured  that  the  assertion  of  contemporaneity  is  a  mere  assumption. 
Consider  for  a  moment  what  would  happen  were  the  present  surface 
of  any  portion  of  central  or  southern  Europe  to  be  submerged 
beneath  the  sea,  covered  by  marine  deposits,  and  then  re-elevated 
into  land.  The .  river-terraces  and  lacustrine  marls  formed  before 
the  time  of  Julius  Caesar  could  not  be  distinguished  by  any  fossil 
tests  from  those  laid  down  in  the  days  of  Victoria,  unless,  indeed, 
traces  of  human  implements  were  obtainable  whereby  the  progress 
of  civilization  during  2000  years  might  be  indicated.  So  far  as 
regards  the  shells,  bones,  and  plants  preserved  in  the  various  forma- 
tions, it  would  be  absolutely  impossible  to  discriminate  their  relative 
dates ;  they  would  be  classed  as  "  geologically  contemporaneous,"  that 
is,  as  having  been  formed  during  the  same  period  in  the  history  of 
life  in  the  European  area;  yet  there  might  be  a  difference  of  2000 
years  or  more  between  many  of  them.  Strict  contemporaneity 
>  Huxley,  Q,  J.  QeoL  Soe.  xyiU.  1862,  p.  zlvi. 
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cannot  be  asserted  of  any  strata  merely  <m  the  groond  oi  rifnilarity 
or  identity  in  foesils. 

Bat  tne  phrase  ^geologically  contemporaneons  "  is  too  Tagne  to 
have  any  chronological  yalne  except  in  a  relatiye  sensa  To  speak 
of  two  formations  as  ^contemporaneous"  which  may  haye  been 
separated  by  thousands  of  years  seems  rather  a  misuse  of  language, 
though  the  phraseology  has  now  gained  such  a  footing  in  geou)giciI 
literature  as  probably  to  be  inexpugnable.  If  we  turn  again  for 
suggestions  to  the  existing  distribution  of  life  on  tiie  earth  (thongii 
it  IS  probable  that  formerly,  and  particularly  among  the  earlier  geo- 
logic^ periods,  there  was  considerably  greater  uniformity  in  zoolo^cal 
distribution  than  there  is  now)  we  learn  that  similarity  or  identity 
of  species  and  genera  holds  good  on  the  whole  only  for  limited 
areas,  and  consequently,  if  applied  to  wide  geographical  re|;ioDs, 
ought  to  be  an  argument  for  diyersity  rather  than  for  Himflan^  of 
age.  If  we  suppose  the  British  seas  to  be  raised  into  dry  landC  ^ 
that  the  organic  relics  presenred  in  their  sands  and  silts  could  be 
exhumed  and  examined,  a  general  or  common  facies  or  t^rpe  would  be 
found,  though  some  species  would  be  more  abundant  m  or  entirely 
confined  to  the  north,  while  others  would  show  a  greater  developmcDt 
in  the  opposite  Quarter.  Still  there  would  be  such  a  similarity 
throughout  the  whole  that  no  naturalist  would  hesitate  to  regard 
the  organisms  as  those  of  one  biological  proyince,  and  belonging  to 
the  same  great  geological  period.  The  region  is  so  small,  and  its 
conditions  of  life  so  uniform  and  uninterrupted,  that  no  marked 
distinction  can  be  drawn  between  the  forms  of  life  in  its  dififorent 
parts. 

Widening  the  area  of  obseryation,  we  perceiye  that  as  we  recede 
from  any  giyen  point  on  the  earth's  surface  the  existing  forms  of  lif<9 
gradually  change.  Vegetation  altei-s  its  aspect  from  climate  to 
climate,  and  with  it  come  corresponding  transformations  in  tiie 
characters  of  insects,  birds,  and  wild  animals.  A  lake  bottom  would 
presenre  one  suite  of  organisms  in  England,  but  a  yery  different 
group  at  the  foot  of  the  Himalaya  Mountains,  yet  the  aeposits  at 
the  two  places  might  be  absolutely  coeyal,  even  as  to  months  and 
days.  If,  therefore,  in  the  geolo^cal  past  there  has  been,  as  there  ii 
now,  a  grading  of  plants  and  ammals  in  great  biological  proyinces, 
marked  off  by  differences  of  contour,  climate,  and  geological  histoiyi 
we  must  conclude  that,  while  strict  contemporaneity  cannot  be  pre- 
dicated of  deposits  containing  the  same  organic  remains,  it  may 
actually  be  true  of  deposits  in  which  they  are  quite  distinct^ 

If,  then,  at  the  present  time,  community  of  organic  forms,  except 
in  the  case  of  a  few  almost  world-wide  species,  obtains  only  in  re- 
stricted districts,  regions,  or  proyinces,  it  may  haye  been  more  or 

■  The  present  eeographical  distribution  of  plants  and  animals  bas  a  vrolbiiiMl 
ffeologioal  interest,  out  cannot  be  properly  disoassed  in  this  Tolome.  The  stndeiit  will 
And  it  luminously  treated  in  Darwiu's  **  Origin  of  Species,"  chapters  xii  and  uii ;  LytU'i 
**  Principles  of  Geology/*  oliapters  xxxyiii.-xlL ;  and  in  Wallace's  **  Geographical  Distri- 
buUou  of  Animals,**  2  toIs.  187G,  and  his  '*  Island  Life."  ISSO. 
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less  limited  also  in  past  time.  Similarity  or  identity  of  fossils  among 
formations  geographically  far  apart,  instead  of  proving  contem* 
poraneity,  may  be  compatible  with  great  discrepancies  in  the 
relative  epochs  of  deposit.  For  on  any  theory  of  the  ori^  of 
species,  the  spread  of  a  species,  still  more  of  any  group  of  species,  to 
a  vast  distance  from  the  original  centre  of  dispersion,  must  in  most 
cases  have  been  inconceivably  slow.  It  doubtless  occupied  so  pro- 
longed a  time  as  to  allow  of  almost  indefinite  changes  in  physical 
feofi^raphy.  A  species  mav  have  disappeared  from  its  primeval 
irthplace  while  it  continuea  to  flourish  m  one  or  more  directions  in 
its  outward  circle  of  advance.  The  date  of  the  first  appearance  and 
final  extinction  of  that  species  would  thus  differ  widely  according  to 
the  locality  at  which  we  might  examine  its  remains. 

The  grand  march  of  life,  in  its  progress  from  lower  to  higher 
forms,  has  unquestionably  been  broadly  alike  in  all  quarters  of  the 
globe.  But  nothing  seems  more  certain  than  that  its  rate  of  ad- 
yance  has  not  everywhere  been  the  same.  It  has  moved  unequally 
over  the  same  region.  A  certain  stage  of  progress  may  have  been 
reached  in  one  quarter  of  the  globe  thousanos  of  years  before  it  was 
reached  in  another ;  though  the  same  general  succession  of  organic 
types  might  be  found  in  each  region.  At  the  present  day,  for 
example,  the  higher  fauna  of  Australia  is  more  nearly  akin  to  that 
which  flourished  in  Europe  far  back  in  Mesozoic  time  than  to  the 
living  fauna  of  any  other  region  of  the  globe.  There  seems  also  to 
be  now  sufiScient  evidence  to  warrant  the  assertion  that  the  progress 
of  terrestrial  vegetation  has  at  some  geological  periods  and  m  some 
regions,  been  in  advance  of  that  of  the  marine  fauna  (see  p.  626). 

In  fine,  in  every  country  where  the  fossiliferous  geological 
formations  are  well  displayed  and  have  been  properly  examined,  the 
same  general  order  of  organic  succession  can  be  made  out  among 
them.  Their  relative  age  within  a  limited  geographical  area  can 
be  demonstrated  by  the  law  of  superposition.  When,  however, 
the  formations  of  distant  countries  are  compared,  all  that  we  can 
safely  affirm  regarding  them  is  that  those  containing  the  same  or  a 
representative  assemblage  of  organic  remains  belong  to  the  same 
epoch  in  the  history  of  biological  progress  in  each  area.  They  are 
nomoiaxidl;  but  we  cannot  assert  that  they  are  contemporaneous 
unless  we  are  prepared  to  include  within  that  term  a  vague  period 
of  many  thousands  of  years. 

3.  Imperfection  of  the  Geological  Eecord. — Since 
the  fiEict  was  insisted  upon  by  Darwin,  geologists  have  more  fully 
recognized  that  the  history  of  life  has  oeen  very  imperfectly  pre- 
serve in  the  stratified  parts  of  the  earth's  crust.  Apart  £om 
the  fact  that,  even  under  the  most  favourable  conditions,  only 
a  small  proportion  of  the  total  flora  and  fauna  of  any  period 
could  be  preserved  in  the  fossil  state,  enormous  gaps  occur  where 
from  non-deposit  of  strata  no  record  has  been  preserved  at  all.  It  is 
as  if  whole  chapters  and  books  were  missing  from  an  historical  work. 
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But  even  where  the  record  may  origiiially  have  been  tolerably  full, 
powerful  dislocations  have  often  thrown  considerable  portions  of  it  ont 
of  sight.  Sometimes  extensive  metamorphism  has  so  affected  the 
rocks  that  their  original  characters,  including  their  organic  contents, 
have  been  destroyed.  Oftenest  of  all,  denudation  has  come  into  play, 
and  vast  masses  of  strata  have  been  entirely  worn  away,  as  is  shown 
not  only  by  the  erosion  of  existing  land-surfaces  but  by  the  abundant 
unconformabilities  in  the  structure  of  the  earth's  crust. 

While  the  mere  fact  that  one  series  of  rocks  lies  unconfonnably 
on  another  proves  the  lapse  of  a  considerable  interval  between  tiieir 
respective  dates,  the  relative  length  of  this  interval  may  sometimes 
be  demonstrated  by  means  of  fossil  evidence,  and  by  this  alone.  Let 
us  suppose,  for  example,  that  a  certain  group  of  formations  has  been 
disturbed,  upraised,  aenuded,  and  covered  unconformably  by  a  second 
group.  In  lithological  characters  the  two  may  closely  resemble  each 
other,  and  there  may  be  nothing  to  show  that  the  gap  represented  by 
their  unconformability  is  not  of  a  trifling  character.  In  many  cases, 
indeed,  it  would  be  quite  impossible  to  pronounce  any  well-grounded 
judgment  as  to  the  amount  of  interval,  even  measured  by  the  vague 
relative  standards  of  geological  chronology.  But  if  each  group 
contaius  a  well-preserved  suite  of  organic  remains,  it  may  not  only 
be  possible,  but  easy,  to  say  how  much  of  the  known  geological 
record  has  been  left  out  between  the  two  sets  of  formations.  By 
comparing  the  fossils  with  those  obtained  from  regions  where  the 
geological  record  is  more  complete,  it  may  be  ascertained  perhaps 
that  the  lower  rocks  belong  to  a  certain  platform  or  stage  in  geologi- 
cal history  which  for  our  present  purpose  we  may  call  D,  and  that  the 
upper  rocks  can  in  like  manner  be  paralleled  with  stage  H.  It  would 
be  then  apparent  that  at  this  locality  the  chronicles  of  three  great 

ideological  periods  E,  F,  and  G  were  wanting,  which  are  elsewhere 
ound  to  be  intercalated  between  D  and  H.  The  lapse  of  time  repre- 
sented by  this  unconformabilitv  would  thus  be  equivalent  to  mat 
required  for  the  accumulation  oi  the  three  missing  formations  in  those 
regions  where  sedimentation  went  on  undisturbed,  or  where  the  record 
of  them  has  been  preserved. 

But  fossil  evidence  may  be  made  to  prove  the  existence  of  gaps 
which  are  not  otherwise  apparent.  As  has  been  already  remarked, 
changes  in  organic  forms  must,  on  the  whole,  have  been  extremely 
slow  m  the  geological  past.  The  whole  species  of  a  sea-floor  could 
not  pass  entirely  away,  and  be  replaced  by  other  forms,  without  the 
lapse  of  long  periods  of  time.  If  then  among  the  conformable 
stratified  formations  of  former  ages  we  encounter  abrupt  and  important 
changes  in  the  fades  of  the  fossils,  we  may  be  certain  that  these 
must  mark  omissions  in  the  record,  which  we  may  hope  to  fill  in 
from  a  more  perfect  series  elsewhere.  The  striking  palsDontological 
contrasts  between  unconformable  strata  are  sufficiently  explicable. 
It  is  not  so  easy  to  give  a  satisfactory  account  of  those  whicn  occur 
where  the  beds  are  strictly  conformable,  and  where  no  evidence  can 
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be  obserred  of  any  considerable  change  of  physical  conditions  at  the 
time  of  deposit.  A  group  of  quite  conformable  strata,  having  the  same 
general  lithological  characters  throughout,  may  be  marked  by  a  great 
discrepance  between  the  fossils  above  and  below  a  certain  line.  A 
few  species  may  pass  from  the  one  into  the  other,  or  perhaps  every 
species  may  be  different.  In  cases  of  this  kind,  when  proved  to  be 
not  merely  local  but  persistent  over  wide  areas,  we  must  admit,  not- 
withstanding the  apparently  undisturbed  and  continuous  character  of 
the  original  deposition  of  tne  strata,  that  the  abrupt  transition  from 
the  one  facies  of  fossils  to  the  other  must  represent  a  long  interval  of 
time  which  has  not  been  recorded  by  the  deposit  of  strata.  Professor 
Bamsay,  who  called  attention  to  these  gaps,  termed  them  ''  breaks  in 
the  succession  of  oi^ganic  remains."  ^  They  occur  abundantly  among 
the  Palseozoic  and  Secondary  rocks  which  by  means  of  them  can  be 
separated  into  zones  and  formations.  It  is  obvious,  of  course,  that 
even  though  traceable  over  wide  regions,  they  were  not  general  over 
the  whole  globe.  There  have  never  been  any  universal  interruptions 
in  the  continuity  of  the  chain  of  being,  so  far  as  geological  evidence 
can  show.  The  breaks  or  apparent  interruptions  existed  only  in  the 
sedimentary  record,  and  were  produced  by  geographical  changes  of 
various  kinds,  such  as  cessation  of  deposit  from  failure  of  sediment 
owing  to  seasonal  or  other  changes ;  alteration  in  the  nature  of  the 
sediment  or  character  of  the  water ;  variations  of  climate  from  what- 
ever cause;  more  rapid  subsidence  bringing  successive  submarine 
zones  into  less  favourable  conditions  of  temperature,  &c. ;  and  volcanic 
discharges.  The  physical  revolutions,  which  brought  about  the 
breaks  were  no  doubt  sometimes  general  over  a  whole  zoological 
province,  more  frequently  over  a  minor  region.  Thus  at  the  close  of 
the  Triassic  period  the  inland  basins  of  central,  southern,  and  western 
Europe  were  effaced,  and  another  and  different  geographical  phase 
was  introduced  which  permitted  the  spread  of  the  peculiar  fauna  of 
the  "  Avicula  contorta  zone  "  from  the  south  of  Sweden  to  the  plains 
of  Lombardy,  and  from  the  north  of  Ireland  to  the  eastern  end  of  the 
Alps.  This  phase  in  turn  disappeared,  to  make  way  for  the  Lias  with 
its  numerous  "  zones,"  each  distinguished  by  the  naaximum  develop- 
ment of  one  or  more  species  of  ammonite.  These  successive  geo- 
graphical revolutions  must  in  many  cases  have  caused  the  complete 
ext^lction  of  genera  and  species  possessing  a  small  geographical 
range. 

From  all  these  facts  it  is  dear  that  the  geological  record,  as  it  now 
exists,  is  at  the  best  but  an  imperfect  chronicle  of  geological  history. 
In  no  country  is  it  complete.  The  lacunsB  of  one  region  may  be 
supplied  from  another;  yet  in  proportion  to  the  geographical 
distance  between  the  localities  where  the  gaps  occur  and  those  wnence 
the  missing  intervals  are  supplied,  the  element  of  uncertainty  in  our 
reading  of  the  record  is  increased.  The  most  desirable  method  of 
research  is  to  exhaust  the  evidence  for  each  area  or  province,  and  to 
1  Q,  /.  QeoL  8oe.  xix.  p.  36. 
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compare  the  general  order  of  its  succession  as  a  whole  with  that  whicli 
can  DO  established  for  other  provinces.  It  is»  therefore,  only  after 
long  and  patient  observation  and  comparison  that  the  geological 
history  of  aifferent  quarters  of  the  globe  can  be  correlated. 

4.  Subdivisions  of  the  Geological  Becord  by  meana 
of  fossils. — Ab  fossil  evidence  furnishes  a  much  more  satisfiMstorj 
and  widely  applicable  means  of  subdividing  the  stratified  rocks  of  the 
earth's  crust  than  mere  lithological  characters,  it  is  made  the  basis 
of  the  geological  classification  of  these  rocks.     Thus  a  particular 
stratum  ma^  be  ascertained  to  be  marked  by  the  occurrence  in  it  of 
various  fossils,  one  or  more  of  which  may  be  distinctive,  either  from 
occurring  in  no  other  bed  above  and  below,  or  from  special  abundance 
in  that  stratum.    These  species  ma^  therefore  be  used  as  a  guide  to 
tiie  occurrence  of  the  bed  in  question,  which  may  be  callea  by  the 
name  of  the  most  abundant  species.  In  this  way  a  geological  horizon 
or  zone  is  marked  off,  and  geologists  thereafter  recognize  its  exact 
position  in  the  series  of  formations.  But  before  such  a  generalization 
can  be  safely  made,  we  must  be  sure  that  the  species  in  question 
really  never  does  characterize  any  other  platform.    This  evidently 
demands  wide  experience  over  an  extended  field  of  observation.   The 
assertion  that  a  particular  species  or  genus  occurs  only  on  one 
horizon,  or  within  certain  limits,  manifestly  rests  on  negative  evidence 
as  much  as  on  positive.      The  palaeontologist  who  makes  it  cannot 
mean  more  than  that  he  knows  the  species  or  genus  to  lie  on  that 
horizon  or  within  those  limits,  and  that,  so  far  as  his  own  experience 
and  that  of  others  goes,  it  has  never  been  met  with  anywhere  else. 
But  a  single  instance  of  the  occurrence  of  the  fossil  on  a  different 
zone  would  greatly  damage  the  value  of  his  generalization,  and  a 
few  such  cases  would  demolish  it  altogether.    The  swns  Arethiuina, 
for  example,  had  lon^  been  known  as  a  characteristic  trilobite  of  the 
lower  zones  of  the  third  or  highest  fauna  of  the  Bohemian  Silurian 
basin.     So  abundant  is  one  species  {A.  Koninckx)  that  Barrande 
mentions  that  he  had  collected  more  than   6000  specimens  of  it, 
generallv  in  good  preservation.    But  no  trace  of  it  had  ever  been 
met  with  towards  the  upper  limit  of  the  Silurian  fauna.      Even- 
tually, however,  a  single  specimen  of  a  species  so  nearly  identical 
as  to  be  readily  pronounced  the  same  was   disinterred    from  the 
upper  Devonian  rocks  of  Westphalia — a   horizon   separated  from 
the  upper  limit  of  the  genus  in  Bohemia  bv  at   least  half  of 
the  vertical  height  of   the  Upper  Silurian  and  by  the  whole  of 
the  lower  and  middle  Devonian  formations.^     Such   an    example 
teaches  the  danger  of  founding  too  much  on  negative  data.    To 
establish  a  geological  horizon  on  limited  fossil  evidence,  and  then  to 
assume  the  identity  of  all  strata  containing  the  same  fossils,  is  to 
reason  in  a  circle  and  to  introduce  utter  contusion  into  our  interpre- 
tation of  the  geological  record.     The  first  and  fundamental  point  is 
to  determine  accurately  the  order  of  superposition  of  the  strata. 
*  BarxttDde,  **  B^ppariUon  da  genre  Arethuiiiu^''  Pngne,  1S68. 
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Until  this  is  done  detailed  palaBontological  classification  may  prove 
to  be  worthless. 

From  what  has  been  above  advanced  it  must  be  evident  that^  even 
if  the  several  groups  in  a  formation  or  system  of  rocks  in  any  district 
or  country  have  been  found  susceptible  of  minute  subdivision  by 
means  of  their  characteristic  fossils,  and  if,  after  the  lapse  of  many 
yearsy  no  discovery  has  occurred  to  alter  the  established  order  of 
succession  of  these  fossils,  nevertheless  the  subdivisions  may  only 
hold  good  for  the  region  in  which  they  have  been  made.  They 
must  not  be  assumed 'to  be  strictly  applicable  everywhere.  Advancing 
into  another  district  or  country  where  the  petrographical  characters 
of  the  same  formation  or  system  indicate  that  the  original  conditions 
of  deposit  must  have  been  very  different,  we  ought  to  be  prepared  to 
find  a  greater  or  less  departure  from  the  first  observed,  or  what  we 
unconsciously  and  not  unnaturally  come  to  look  upon  as  the  normal 
order  of  organic  succession.  There  can  be  no  doubt  that  the 
appearance  of  new  organic  forms  in  any  locality  has  been  in  large 
measure  connected  witn  such  physical  changes  as  are  indicated  by 
diversities  of  sedimentary  matenals  and  arrangement.  The  Upper 
Silurian  formations,  for  example,  as  studied  by  Murchison  in  Shrop- 
shire and  the  adjacent  counties,  present  a  clear  sequence  of  strata 
well  defined  by  characteristic  fossils.  But  within  a  distance  of  sixty 
miles  it  becomes  impossible  to  establish  these  subdivisions  by  fossil 
evidence.  If  we  examine  corresponding  strata  in  Scotland,  we  find 
that  they  contain  some  fossils  wnich  never  rise  above  the  Lower 
Silurian  formations  in  Wales  and  the  west  of  England.  Again,  in 
Bohemia  and  in  Bussia  we  meet  with  still  greater  departures  from 
the  order  of  appearance  in  the  original  Silurian  area,  some  of  the 
most  characteristic  Upper  Silurian  organisms  being  there  found  far 
down  beneath  strata  replete  with  records  of  Lower  Silurian  life. 
Nevertheless  the  general  succession  of  life  from  Lower  to  Upper 
Silurian  types  remains  distinctly  traceable.  Such  facts  warn  us 
against  the  danger  of  being  lea  astrav  by  an  artificial  precision 
of  palsBontological  detail.  Even  where  the  palaeontological  sequence 
is  best  established,  it  rests  probably  in  most  cases  not  merely  upon 
the  actual  chronological  succession  of  organic  forms,  but  also, 
far  moro  than  is  usually  ima^ned,  upon  original  accidental 
differences  of  local  physical  conditions.  As  these  conditions  have 
constantly  varied  from  region  to  region,  it  must  comparatively  seldom 
happen  that  the  same  minute  palsdontological  subdivisions,  so 
important  and  instructive  in  themselves,  can  be  identified  and 
paralleled,  except  over  comparatively  limited  geographical  areas. 
The  remarkable  ^'zones''  of  the  Lias  have  been  recognized  over 
central  and  western  Europe,  but  cease  to  be  traceable  as  we  recede 
from  their  original  geographical  province.  ; 

v.  Bearing  of  palssontolo^oal  data  npon  Xvolntion. — Since 
the  researohes  of  William  Smith  at  the  end  of  last  century  it  has 
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beeu  well  understood  that  the  stratified  portion  of  the  earth's  cmst 
contains  a  suite  of  organic  remains  in  which  a  gradual  progression 
can  be  traced  from  simple  forms  of  inyertebrate  life  among  the  early 
formations  to   the  most  highly  differentiated   mammalia    of  iM 
present  time.    Until  the  appearance  of  Darwin's  "  Origin  of  Species" 
in  1859  the  significance  of  this  progression  and  its  connection  with 
the  biological  relations  of  existing  faunas  and  floras  were  only  dimly 
perceived.    Darwin,  however,  urg^ed  that,  instead  of  being  fixed  or 
but  slightly  alterable  forms,  species  might  be  derived  from  otben; 
and  that  processes  were  at  work  whereby  it  was  conceivable  that  the 
whole  of  the  existing  animal  and  vegetable  worlds  might   have 
descended  from  at  most  a  very  few  original  forms.    From  a  large 
array  of  facts  drawn  from  observations  made  upon  domestic  plants 
and  animals  he  inferred  that  from  time  to  time  slight  pecnliaritiet 
due  to  differences  of  climate,  &c.,  appear  in  the  offspring  which  were 
not  present  in  the  parent,  that  these  peculiarities  may  be  transmitted 
to  succeeding  generations,  especially  where  from  their  nature  they 
are  useful  in  enabling  their  possessors  to  maintain  themselves  in 
the  general  struggle  for  life.    Hence  varieties  at  first  arising  from 
accidental  circumstances  may  become  permanent,  while  the  original 
form  horn  which  they  sprang,  being  less  well  adapted  to  hold  its 
own,  perishes.    Varieties  become  species  and  specific  differences  pass 
in  the  same  way  into  generic.    The  most  successful  forms  are  by  a 
process  of  "  natural  selection  "  made  to  overcome  and  survive  those 
that  are  less  fortunate.     Hence  the  "survival  of  the  fittest"  is 
conceived  to  be  the  general  law  of  nature.    The  present  varied  life 
of  the  globe  may  thus  be  explained  by  the  continued  accumulation, 
perpetuation,  and  increase  of  differences  in  the  evolution,  of  plants 
and  animals  during  the  whole  of  geological  time.      Hence  the 
geological  record  should  contain  a  more  or  less  full  chronicle  of  the 
progress  of  this  long  history  of  development. 

It  is  now  well  Known  that  in  the  embryonic  development  of 
animals  there  are  traces  of  a  progress  from  lower  or  more  generalized 
to  higher  or  more  specialized  types.  Since  Mr.  Darwin's  great  work 
appeared,  naturalists  have  devoted  a  vast  amount  of  research  to  the 
subject,  and  have  sought  with  persevering  enthusiasm  for  any  indica- 
tions of  a  relation  between  the  order  of  appearance  of  organic  forms 
in  time  and  in  embryonic  development,  ana  for  evidence  that  species 
and  genera  of  plants  and  animals  have  come  into  existence  m  the 
order  which,  according  to  the  theory  of  evolution,  might  have  been 
anticipated. 

It  must  be  conceded  that  on  the  whole  the  testimony  of  the  rooks  is 
in  favour  of  the  doctrine  of  evolution.  That  there  are  difficulties  still 
unexplained  must  be  frankly  granted.  Mr.  Darwin  stronglv  insisted, 
and  with  obvious  justice,  on  the  imperfection  of  the  geological  reoord  •' 
one  great  source  of  these  difficulties.  Objections  to  the  developmeot 
theory  may,  as  shown  by  Mr.  Carruthers,  be  drawn  from  the  observed 
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order  of  Buccession  of  plants,  and  the  absence  of  transitional  forms  among 
them.  Ferns,  equisetnms,  and  lycopods  appear  as  far  back  as  the  Old 
Ked  Sandstone,  not  in  simple  or  more  generalized,  but  in  more  complex 
Bf  ructnres  than  their  living  representatives.  The  earliest  known  conifers 
were  well-developed  trees  with  woody  stmctnre  and  fruits  as  highly 
differentiated  as  those  of  their  living  representatives.  The  oldest 
dicotyledons  yet  found,  those  of  the  upper  Cretaceous  formations,  contain 
representatives  of  the  three  great  divisions  of  Apetalse,  Monopeialse,  and 
Polypddleej  in  the  same  deposit.  These  •'  are  not  generalized  types,  but 
differentiated  forms  which,  during  the  intervening  epochs,  have  not 
developed  even  into  higher  generic  groups."  ^ 

Professor  A.  Agassiz  has  recently  drawn  attention  to  the  parallelism 
between  embryonic  development  and  palasontological  history.  Taking 
the  sea-urchins  as  an  illustrative  group,  he  points  out  the  interesting 
analogies  between  the  immature  conditions  of  living  forms  and  the 
appearance  of  corresponding  phases  in  fossil  genera.  He  admits,  how- 
ever, that  no  early  type  has  yet  been  discovered  whence  star-fishes, 
sea-urchins,  or  ophiurans  might  have  sprung ;  that  the  several  orders  of 
echinoderms  appear  at  the  same  time  in  the  geological  record,  and  that 
it  is  impossible  to  trace  anything  like  a  sequence  of  genera  or  direct 
filiation  in  the  palseontological  succession  of  the  echinids,  though  he 
does  not  at  all  dispute  the  validity  of  the  theory  which  regards  the 
present  echinids  as  having  come  down  in  direct  succession  from  those  of 
older  geological  times.*  In  the  case  of  the  numerous  genera  which  have 
continued  to  exist  without  interruption  from  early  geological  periods 
and  have  been  termed  **  persistent  types,"  it  is  impossible  not  to  admit 
that  the  existing  forms  are  the  direct  descendants  of  those  of  former  ages. 
If,  then,  some  genera  have  unquestionably  been  continuous,  the  evolu- 
tionist argues,  it  may  reasonably  be  inferred  that  continuity  has  been 
the  law,  and  that  even  where  the  successive  steps  of  the  change  cannot 
be  traced,  every  genus  of  the  living  world  is  genetically  related  to  other 
genera  now  extinct. 

Among  the  fossil  mammalia  many  indications  have  been  pointed  out 
of  an  evolution  of  structure.  Of  these,  one  of  the  best  known  and  most 
striking  is  the  genealogy  of  the  horse,  as  worked  out  by  Professor 
0.  C.  Marsh.*  The  origuial,  and  as  yet  undiscovered,  ancestor  of  our 
modem  horse  had  five  toes  on  each  foot.  In  the  oldest  known  equine 
type  (Eohippus — an  animal  about  the  size  of  a  fox,  belonging  to 
the  early  part  of  the  Eocene  period)  there  were  four  well-developed 
toes,  with  the  rudiment  of  a  fifth,  on  each  fore-foot,  and  three  on  each 
hind  foot.  In  a  later  part  of  the  same  geological  period  appeared  the 
Orohippus,  a  creature  of  about  the  same  size,  but  with  only  four  toes  in 
front  and  three  behind.  Traced  upwards  into  younger  divisions  of  the 
Tertiary  series,  the  size  of  the  animal  increases,  but  the  number  of 
digits  diminishes,  until  we  reach  the  modem  Equus,  with  its  single  toe 
and  rudimentary  splint-bones. 

Another  remarkable  example,  that  of  the  camels,  is  cited  by 
Professor  E.  D.  Cope.    The  succession  of  genera  is  seen  in  ihe  same 

>  Oarruthera,  Oeol  Mag.  1876.  p.  362. 

*  Ann,  Maa.  Nat.  Hut.  Nov.  1880,  p.  869.  "Report  on  Echinoidea,"  Challenger 
Expediiion,  toI.  iii  d.  19. 

•  Amer.  Jowm,  8eu  1879,  p.  499. 
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parts  of  the  skeleton  as  in  tHe  case  of  the  horse.  The  metatarsal  and 
metaoarpal  bones  are  or  are  not  co-ossified  into  a  oannon  bone ;  the 
first  and  seoond  superior  incisor  teeth  are  present,  rudimentary  or 
wanting,  and  the  premolar  number  &om  four  to  one.  The  chronological 
succession  of  genera  is  given  by  Mr.  Ck>pe  as  follows : 

No  cannon  bone.  Gannon  bone  present. 

Indaor  teeth  preaent.         Indaors  1  and  2  wanting. 

4premolar8.  3  premolan.    2  premolaa.    1  pranokr. 

Lower  Miooene  •     .    I^oSbiotherimn. 

(Protolabis. 
Ftocamelos. 
Pliauchenia. 

PUooene  and  recent./  Oamelus. 

i  Auchenia. 

According  to  this  table,  the  Camelidas  have  gradually  undergone  a 
consolidation  of  the  bones  of  the  feet,  with  a  great  reduction  in  the 
numbers  of  the  incisor  or  premolar  teeth.  Mr.  Cope  indicates  an 
interesting  parallel  between  the  palaaontological  succession  and  the 
embryonic  history  of  the  same  parts  of  the  skeleton,  in  the  living  oamel.^ 
Among  the  Camivora,  as  M.  Qaudiy  has  pointed  out,  it  is  not  only 
possible  to  trace  the  ancestry  of  existing  species,  but  to  discover  tndts 
of  union  between  genera  which  at  present  seem  far  removed.^ 

It  is  not  necessary  here  to  enter  more  fully  into  the  biological 
aspect  of  this  great  subject.  While  the  doctrine  of  evolution  has 
now  obtained  the  assent  of  the  great  majority  of  naturalists  all  over 
the  globe,  even  the  most  strenuous  upholder  of  the  doctrine  mast 
admit  that  it  is  attended  with  palaeontological  difficulties  which  no 
skill  or  research  has  yet  been  able  to  remove.  The  problem  of 
derivation  remains  insoluble,  nor  perhaps  may  we  hope  for  any 
solution  beyond  one  within  the  most  indennite  limits  of  correctness.' 
But  to  the  palaeontologist  it  is  a  matter  of  the  utmost  importance  to 
feel  assured  that  though  he  may  never  be  able  to  traoe  the  missing 
links  in  the  chain  oi  being,  the  chain  has  been  unbroken  and 
persistent  from  the  beginning  of  geological  time. 

It  was  remarked  above  (p.  619)  that  while  the  general  march  of 
life  has  been  broadly  alike  all  over  the  world  yet  progress  has  been 
more  rapid  in  some  regions  and  perhaps  in  some  grades  of  organic 
being  than  in  others.  It  has  oeen  suggested  that  the  climatic 
changes  which  have  had  so  dominant  an  influence  in  evolution 
would  aflfect  land  plants  before  they  influenced  marine  animals,  and 
several  instances  are  adduced  where  an  older  type  of  marine  fauna 
is  associated  with  a  younger  type  of  terrestrial  flora.  The  flora  of 
Fiinfkirchen  in  Hungary  is  Triassic  in  type  but  occurs  in  strata  which 
have    been  classed  with  the   Pateozoio  Zechstein.      The    upper 

*  American  Naluralitt,  18S0,  p.  172.  M.  Gaudry  traces  an  analogous  prooees  in  the 
foot-bones  of  the  ruminants  of  Tertiary  time,  **  Les  enohalnements  dn  Monde  Animal,'* 
p.  lai. 

«  Op.  cit.  p.  210. 

•  A.  Agassiz,  Op.  ciL  p.  872. 
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Cretaceous  flora  of  Aix  la  Chapelle,  with  its  numerous  dicotyledons, 
has  a  much  more  modem  aspect  than  the  contemporaneous  fauna. 
In  the  Western  Territories  of  North  America  much  controversy  has 
been  raised  as  to  the  position  of  the ''  Lignitic  series/'  its  rich 
terrestrial  flora  having  an  undoubted  Tertiary  fiEU^ies,  while  its  fauna 
is  Cretaceous.  According  to  Fuchs  the  most  important  turning- 
point  in  the  history  of  the  plant-world  is  to  be  found  not,  as  in  the 
case  of  the  terrestrial  fauna,  between  the  Sarmatian  stage  and  the 
CongeriorhedBf  but  on  an  older  horizon,  namely  between  the  first  and 
second  Mediterranean  stage.^ 

From  what  has  now  been  stated  it  will  be  understood  that  the 
existence  of  any  living  specieit  or  genus  of  plant  or  animal  within  a 
certain  geographical  area  is  a  fact  which  cannot  be  explained  except 
by  reference  to  the  geological  history  of  that  species  or  genus.  The 
existing  forms  of  life  are  the  outcome  of  the  evolution  which  has 
been  in  progress  during  the  whole  of  geological  time.  From  this 
point  of  view  the  investigations  of  palaBontological  geology  are 
invested  with  the  profoundest  interest,  for  they  bring  before  us  the 
history  of  that  living  creation  of  which  we  form  a  part. 

vi.  Dootrine  of  Colonies. — ^M.  Barrande,  the  distinguished 
author  of  the  Systeme  SUurien  de  la  Boheme^  drew  attention  more 
than  a  quarter  of  a  century  ago  to  certain  remarkable  intercala^ 
tions  of  fossils  in  the  series  of  Silurian  strata  of  Bohemia.  He 
showed  that,  while  these  strata  presented  a  normal  succession  of 
organic  remains,  tliere  were  nevertheless  exceptional  bcmds,  which, 
containing  the  fossils  of  a  higher  zone,  were  yet  included  on  difierent 
horizons  amon^  inferior  portions  of  the  series.  He  termed  these 
precursory  banos  *^  colonies,"  and  defined  the  phenomena  as  consisting 
in  the  paji;ial  co-existence  of  two  general  fetunas,  which,  considered 
as  a  whole,  were  nevertheless  successive.  He  supposed  that  during 
the  later  stages  of  his  second  Silurian  fietuna  in  Bohemia  the  first 

S bases  of  the  third  fauna  had  already  appeared,  and  attained  some 
egree  of  development  in  some  neighbouring  but  yet  unknown 
region.  At  intervals,  corresponding  doubtless  to  geographical 
changes,  such  as  movements  of  subsidence  or  elevation,  volcanic 
eruptions,  &c.,  communication  was  opened  between  that  outer  region 
and  the  basin  of  Bohemia.  During  these  intervals  a  greater  or  less 
number  of  immigrants  succeeded  in  making  their  way  into  the 
Bohemian  area,  but  as  the  conditions  for  their  prolonged  continuance 
there  were  not  yet  favourable,  they  soon  died  out,  and  the  normal 
fauna  of  the  region  resumed  its  occupancy.  The  deposits  formed 
during  these  partial  interruptions,  notably  eraptolitic  schists,  and 
calcareous  bands,  accompanied  by  igneous  weets,  contain,  besides 
the  invading  species,  remains  of  some  of  the  indigenous  forms. 
Eventually,  however,  on  the  final  extinction  of  the  second  fauna, 
and,  we  may  suppose,  on  the  ultimate  demolition  of  the  physical 

>  E.  Weias,  Neu9$  Jahth,  1S7S,  p.  180;  also  Z  DeiUteh,  GeoL  Gt$.  zxix.  p.  252. 
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barriers  hitherto  only  occasionally  and  temporarily  broken,  the  third 
fauna,  which  had  already  sent  successive  colonies  into  the  Bohemian 
area,  now  swarmed  into  it,  and  peopled  it  till  the  close  of  the  Silnrian 
period.^ 

This  original  and  ingenious  doctrine  has  met  with  much  opposi- 
tion on  the  part  of  geologists  and  palaeontologista  Of  the  facts  cited 
by  M.  Barrande  there  has  been  no  question,  but  other  explanations 
have  been  suggested  for  them.  It  nas  been  said,  for  example,  that 
the  so-called  colonies  are  merely  bands  of  the  Upper  Silurian  rocks 
or  third  fauna,  which  by  great  plications  or  fractures  have  been  so 
folded  with  the  older  rocks  as  to  seem  regularly  interstratified  with 
them,'  the  fossils  of  the  colonies  showing  little  or  no  mixture  of 
Lower  Silurian  fossils,  such  as  might  have  been  expected  had 
they  been  really  coeval.  But  the  author  of  the  Sysieme  SUurien 
contends  that  of  such  foldings  or  fractures  there  is  no  evidence,  but 
that,  on  the  contrary,  the  sequence  of  the  strata  appears  normal  and 
undisturbed.  Again,  it  has  been  urged  that  the  difference  of  organic 
contents  in  these  so-called  colonies  is  due  merely  to  a  difference  in 
the  conditions  of  water  and  sea-bottom,  particular  species  appearing 
with  the  conditions  favourable  to  their  q)read,  and  disappearing 
when  these  ceased.  But  this  contention  is  really  included  in  M. 
Barrande's  theory.  The  species  which  disappear  and  reappear  in 
later  stages  must  have  existed  in  the  meanwhile  outside  of  tne  area 
of  deposit,  which  is  precisely  what  he  has  sought  to  establish.  It 
has  been  further  alleged  that  no  other  examples  have  ever  been 
found  of  the  fauna  of  one  distinct  geological  formation  appearing 
unmixed  in  a  formation  of  older  date.  Much  of  the  opposition 
which  his  views  have  encountered  has  probably  arisen  from  the  feeling 
that  if  thev  are  admitted  they  must  weaken  the  value  of  palseonto- 
logical  evidence  in  defining  geological  horizons.  A  palaBontologist^ 
who  has  been  accustomed  to  deal  with  certain  fossils  as  un£euling 
indications  of  particular  portions  of  the  geological  series,  is  naturally 
unwilling  to  see  his  generalizations  upset  b^  an  attempt  to  show 
that  the  fossils  may  occur  on  a  far  earlier  honzon. 

If,  however,  without  entering  into  the  details  of  the  Bohemian 
instances,  we  view  this  question  from  the  broad  natural  history 
platform  from  which  it  was  regarded  by  M.  Barrande,  it  is  impossible 
not  to  admit  that  such  phenomena  as  he  has  sought  to  establish  in 
Bohemia  must  have  often  occurred  in  all  geological  periods  and  in 
all  parts  of  the  world.  No  one  now  believes  in  the  sudden  extinction 
and  creation  of  entire  faunas.  Every  great  fauna  in  the  earth's 
history  must  have  gradually  grown  out  of  some  pre-existing  one, 
and  must  have  insensibly  graduated  into  that  which  succeeded. 

*  The  dootrine  of  colonies  is  developed  in  the  **  Syst^me  SUurien  du  oen^  de  U 
Bohbme,"  1852,  i.  p.  78 ;  "  Colonies  dans  le  bassin  Silorien  de  la  Boh^e,"  in  BufL  8oc 
G4ol.  France  (2nd  ser.),  xvii.  (1859),  p.  602 ;  -Defense  des  Colonies,"  Prague,  i  (1861). 
ii.  (1862),  iii.  (1865),  iv.  (1870),  v.  nSSl). 

*  This  contention  has  recently  been  revived  by  Mr.  J.  B.  Marr,  who  has  gone  over 
the  ground  in  dispute  in  Bohemia.    Q.  /.  Oeol,  Soc,  Kov.  1880,  p.  605. 
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The  occurrence  of  two  very  distinct  fannaa  in  two  closely  consecutive 
series  of  strata  does  not  prove  that  the  one  abruptly  died  out  and  the 
other  suddenly  appeared  in  its  place.  It  only  shows,  as  Darwin  has 
so  well  enforced,  the  imperfection  of  the  geological  record.  In  the 
interval  between  the  formation  of  two  such  contrasted  groups  of 
rocks  the  fauna  of  the  lower  strata  must  have  continued  to  exist 
elsewhere,  and  gradually  to  change  into  the  newer  facies  which 
appeared  when  sedimentation  recommenced  with  the  upper  strata. 
Distinct  zoological  provinces  have  no  doubt  been  separated  by 
narrow  barriers  in  former  geological  Deriods,  as  they  still  are  to-day. 
There  seems,  therefore,  every  prooability  that  such  migrations 
as  M.  Barrande  has  supposed  in  the  case  of  the  Silurian  fiiuna  of 
Bohemia  have  again  and  again  taken  place. 

That  examples  of  these  migrations  have  not  been  more  frequently 
observed  arises  doubtless  from  the  inherent  imperfection  of  the  geological 
record  and  from  the  difficulty  of  obtaining  the  requisite  palaeontological 
and  stratigraphical  data.  But  that  remarkable  instances  of  precursory 
appearances,  apparently  complete  disappearances,  and  long  subsequent 
reappearances  oi  fossil  forms  have  been  chronicled  among  the  stratified 
formations  can  admit  of  no  doubt.  One  of  the  most  interesting  of  these 
may  be  quoted  here  from  its  bearing  on  the  Bohemian  evidence  of 
M.  Barrande.  Among  the  Lower  Silurian  rocks  of  the  south  of  Scotland 
certain  black  anthracitio  shales  have  long  been  known  to  extend  for 
many  miles  along  the  strike  of  the  strata  from  Mofifatdale  towards  the 
north-east  and  south-west.  They  contain  a  profusion  of  graptolites, 
which,  however,  are  almost  wholly  confined  to  these  dark  bands.  The 
associated  grey  shales,  greywackes,  and  grits  are  usually  barren  of 
organic  remains,  but  on  every  horizon  of  black  shales  the  graptolites 
reappear.  The  total  maximum  thickness  of  the  black- shale  group  may 
be  from  400  to  500  feet.  Over  these  strata  comes  a  series  of  massive 
greywacke,  grit,  and  blue  and  grey  shale,  with  a  thickness  of  at  least 
8000  or  10,000  feet,  in  which  hardly  any  trace  of  an  organism  has 
been  met  with,  though  in  some  of  the  gritty  and  calcareous  bands 
enorinites,  petraia^  trilobites,  and  a  few  brachiopods  have  been  obtained. 
Next  in  succession  lies  another  zone  of  black  shale,  in  which  the  same 
graptolites  once  more  reappear  in  extraordinary  abundance.  These 
organisms  could  evidently  only  flourish  in  the  black  carbonaceous  mud. 
When  the  conditions  for  the  deposit  of  this  sediment  ceased  the  grapto- 
lites died  out  in  the  district,  though  they  continued  to  live  in  other 
areas  where  they  could  find  their  appropriate  habitat.  No  sooner, 
however,  did  the  dark  mud  spread  once  more  over  the  distiiot  than  the 
graptolites  swarmed  in  again  and  re-occupied  their  former  sites.  The 
interval  of  time  represented  by  the  8000  or  10,000  feet  of  strata  between 
the  two  black-shale  zones  must  have  been  great,  if  estimated  in  years, 
yet  it  seems  to  have  been  accompanied  with  but  little  change  in  the 
graptolite  &una,  though  a  few  species  occur  in  the  later  which  have 
not  been  met  with  in  the  older  zone.^ 

>  The  order  of  Baoceasion  of  theae  Silurian  strata  has  been  worked  ont  in  detail  by 
the  officers  of  the  Geological  Survey  across  the  whole  of  the  south  of  Scotland^  and  has 
been  established  by  an  oYerwbelming  mass  of  eyidence. 
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Numerous  iUtustsutions  of  the  intimate  connection  between  tbe 
appearance  or  reappearance  of  organic  forms  and  the  existence  of  certain 
phjBioal  conditions  are  to  be  found  in  formations,  partly  of  a  fluTiatile  or 
estuarine,  and  partly  of  marine  origin.  The  Ca^bomferooB  Ldniestons 
of  Scotland  furmshes  instructive  examples.  This  formation  cooaisti  of 
three  divisions,  llie  lowest  of  these  contains  some  thick  persiaient 
bands  of  crinoidal  limestone,  which  with  their  accompanying  shales 
enclose  an  abundant  marine  fauna.  The  central  group  consists  mainly  of 
sandstones  and  shales,  with  numerous  seams  of  coal  and  iroDstone. 
With  a  maximum  thickness  of  fully  1500  feet,  it  contains  in  abundance 
the  remains  of  terrestrial  vegetation,  but  the  corals,  crinoids,  producti, 
spirifers,  orthidaa,  <&c.,  so  profusely  developed  in  the  limestones  below 
are  entirely  absent,  while  other  forms  (anthracosioj  anihraeomfOy  rftuodn, 
gpracanthus,  &c.\  either  unknown  or  rare  among  the  limestones,  take 
their  place.  It  certainly  might  be  thought  that  the  older  marine  &una 
had  become  extinct.  Yet  that  this  was  not  the  case  is  proved  by  the 
reappearance  of  many  of  the  old  forms  in  an  upper  group  of  marine 
limestone  forming  the  highest  zone  of  the  series.  These  organisms  had 
been  driven  out  of  the  area  by  a  change  of  conditions,  but  aa  soon  as 
these  un&Tonrable  conditions  passed  away,  reappeared  fix>m  some 
neighbouring  region,  where  they  bad  continued  to  five  and  snffer  sl^ht 
modification.^ 

*  For  fhrther  illustratioDa  of  the  early  appearance  and  long  gonrival  of  speciei  aet 
poiloa,  pp.  7U,  716,  849. 


Digitized  by 


Google 


(    631     ) 


BOOK  VI. 

STRATIGRAPHICAL  GEOLOGY. 

This  branch  of  the  science  arranges  the  rocks  of  the  earth's  crust  in 
the  order  of  their  appearance,  and  interprets  the  sequence  of  events 
of  which  they  form  the  records.  Its  province  is  to  cull  from  the 
other  departments  of  geology  the  facts  which  may  be  needed  to  show 
what  has  been  the  progress  of  our  planet,  and  of  each  continent  and 
country,  from  the  earliest  times  of  which  the  rocks  have  preserved 
any  memorial.  Thus  from  Mineralogy  and  Petrography  it  obtains 
information  regarding  the  origin  and  subsequent  mutations  of 
minerals  and  rocks.  From  Dynamical  Geology  it  learns  by  what 
agencies  the  materials  of  the  earth's  crust  have  been  formed,  altered, 
broken,  or  upheaved.  From  Geotectonic  Geology  it  understands 
how  these  materials  have  been  built  up  into  the  complicated  crust 
of  the  earth.  From  PalaBontological  Geology  it  receives  in  well- 
determined  fossil  remains  a  clue  by  which  to  discriminate  the 
different  stratified  formations,  and  to  trace  the  grand  onward  march 
of  organized  existence  upon  the  planet.  Stratigraphical  geology 
thus  gathers  up  the  sum  of  all  that  is  made  known  by  the  other 
departments  of  the  science,  and  makes  it  subservient  to  the 
interpretation  of  the  geological  history  of  the  earth. 

The  leading  principles  of  stratigraphy  may  be  summed  up  as 
follows : 

1.  In  every  stratigraphical  research  the  fundamental  reauisite  is 
to  establish  the  order  of  superposition  of  the  strata.  Untu  this  is 
accomplished  it  is  impossible  to  arrange  the  relative  dates  and  make 
out  the  sequence  of  geological  history. 

2.  The  stratified  portion  of  the  earth's  crust,  or  Geological 
Kecord,  may  be  subdivided  into  natural  groups  or  formations  of 
strata,  each  marked  throughout  by  some  common  genera  or  species 
of  organic  remains,  or  by  a  general  resemblance  in  their  palseon- 
tological  fr^pe  or  character. 

S.  Living  species  of  plants  and  animals  can  be  traced  downward 
into  the  more  recent  geological  formations;  but  grow  fewer  in 
number  as  they  are  followed  into  more  ancient  deposits.  With  their 
disappearance  we  encounter  other  species  and  genera  which  are  no 
longer  living.    These  in  turn  may  oe  traced  backward  into  earlier 
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formations^  till  they  too  cease,  and  their  places  are  tak^i  bv  yet 
older  forms.  It  is  thns  shown  that  the  stratified  rocks  contain  the 
records  of  a  gradual  progression  of  organic  types.  A  species  which 
has  once  died  out  does  not  seem  ever  to  have  reappeared.  But  as 
has  been  already  pointed  out  in  reference  to  Barrande's  doctrine  of 
colonies,  a  species  may  >\ithin  a  limited  area  appear  in  a  formation 
older  than  that  of  which  it  is  elsewhere  cnaracteristic,  having 
temporarily  migrated  into  the  district  from  some  neighbouring 
region  where  it  had  already  established  itself. 

4.  When  the  order  of  succession  of  organic  remains  among  the 
stratified  rocks  has  once  been  accurately  determined,  it  becomes  an 
invaluable  guide  in  the  investigation  of  the  relative  age  and  struc- 
tural arrangements  of  rocks.  Each  zone  or  group  of  strata,  being 
characterized  by  its  own  species  or  genera,  may  be  recognized  bj 
their  means,  and  the  true  succession  of  strata  may  thus  be  confidently 
established  even  in  a  country  wherein  the  rocks  have  been  greatly 
fractured,  folded,  or  inverted. 

5.  The  relative  chronological  value  of  the  divisions  of  the 
Geological  Becord  is  not  to  be  measured  by  mere  depth  of  strata. 
While  a  great  thickness  of  stratified  rock  may  be  reasonably  assumed 
to  mark  the  passage  of  a  long  period  of  time,  it  cannot  safely  be 
affirmed  that  a  much  less  thickness  elsewhere  represents  a  corre- 
spondingly diminished  period.  The  tnith  of  this  statement  may 
sometimes  be  made  evident  by  an  unconformability  between  two  sets 
of  rocks,  as  has  already  been  explained.  The  total  depth  of  both 
groups  together  may  be,  say  1000  feet.  Elsewhere  we  may  find  a 
single  unbroken  formation  reaching  a  depth  of  10,000  feet ;  but  it 
would  be  utterly  erroneous  to  conclude  that  the  latter  represents  ten 
times  the  duration  indicated  by  the  two  former.  So  far  from  this 
being  the  case,  it  might  not  be  difficult  to  show  that  the  minor 
thickness  of  rock  reallv  denoted  by  far  the  longer  geological  interval. 
If,  for  instance,  it  could  be  proved  that  the  upper  part  of  both  the 
sections  lay  on  one  and  the  same  geological  platform,  but  that  the 
lower  unconformable  series  in  the  one  locality  belonged  to  a  fur 
lower  and  older  system  of  rocks  than  the  base  oi  the  thick  conform- 
able series  in  the  other,  then  it  would  be  clear  that  the  gap  marked 
by  the  unconformability  really  indicated  a  longer  period  than  the 
massive  succession  of  deposits. 

6.  Fossil  evidence  furnishes  the  chief  means  of  comparing  the 
relative  chronological  value  of  groups  of  rock.  A  break  in  the 
succession  of  organic  remains  marks  an  interval  of  time  often  un- 
represented by  strata  at  the  place  where  the  break  is  found.  The 
relative  importance  of  these  breaks,  and  therefore,  probably,  the 
comparative  intervals  of  time  which  they  mark,  may  be  estimated 
by  the  difiference  of  the  facies  of  the  fossils  on  each  side.  If,  for 
example,  in  one  case  we  find  every  species  to  be  dissimilar  above  and 
below  a  certain  horizon,  while  in  another  locality  only  half  of  the 
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species  on  each  side  of  a  band  are  peculiar^  we  naturally  infer^  if  the 
total  number  of  species  seeras  lar^e  enough  to  warrant  the  inference, 
that  the  interval  marked  by  the  lormer  break  was  very  much  longer 
than  that  marked  by  the  latter.  But  we  may  go  further  and  compare 
by  means  of  fossil  evidence  the  relation  between  breaks  in  the  succes- 
sion of  organic  remains  and  the  depth  of  strata  between  them. 

Three  series  of  fossiliferous  strata.  A,  C,  and  H,  may  occur  con- 
formably above  each  other.  By  a  comparison  of  the  fossil  contents 
of  all  parts  of  A,  it  may  be  ascertained  that,  while  some  species  are 
peculiar  to  its  lower,  others  to  its  higher  portions,  yet  the  majority 
extend  throughout  the  group.  If  now  it  is  found  that  of  the 
total  number  of  species  in  the  upper  portion  of  A  only  one-third 
passes  up  into  C,  it  may  be  inferred  witn  some  probability  that  the 
time  represented  by  the  break  between  A  and  O  was  really  longer 
than  that  required  for  the  accumulation  of  the  whole  of  the  group 
A.  It  might  even  be  possible  to  discover  elsewhere  a  thick  in- 
termediate group  B  filling  up  the  gap  between  A  and  C.  In  like 
manner  were  it  to  be  discovered  that,  while  the  whole  of  the  group 
G  is  characterized  by  a  common  suite  of  fossils,  not  one  of  the 
species  and  only  one  half  of  the  genera  pass  up  into  H,  the  inference 
could  hardly  be  resisted  that  the  gap  between  the  two  groups 
marks  the  passage  of  a  far  longer  interval  than  was  needed  K>r  the 
deposition  of  the  whole  of  C.  And  thus  we  reach  the  remarkable 
conclusion  that,  thick  though  the  stratified  formations  of  a  country 
may  be,  in  some  eases  they  may  not  represent  so  long  a  total  period 
of  time  as  do  the  gaps  in  their  succession, — ^in  other  words,  that  non- 
deposition  has  been  m  some  areas  more  ireauent  and  prolonged  than 
deposition,  or  that  the  intervals  of  time  which  have  been  recorded 
by  strata  have  sometimes  not  been  so  long  as  those  which  have  not 
been  so  recorded. 

In  all  speculations  of  this  nature,  however,  it  is  necessary  to 
reason  from  as  wide  a  basis  of  observation  as  possible,  seeing  that  so 
much  of  the  evidence  is  negative.  Especially  needful  is  it  to  bear 
in  mind  that  the  cessation  of  one  or  more  species  at  a  certain  line 
among  the  rocks  of  a  particular  district  may  mean  nothing  more 
than  that,  owing  to  some  change  in  the  conditions  of  life  or  of 
deposition,  these  species  were  compelled  to  migrate,  or  became 
locally  extinct  at  the  time  marked  by  that  line.  They  may  have 
continued  to  flourish  abimdantly  in  neighbouring  districts  for  a  long 
period  afterward.  Many  examples  of  this  obvious  truth  might  be 
cited.  Thus  in  a  great  succession  of  mingled  marine,  brackish-water, 
and  terrestrial  strata,  like  that  of  the  Carboniferous  Limestone  series 
of  Scotland,  corals,  crinoids,  and  brachiopods  abound  in  the  lime- 
stones and  accompanying  shales,  but  grow  fewer  or  disappear  in  the 
sandstones,  ironstones,  clays,  coals,  and  bituminous  shales.  An 
observer  meeting  for  the  first  time  with  an  instance  of  this  dis- 
appearance, and  remembering  what  he  had  read  about  '^  breaks  in 
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Buccession,"  might  be  tempted  to  specnlate  about  the  extinetioii  of 
these  organisms,  and  their  replacement  by  other  and  later  fonns  of 
life,  such  as  the  ferns,  lycopods,  ganoid  fishes,  and  other  fossils  so 
abundant  in  the  overlying  strata.  But  further  research  would  show 
him  that,  high  above  the  plant-bearing  sandstones  and  coals,  otiier 
limestones  and  shales  mignt  be  observed,  charged  with  the  same 
marine  fossils  as  before,  and  still  farther  overlying  groups  of  sand- 
stones, coals,  and  carbonaceous  beds  followed  by  yet  higher  marine 
limestones.  He  would  thus  learn  that  the  same  organisms,  after 
being  locally  exterminated,  returned  again  and  again  to  the  same 
area.  Such  a  lesson  would  probably  teach  him  to  pause  before 
too  confidently  asserting  that  the  highest  bed  in  which  certein 
fossils  can  be  detected,  marks  really  their  final  appearance  in 
the  history  of  life.  An  interruption  in  the  succession  of  fooslB 
majr  thus  be  merely  temporary  or  local,  one  set  of  organisms 
having  been  driven  to  a  different  part  of  the  same  region,  while 
another  set  occupied  their  place  until  the  first  was  enabled  to 
return. 

7.  The  Geological  Eecord  is  at  the  best  but  an  imperfect 
chronicle  of  the  geological  history  of  the  earth.  It  abounds  in  gaps, 
some  of  which  have  been  caused  by  the  destruction  of  strata  owing 
to  metamorphism,  denudation,  or  otherwise,  some  by  original  non- 
deposition,  as  above]expIained.  Nevertheless  it  is  from  this  record  that 
the  proffress  of  the  earth  is  chiefly  traced.  It  contains  the  registers  of 
the  Dirtns  and  deaths  of  tribes  of  plants  and  animals  which  have  from 
time  to  time  lived  on  the  earth.  Probably  only  a  small  proportion 
of  the  total  number  of  species  which  have  appeared  in  past  time  have 
been  thus  chronicled,  yet  by  collecting  the  broken  fragments  of  the 
record  an  outline  at  least  of  the  history  of  life  upon  the  earth  can  be 
deciphered. 

It  cannot  be  too  frequently  stated,  nor  too  prominently  kept  in 
view,  that,  although  gaps  occur  in  the  succession  of  organic  remains 
as  recorded  in  the  rooks,  there  have  been  no  such  blank  intervals  in 
the  progress  of  plant  and  animal  life  upon  the  globe.  The  march  of 
life  has  been  unbroken,  onward  and  upward.  Geological  history, 
therefore,  if  its  records  in  the  stratified  formations  were  perfect,  ought 
to  show  a  blending  and  gradation  of  epoch  with  epoch,  so  that  no 
sharp  divisions  of  its  events  could  be  made.  But  the  record  of  the 
historjr  has  been  constantly  interrupted ;  now  by  upheaval,  now  by 
volcanic  outbursts,  now  by  depression,  now  by  protracted  and 
extensive  denudation.  These  interruptions  serve  as  natural  divisions 
in  the  chronicle,  and  enable  the  geologist  to  arrange  his  history  into 
periods.  As  the  order  of  succession  among  stratified  rocks  was  first 
made  out  in  Europe,  and  as  many  of  the  gaps  in  that  succession  were 
found  to  be  widespread  over  the  European  area,  the  divisions  which 
experience  established  for  that  portion  of  the  globe  came  to  be 
regarded  as  typical,  and  the  names  adopted  for  them  were  applied  to 
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the  rocks  of  other  and  far  distant  regions.  This  application  has 
brought  out  the  fact  that  some  of  the  most  marked  geoio^cal  breaks 
in  Europe  do  not  exist  elsewhere,  and,  on  the  other  hand,  that  some 
portions  of  the  record  are  much  more  complete  there  than  in  other 
regions.  Hence,  while  the  general  similarity  of  succession  may 
remain,  different  subdivisions  and  nomenclature  are  required  as  we 
pass  from  continent  to  continent. 

A  bed,  or  limited  number  of  beds,  characterized  by  one  or  more 
distinctive  fossils,  is  termed  a  zone  or  horizon,  and,  as  already 
mentioned,  is  often  known  by  the  name  of  a  typical  fossil,  as  the 
different  zones  in  the  Lias  are  by  their  special  species  of  ammonite. 
Two  or  more  such  zones,  united  by  the  occurrence  in  them  of  a 
number  of  the  same  characteristic  species  or  genera,  may  be  called 
beds  or  an  assise,  as  in  the  "Micraster  beds  or  assise  "of  the 
Cretaceous  system,  which  include  the  zones  of  M.  coT'testudinarium 
and  M.  cor-anguinum.  Two  or  more  sets  of  such  connected  beds  or 
assises  may  be  termed  a  group  or  stage  (^tage).  A  number  of 
groups  or  stages  similarly  related  constitute  a  series,  section 
(Abtheilung),  or  formation,  and  a  number  of  series,  sections,  or 
lormations  may  be  united  into  a  system,^ 

The  nomenclature  adopted  for  these  subdivisions  bears  witness  to 
the  rapid  growth  of  geology.  It  is  a  patch-work  in  which  no 
uniform  system  nor  language  has  been  adhered  to,  but  where  the 
influences  hj  which  the  progress  of  the  science  has  been  moulded 
may  be  distmctly  traced.  &>me  of  the  earliest  names  are  lithologi- 
cal,  and  remind  us  of  the  fact  that  mineralogy  and  petrography 

*  The  nnifiofttion  of  geolM^oal  nomendahire  tbronghont  the  world  is  one  of  the 
objects  aimed  at  by  the  reoBOUj  iostitated  **  International  Qeologioal  Oongress,"  which 
at  its  late  meeting  at  Bologna  reoonmiended  the  adoption  of  the  foUowing  terma^  the 
most  oomprehensiye  being  placed  first : 


Divisions  of  sedimentary  formations. 

Corresponding  chronological  terms. 

Gronp. 

£n. 

S]rrt€in. 

Period. 

Striea. 

Epoch. 

SUge. 

Age. 

As  equivalents  of  Seriesy  the  terms  Section  or  AhtheiUmg  may  be  used ;  sm  a  subdivision 
of  stage,  the  words  Beds  or  Assise, 

"  According  to  this  scheme,"  Mr.  Topley,  one  of  the  secretaries,  remarks, "  wo  would 
speak  of  the  Palieozoic  Group  or  Era,  the  Silurian  System  or  Period,  the  Ladlow  Series 
or  Epoch,  and  the  Aymestry  Stage  or  Age.  The  term  'formation'  raises  a  difficulty, 
because  this  word  is  used  by  English  geologists  in  a  sense  unknown  abroad.  To  bring 
our  nomenclature  into  conformity  with  that  of  other  nations  it  will  be  necessary  to  use 
the  word  only  as  descriptive  of  Uie  mode  of  formation,  or  of  the  material  composing  the 
rock.  We  may  speak  of  the  *  Carboniferous  Formation '  as  a  ^up  of  beds  contaming 
coal :  but  not  as  a  name  for  a  set  of  rocks  apart  fh>m  the  mmeral  contents.  In  like 
manner,  we  may  speak  of  the  *  Chalk  Formation '  but  not  ef  the '  Cretaceous  Forma- 
tion.' "  {Ged,  Mag,  ISSl,  p.  557.)  It  mav  be  doubted  whether  the  recommendations 
of  any  congress,  international  or  other,  will  be  powerful  enough  to  alter  the  established 
ufAgee  of  a  language.  The  term  group  has  been  so  universaUy  employed  in  English 
literature  for  a  division  subordinate  hi  value  to  series  and  system  that  the  attempt  to 
alter  its  significance  would  introduce  far  more  confusion  than  can  possibly  arise  from 
its  retention  in  the  accustomed  sense. 
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$  receded  geology  in  the  order  of  birth — Chalk,  Oolite,  Greensand, 
[illstone  Grit.  Others  are  topographical,  and  bear  witness  to  the 
localities  where  formations  were  nrst  observed,  or  are  typically 
developed — Oxfordian,  Portlandian,  Eimeridgian,  Jarassic,  Khastic, 
Permian,  Neocomian.  Others  are  taken  from  local  English 
provincial  names,  and  remind  us  of  the  special  debt  we  owe  to 
William  Smith,  bv  whom  so  many  of  them  were  first  used — Lias, 
Gault,  Crag,  Combrash.  Others  recognize  an  order  of  superposition 
as  already  established  among  formations — Old  Red  Sandstone,  New 
Bed  Sandstone ;  while  still  another  class  is  founded  upon  numerical 
considerations — Dyas,  Trias.  By  common  consent  it  is  admitted  that 
names  taken  from  the  region  where  a  formation  or  group  of  rocks  is 
typically  developed,  are  best  adapted  for  general  use.  Cambrian, 
Silurian,  Devonian,  Permian,  Jurassic,  are  of  this  class,  and  have 
been  adopted  all  over  the  globe. 

But  whatever  be  the  name  chosen  to  designate  a  particular 
group  of  strata,  it  soon  comes  to  be  used  as  a  chronolopcal  or 
homotaxial  term,  apart  altogether  from  the  lithological  character 
of  the  strata  to  which  it  is  applied.  Thus  we  speak  of  the  Chalk  or 
Cretaceous  system,  and  embrace  under  that  term  formations  which 
may  contain  no  chalk ;  and  we  may  describe  as  Silurian  a  series  of 
strata  utterly  unlike  in  lithological  characters  to  the  formations  in 
the  typical  Silurian  country.  In  using  these  terms  we  unconsciously 
adopt  the  idea  of  relative  date.  Hence  such  a  word  as  Chalk  or 
Cretaceous  does  not  so  much  suggest  to  the  geologist  the  group  of 
strata  so  called,  as  the  interval  of  geological  history  which  these 
strata  represent.  He  speaks  of  the  Cretaceous,  Jurassic,  and  Cam- 
brian periods,  and  of  the  Cretaceous  fauna,  the  Jurassic  flora,  the 
Cambrian  trilobites,  as  if  these  adjectives  denoted  simply  epochs  of 
geological  time. 

The  Geological  Kecord  is  classified  into  five  main  divisions : — (1) 
the  Arch  SB  an,  sometimes  called  Azoic  (lifeless),  or  Eozoic  (dawn  of 
life);  (2)  the  Palaeozoic  (ancient  life)  or  Primary;  (3)  the 
Mesozoic  (middle  life)  or  Secondary ;  (4)  the  Cainozoic  (recent 
life)  or  Tertiary,  and  (5)  the  Post-Tertiaiy  or  Quaternary.  These 
divisions  are  further  ranged  into  systems,  each  system  into  series, 
sections,  or  formations,  each  formation  into  groups  or  stages,  and 
each  group  into  single  zones  or  horizons.  The  following  generalized 
table  exhioits  the  order  in  which  the  chief  subdivisions  appear. 
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PAET  I. — Archaean. 

§  1.    General  Characters. 

From  underneath  the  most  ancient  fossih'ferous  stratified 
formations  there  rises  to  the  surface  in  many  parts  of  the  globe  a 
series  of  thoroughly  crystalline  schists  and  massive  rocks.  These 
fundamental  formations  have  been  regarded  by  some  writers  as 
portions  of  the  primeval  crust  of  the  globe— traces  of  the  surface  that 
first  congealea  upon  the  molten  nucleus.  They  are  regarded  by 
others  as  probably  metamorphosed  sediments  which  may  belong  to 
many  different  periods  of  geological  history.  Apart  from  the 
disputed  question  of  their  origin,  tney  are  everywhere  acknowledged 
to  include  the  oldest  known  rocks.  Hence  in  so  far  as  geological 
history  is  recorded  in  rock-formations  the^  must  be  taken  as  its 
starting-point.  In  attempting  to  fix  their  relative  date  we  first 
observe  that  they  lie  unconformablv  below  succeeding  formations. 
But  this  relation  obviously  goes  only  a  short  way  in  establishing 
their  chronology.  Nor  are  lithological  characters  much  more 
valuable  for  the  purpose.  It  must  be  conceded  that  these  rocks  may 
have  originated  at  many  widely  separated  neriods  of  early  geological 
time,  but  that  as  yet  no  means  have  been  aevised  of  establishing  any 
generally  applicable  tests  of  their  relative  anti(][uity.  Hence  for 
want  of  any  satisfactory  means  of  discrimination,  these  ancient 
crystalline  masses  must  be,  at  least  provisionally,  classed  under  one 
common  name.  They  were  formerly,  and  are  still  by  some  writers, 
called  Primitive;  but  the  term  Archaean,  first  proposed  by  Dana, 
has  been  generally  adopted  for  them  both  in  America  and  in 
Britain. 

Archsean  rocks  everywhere  present  the  same  general  characters. 
For  the  most  part  they  consist  of  gneiss  in  many  varieties,  passing 
into  various  schists,  among  whicn  occur  subordinate  bands  of 
homblendic  and  pyroxenic  rocks,  limestone,  dolomite,  serpentine, 
quartzite,  granhite,  hssmatite,  magnetite,  &c.  The  rocks  have  a 
general  stratined  structure,  but  the  individual  beds  often  present 
fi;reat  irregularities  of  thickness,  being  specially  prone  to  a  lenticular 
development  Occasionally  they  dip  continuously  for  some 
distance  at  angles  of  40^  or  less ;  but  more  usually  they  are  greatly 
plicated,  and  sometimes  exhibit  the  most  extraordinarily  complex 
puckering.  The  gneiss  shades  off  into  a  non-foliated  rock  which 
occurs  with  it  in  alternating  bands,  but  is  in  structure  a  true  granite. 
Occasionally  bands  of  this  granite  wander  across  the  foliation  of  the 
gneiss.  But  they  evidently  belong  to  the  period  and  processes  of 
the  ^eiss  formation,  and  cannot  be  classed  as  later  intrusive 
eruptions.  Everywhere  the  various  bands  of  gneiss,  and  inter- 
stratified  layers  of  schist  or  other  crystalline  rock  are  intimately 
united  to  each  other  by  a  minute  felting  together  of  their  component 
crystals. 
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Though  no  general  order  of  succession  has  been  observed  among 
Archaean  rocks,  there  is  usually  a  difference  between  the  texture  of 
the  lower  and  upper  parts.     The  former  are  commonly  coarser  and 
more  granitoid.    They  oonsist  mainly  of  gneiss,  with  bands  and 
veins  of  granite.     The  upper  portions,  less  coarsely  crystalline,  are 
composed  of  mica-schists,  talc-schists,  chlorite-schists,  and  clay-slates, 
among  which  veins  of  granite  and  other  crystalline  massive  rocks 
are  less  frequent.    In  Central  Europe  there  appears  to  be  a  gradation 
from  the  lowest  up  into  the  latest  portion  of  the  thick  Archs^ui 
series.      In  Canada,  however,  a  marked  line  of  unconformability 
exists  between  the  gneisses  (Laurentian)  and  the  over^'ng  slatee, 
conglomerates,  quartzites,  and  limestones  (Huronian).    Logan  even 
traced  an  unconformability  between  the  lower  and  upper  part  of  the 
gneiss.    The  occurrence  of  occasional  bands  of  coarse  conglomerate 
among  the  Archaean  rocks  in  different  countries,  especially  in  Canada, 
where  they  occur  among  the  limestones   and  schists,  points  to 
elevation  of  hmd,  and  littoral  erosion  during  the  formation  of  ^ese 
rocks. 

The  analogies  between  the  structure  of  Archaean  rocks  and  that 
of  crystalline  schists  which  have  been  produced  by  the  metamor- 
phism  of  ordinary  sedimentary  formations  have  been  already 
pointed  out  (Book  IV.  Fart  YIIL).  The  Archaean  gneisses  and 
schists  are  distinctly  bedded,  and  their  alternations  of  schists,  qnartst- 
ites,  and  marbles,  closely  resemble  those  of  the  shales,  sandstones, 
and  limestones  of  younger  geological  periods.  The  conglomerates 
above  alluded  to  furnish  unquestionable  evidence  of  an  original 
clastic  structure  in  some  of  the  strata.  The  grains,  streaks,  layers, 
and  thicker  zones  of  graphite  in  the  gneiss  remind  the  observer  of 
the  way  in  which  coaJy  matter  is  diffused  through  the  sandstones 
and  shales  of  the  Coal-measures.  Hence  it  is  difficult  to  avoid  the 
inference,  that  these  ancient  crystalline  rocks  represent  former 
marine  sediments. 

In  one  of  the  Archaean  (Laurentian)  limestones  of  Canada,  speci- 
mens have  been  foimd  of  a  remarkable  mixture  of  calcite  and 
serpentine.  These  minerals  are  arranged  in  alternate  layers,  the 
calcite  forming  the  main  framework  of  the  substance,  with  the 
serpentine  (sometimes  loganite,  pyroxene,  &c)  disposed  in  thin, 
wavy,  inconstant  layers,  as  if  filling  up  flattened  cavities  in  the 
calcareous  mass.  So  different  from  any  ordinary  mineral  segregation 
with  which  he  was  acquainted  did  this  arrangement  appear  to  Lc^gan, 
that  he  was  led  to  regard  the  substance  as  probably  of  organic  origin. 
This  opinion  was  adopted,  and  the  structure  of  the  supposed  fossil 
was  worked  out  in  detail  by  Dr.  Dawson  of  Montreal,  who  pro- 
nounced the  organism  to  be  the  remains  of  a  massive  foraminifer 
which  he  called  Eozoon,  and  which  he  believed  must  have  grown  in 
large  thick  sheets  over  the  sea-bottom.  This  opinion  was  confirmed 
by  Dr.  W.  B.  Carpenter,  who,  from  additional  and  better  preserved 
specimens,  described  a  system  of  internal  canals  having  the  cnaracters 
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of  those  in  true  foramiiiiferal  structures.  Other  observers,  notably 
Professors  King  and  Bowney  of  Galway  and  Mobius  of  Kiel,  have 
opposed  the  organic  nature  of  Eozoon^  and  have  endeavoured  to 
show  that  the  supposed  canals  and  passages  are  merelv  infiltration 
yeininffs  of  serpentine  in  the  calcite.  In  some  cases,  however,  the 
"  canal-system '  is  not  filled  with  serpentine  but  with  dolomite,  which 
seems  to  prove  that  the  cavities  must  have  existed  before  either 
dolomite  or  serpentine  was  introduced  into  the  substance.  Dr. 
Carpenter  contends  that  the  disposition  of  these  passages  in  his 
decalcified  specimens  is  very  regular,  and  quite  unlike  any  mineral 
infiltration  with  which  he  is  acquainted.  In  the  ArchaBan  rocks  of 
Bohemia  and  Bavaria  specimens  were  some  years  ago  obtained 
showing  a  structure  like  that  of  the  Canadian  £ozoon«  They  were 
accordingly  described  as  of  organic  origin,  imder  the  respective 
names  of  Eozocn  Boheniicum  and  E.  Bavaricum.  But  their  true 
mineral  nature  appears  to  be  now  generally  admitted. 

The  opinion  of  the  organic  nature  of  Eozoon  has  been  supposed 
to  receive  support  from  the  large  quantity  of  graphite  round 
throughout  the  Archeean  rocks  of  Canada  and  the  northern  parts  of 
the  Imted  States.  This  mineral  occurs  partly  in  veins,  but  chiefly 
disseminated  in  scales  and  laminae  in  the  limestones  and  as  in- 
dependent layers.  Dr.  Dawson  estimates  the  aggregate  amount  of  it 
in  one  band  of  limestone  in  the  Ottawa  district  as  not  less  than  from 
20  to  80  feet,  and  he  thinks  it  is  hardly  an  exaggeration  to  say  that 
there  is  as  much  carbon  in  the  Laurentian  as  in  equivalent  areas  of 
the  Carboniferous  system.  He  compares  some  of  the  pure  bands  of 
graphite  to  beds  of  coal,  and  maintains  that  no  other  source  for  their 
origin  can  be  imagined  than  the  decomposition  of  carbon  dioxide  by 
livmg  plants.  In  the  largest  of  three  beds  of  graphite  at  St.  John 
he  has  found  what  he  considers  may  be  fibrous  structure  indicative 
of  the  existence  of  land-plants. 

Still  further  evidence  in  favour  of  organized  existence  during 
Archaean  time  in  the  North  American  area  has  been  adduced  from 
the  remarkably  thick  and  abundant  masses  of  iron-ore  associated 
with  the  Laurentian  rocks  of  Canada  and  the  United  States,  Dr. 
Sterry  Hunt  has  called  attention  to  these  ores  as  proving  the 
precipitation  of  iron  by  decomposing  vegetation  during  the  Lauren- 
tian period  on  a  more  gigantic  scale  than  at  any  subsequent 
geological  epoch,^  Some  of  the  beds  of  magnetic  iron  range  up  to 
200  feet  in  thickness.  Large  noasses  also  of  haematite  and  titanife- 
rous  iron,  as  well  as  of  iron  sulphides,  occur  in  the  Canadian  Archaean 
series. 

Besides  the  granitic  and  other  veins  and  bands  which  are  so 
intimately  associated  especially  with  the  older  and  more  cnrstalline 
portions  of  the  Archaean  rocks,  there  have  been  noticed,  in  the 
younger  portions,  more  or  less  satisfactory  traces  of  contemporaneous 
volcanic  action.  In  the  iron  regions  of  Lake  Superior  beds  of 
'  «*  Geokgy  of  Qmada,"  1863,  p.  573. 
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crystalline  diabase  are  intercalated  with  the  Horonian  qnaTtzHe& 
In  various  localities  in  Wales  and  England  what  have  been  described 
as  rhyolitic  lavas  and  coarse  agglomerates  ocoor  in  sapposed  insular 
areas  of  Archaean  rocks. 

Among  masses  so  thoroughly  crystalline  in  structure,  crystaUine 
minerals^  as  may  be  expected,  are  specially  abundant.  Among 
these  may  be  mentioned  hornblende,  actinolite,  tremolite,  pyrox^ie, 
yesuvianite,  seipentine,  kyanite,  graphite,  garnet,  epidote,  apatite, 
tourmaline,  woDastonite,  zircon,  fluor-spar,  pyrite,  chalcopyrite, 
magnetite,  titaniferous  iron,  and  haDmatite.  Some  of  these  minerals 
(iron-ores,  hornblende,  apatite)  occasionally  form  massive  lenticular 
bands  as  well  as  run  in  a  diffused  form  through  the  limestone  or 
gneiss.  Certain  regions  (Sweden,  Erzgebirge,  &c.)  abound  in  veins 
of  metallic  ores — gold,  silver,  copper,  lead,  &c. 

The  largest  areas  of  Archaean  rocks  now  exposed  at  the  surfiioe 
are  in  the  northern  parts  of  Europe  and  North  America.  Elsewhere 
they  rise  as  isolated  insular  spaces  surrounded  with  younger 
formations. 

§  2. — ^Local  Development. 

Britain. — ^In  no  part  of  the  European  area  are  these  ancient  rocks 
better  seen  than  in  the  north-west  of  Scotland.  Their  position  there, 
previously  indicated  by  Macculloch  and  Hay  Cunningham,  was  first 
definitely  established  by  Murchison,  who  showed  that  they  possess  a 
dominant  strike  to  N.N.W.,  and  are  unconformably  overlaid  by  all  the 
other  rocks  of  the  Scottish  Highlands.  (See  Fig.  300.)  They  form 
nearly  the  whole  of  the  Outer  Hebrides,  and  occupy  a  variable  belt  of 
the  western  parts  of  the  counties  of  Sutherland  and  Boss.  Murchison 
proposed  to  term  them  the  Fundamental  or  Lewisian  Gneiss  from,  the 
isle  of  Lewis— the  chief  of  the  Hebrides.  Afterwards  he  called  them 
Laurentian,  regarding  them  as  the  equivalent  of  some  part  of  the  great 
Laurentian  system  of  Canada.  They  consist  of  a  tough  massive  gneiss 
usually  homblendic,  with  bands  of  nomblende-rock,  nomblende-echist, 
actinolite-schist,  eologite,  mica-schist,  serioite-schist,  and  other  ciystal- 
line  rocks.  In  two  or  three  places  they  enclose  bands  of  limestone,  but 
neither  in  these  nor  in  any  other  parts  of  their  mass  has  the  least  trace 
of  any  organic  structure  been  detected.  In  traversing  the  western 
sea-board,  from  Cape  Wrath  to  Loch  Torridon,  I  have  ascertained  that 
these  ancient  rocks  are  disposed  in  several  broad  anticlinal  and  synclinal 
folds,  the  angles  of  dip  often  not  exceeding  from  30°  to  40^  and  the  stnta 
succeeding  each  other  with  unexpected  regularity,  though  here  and 
there  showing  ereat  local  crumpling.  The  lower  portions  of  the  series 
are  on  the  whole  more  massive  than  the  upper,  and  more  traversed  by 
pegmatite  veins.  Between  Loch  Laxford  and  Cape  Wrath  this  lower 
division  has  a  distinctly  pinkish  tint  from  the  colour  of  its  abundant 
orthoclase,  and  the  number  and  size  of  its  pegmatite  veins.  Some  oi 
the  lowest  bands  of  the  formation  may  be  observed  along  an  anti- 
clinal fold  north  of  Loch  Inver,  where  one  of  the  most  conspicuous  rocks 
is  an  unctuous  sericitic  schist,  llie  upper  division  cannot  be  sharply 
defined,  but  is  on  the  whole  marked  by  the  relative  thinness  of  its  beds, 
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with  a  much  larger  development  of  schists,  and  a  great  diminution  in 
the  quantity  of  pegmatite — characters  particularly  well  seea  at  Gairloch. 
No  satisfactory  estimate  has  yet  heen  made  of  the  probable  thickness  of 
these  rocks.  On  the  lowest  calculation  it  must  amount  to  at  least 
20,000  feet. 

Several  features  in  the  structure  of  this  gneiss  deserve  attention. 
The  pegmatite  has  been  described  as  an  intrusive  granite  traversing 
the  gneiss  in  veins.  In  many  cases,  it  is  true,  this  rock  looks  as  if  it 
had  been  forcibly  injected,  for  the  foliation  of  the  gneiss  is  abruptly 
bent  up  on  either  side  of  the  p^matite.  But  besides  the  difficulty  of 
conceiving  that  the  coarsely  crystalline  materials  of  these  veins  ever 
could  have  been  in  such  a  slate  of  igneous  fusion  or  aquo-igneous 
plasticity  as  to  be  capable  of  being  injected  into  rents  of  the  surrounding 
rock,  there  are  some  characteristics  which  seem  to  make  it  nearly  certain 
that  the  pegmatite  belongs  to  the  same  series  of  crystalline  processes  by 
which  the  gneiss  itself  was  produced.  The  same  mass  of  pegmatite 
may  be  observed  in  one  place  regularly  interbedded  with  the  gneiss  (Fig. 
315),  and  at  another  place  traversing  it  in  different  directions  (Fig.  316). 
But  in  both  conditions  there  is  the  most  intimate  crystalline  union  of 
the  pegmatite  with  the  gneiss,  the  crystals  of  each  rock  dovetailing  into 
each  other.  Here  and  there,  too,  the  crumpled  folia  of  gneiss  pass  into 
pegmatite,  in  which  a  rude  crumpled  foliation  may  be  detected.  At 
Cape  Wrath,  alternate  thin  layers  of  gneiss  and  pegmatite  occur  with 
as  perfect  regularity  and  as  insensible  gradations  of  structure  as  among 
the  ordinary  folia  in  any  part  of  the  gneiss  (Fig.  315).    But  one  of  the 


Fio.  815. — Gneiss  wtth  nrrEBSTRATiFiED  bands  of  PEGHATnE,  Gaps  Wbath. 

most  singular  facts  remains  to  be  noticed.  In  a  number  of  examples 
from  Cape  Wrath  to  Loch  Laxford  I  have  observed  that  in  pegmatite 
veins  which  cut  across  the  gneiss,  a  rude  foliation  has  been  developed, 
parallel  in  a  general  sense  to  that  of  the  gneiss  on  either  side  (Fig.  317). 
Such  cases  suggest  that  the  pegmatite  veins  were  produced  before  the 
process  of  foliation  in  the  surrounding  rock  was  completed,  so  that  the 
materials  of  the  veins  were  to  some  extent  affected  by  its  later  stages. 

Another  conspicuous  feature,  especially  of  the  lower  massive  gneiss, 
is  the  occurrence  of  geodes  and  lenticular  bands  or  layers  of  black  horn- 
blende or  of  a  mixture  of  hornblende  with  a  little  felspar  or  quartz,  less 
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commonly  black  mica.  Kernels  of  this  nature,  a  foot  or  more  in 
diameter,  may  be  observed  on  Loch  Tonidon,  consisting  of  maflBm 
cleavable  hornblende.  At  this  locality  also  some  good  examples  oocnr  of 
a  structure  in  ihe  gneiss  where  certain  laminae  display  a  remarlcaUe 


Fio.  316.— Veins  op  Pegmatite  in  Gneiss,  near  Oapb  Wbath. 

puckering  between  parallel,  not  contorted  beds  (Fig.  318),  a  stmcioTV 
which  may  be  compared  with  that  of  many  sands  and  sandstones  (<m^« 
p.  479).    Everywhere  the  closest   union  may  be  traced  between  the 


Fio.  317. — Foliation  of  a  Pegmatite  Vein  in  Gnejsb,  Looh  Laxtoid. 

gneiss  and  the  parallel  bands  of  pegmatite,  granite,  syenite,  and  other 
massive  rooks  inter-stratified  with  it,  as  if  these  were  not  of  subsequent 
origin,  but  were  oontemporaneously-formed  parts  of  the  gneiss. 

Recent  observations  by  Professor  Hull  and  Messrs.  Symes  and  Wilkio- 
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son,  of  the  Geological  Survey  of  Ireland,  have  shown  that  in  Donegal 
there  exists  a  massiye  granitic  gneiss  which  they  identify  with  the  fdnda- 
mental  gneiss  of  the  north-west  of  Scotland,  and  which  they  find  to  be 
covered  nnoonformably  by  the  quartzites,  limestones,  and  other  crystalline 
rooks,  that  were  shown  by  Harkness  to  be  continuations  of  the  similar 
series  of  Lower  Silurian  masses  in  the  Scottish  Highlands.  The  charac- 
teristic red  Cambrian  sandstone  of  the  later  region,  however,  has  not  been 
detected  in  Ireland.^ 

In  England  and  Wales  certain  isolated  tracts  of  crystalline  rocks  have 
been  recently  referred  by  Dr.  Hicks,*  Professor  Bonney,^  and  others  to  a 
pre-Cambrian  age.  Beneath  the  fossiliforous  Cambrian  strata  of  St. 
David's  certain  crystalline  masses  appear  in  which,  according  to  Dr. 
Hicks,  there  is  a  lower  group  (Dimetian)  consisting  of  quartzose  and 
granitoid  rocks,  including  coarse  gneiss,  bands  of  impure  limestone  or 
dolomite,  schists,  and  doTcrites;  a  middle  group  ^Arvonian)  composed 
essentially  of  contemporaneous  volcanic  rocks,  rhyolitic  felsites,  volcanic 
breccias  and  halleflintas  or  felsitic  tuffs,  fonning,  with  the  foregoing 


Fio.  318.— PuoKSBED  Laminje  between  parallel  Bands  of  Gneiss, 

LOGH  TORRTOON. 

group,  a  total  nearly  15,000  feet  thick;  and  an  upper  group  (Pebidian) 
made  up  of  slaty  and  comparatively  little  altered  rocks,  and  fully  3000 
feet  thick.  In  North  Wales  and  Anglesea  other  areas  of  crystalline  rock 
have  been  assigned  to  a  similar  geological  position.  Professor  Bonney 
has  described  some  of  the  masses  as  true  lavas  having  so  perfect  a 
rhyolitic  structure  that  they  might  almost  be  classed  with  recent 
rhyolites,  and  as  being  of  contemporaneous  origin  with  the  rocks 
among  which  they  lie,  for  fragments  derived  from  them  are  abundant  in 
the  strata  overlying  them  up  to  the  base  of  the  Cambrian  series.  On 
the  other  hand,  Professor  fiamsay  believes  that  the  so-called  "Pre- 
Cambrian"  areas  are  only  highly  metamorphosed  portions  of  the 
Cambrian   rocks  with  associated   igneous  intrusions.^     Again,  in  the 

>  Geol,  Mag.  1881,  p.  506.    Kinohan,  Op.  eU,  p.  427.    Hull,  Trans.  Ray.  Dublin  8oe. 
i.  (2Dd.  ser.),  1882,  p.  248. 

•  QuaH.  Joum,  OeoL  Soc  xxxiii.  pp.  229 ;  xxxiv.  p.  285,  295.    Geol.  Mag.  1879, 
p.  433. 

•  Quart.  J<mm.  Ged.  Soc.  xxxiv.  p.  144 ;  xixv.  pp.  305,  309,  321.    Hughes,  Op.  cit. 
xxxiv.  p.  137 ;  xxxv.  p.  682 ;  xxxvi.  p.  237. 

•  Mem.  Geol.  Survey,  vol.  iii.,  "Geology  of  North  Wales."    Dr.  Callaway  (Q.  /.  Geol. 
8oe.  xxxyiL  p.  210)  has  described  the  gneissic  and  slaty  rocks  of  Anglesea  as  Archaean. 
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Malvern  Hills,  a  ridge  of  crystalline  homblendic  rocks  has  been  classed 
as  of  Pre-Cambrian  date.^  In  the  Wrekin  Mr.  AUport '  has  found  a 
nudens  of  rhyolitic  lava  with  rhyolitic  agglomerate  underlying 
quartzite,  which  according  to  Dr.  Callaway  is  folder  than  the  Lin^ola 
i^lags.^  Ancient  as  these  volcanic  masses  are,  they  present  remarkably 
perfect  sphemlitic  and  perlitio  structures.  Lastly,  from  amid  the 
Triassic  plains  of  Leicestershire  rises  an  insular  area  of  rooky  hills  com- 
posed  of  various  crystalline  rocks,  which  by  the  Geological  Survey  have 
been  classed  as  altered  Cambrian,  by  Messrs.  Hill  and  Bonney  as  pro- 
bably of  pre-Cambrian  date.*  They  consist  of  three  great  groups,  among 
which  volcanic  agglomerates  and  tuffs  form  a  large  part.  It  will  be 
observed  that  in  all  these  tracts  of  presimied  Archeean  rocks  in  England 
and  Wales,  lavas  and  volcanic  detrital  masses  are  especially  prominent 
No  evidence  of  any  contemporaneous  volcanic  materials  has  yet  been 
detected  in  the  extensive  ArchsBan  tracts  of  Scotland. 

Scandinavia. — In  Scandinavia,^  Archsean  rooks  (GrundQeldet,  Ui^ge- 
birge)  occupy  extensive  areas.  They  consist  chiefly  of  gneiss,  but 
include  also  quartzite,  quartz-conglomerate,  quartz-schist,  hornblende- 
schist,  mica-schist,  limestone,  dolomite,  with  granite,  pegmatite,  amphi- 
bolite,  garnet-rock,  syenite,  gabbro,  labradorite-rock,  oh  vine-rock,  serpen- 
tine, &c.  No  general  order  of  succession  has  yet  been  determined,  though 
a  clear  arrangement  into  distinct  zones  is  in  many  places  observable. 
Thus  in  Bukedal  (Southern  Norway)  a  mass,  3900  feet  thick,  of  quartzite, 
quartz-schist  and  interbedded  seams  of  hornblende-schist,  lies  upon  a 
group  of  hornblende-schists  and  grey  gneiss  traversed  by  abundant 
granite  veins.  Thin  bands  of  limestone  occasionally  occur  in  the  gneiss, 
as  near  Christiansand,  where  they  have  yielded  many  minerals,  especially 
vesuvianite,  coccolite,  scapolite,  phlogopite,  chondrodite,  and  black  spindL 
Apatite  with  magnetite,  titaniferous  iron,  haamatite,  and  other  ores  forms 
a  marked  feature  of  the  Norwegian  Archcean  series.  The  same  roeks 
range  into  Sweden,  where  a  red  gneiss  is  found  in  the  western,  and 
a  grey  gneiss  in  the  eastern  districts.  The  former  has  been  observed 
overlying  the  latter.  The  youngest  division  of  the  series  consists  of  fine- 
grained to  compact  eurites  or  halleflintas,  with  bands  of  crystalline  lime- 
stone. Granite  and  other  eruptive  rooks  abound.  The  most  important 
mineral  masses  in  an  industrial  sense  are  thick  beds  and  lenticular 
masses  of  iron-ore  (Dannemora,  Filipstad,  &o.\ 

Central  Europe. — From  Scandinavia  rocKs  presumed  to  be  Archiean 
range  through  Finland  into  the  north-west  of  Bussia,  reappearing  in  the 
north-east  of  that  vast  empire  in  Petchora  Land  down  to  the  White  Sea,  and 
rising  in  the  nucleus  of  the  chain  of  the  Ural  Mountains,  and  still  farther 
south  in  Podolia.  In  Central  Europe  they  appear  as  islands  in  Uie  midst 
of  more  recent  formations.    Among  the  Carpathian  Mountains  they  pn>- 

>  HoU,  Quart  Joum,  Otol,  8oe.  zxi.  p.  72. 

*  Op,  cit.  xxxiiL  p.  449. 

•  (h>.  eiL  xxxiv.  p.  754 :  xxxr.  p.  643 ;  xxxvi  p.  536. 

*  Hill  aod  Bonney,  Q.  J.  OeoL  8oc.  xzxiii.  p.  754 ;  xxxiv.  p.  199 ;  xxx?i.  p.  387. 

•  Keilhan,  '*  Gaea  Korvegica,"  iii.  (1850).  Kjenilf,  *•  Udaigt  over  det  Sydlif^  Norgc* 
Geologi,"  Ghristiauia,  1879  (tranalated  into  German  by  Gurlt,  and  published  by  Ooben, 
Bonn,  1880).  A.  £.  Tomebohm,  **Die  Schwedischen  Hochgebirge,"  8<kweeL  Aiad^ 
Btookholm,  1873.  "Das  Urterritorinm  Bchwedens,"  Neun  j3irh,  1874,  p.  131.  Kari 
Pettersen,  Geologiske  Undersogelser  inden  Tromso  Amt,  Ac^  Nonke  Vidtmskab,  Skrijt,  vi 
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trude  at  a  number  of  points.  Westwards  of  the  central  portion  of  the 
Alpine  chain  they  rise  in  a  more  continuous  belt,  and  show  munerous 
mineral  ogical  varieties,  including  protogine,  mica-schist,  and  many  other 
schists,  as  well  as  limestone  and  serpentine.  But  their  most  compact 
area,  and  most  intelligible  sections  are  to  be  found  in  the  region  that 
extends  southward  from  Dresden  through  Bavaria  and  Bohemia  between 
the  valley  of  the  Danube  and  the  headwaters  of  the  Elbe.  They  are 
there  divided  into  two  well-marked  groups— (a)  red  gneiss,  oontaiaing 
pink  orthoclase  and  a  little  white  potash-mica,  covered  by  (6)  grey  gneiss, 
containing  white  or  grey  felspar,  and  abundant  dark  magnesia-mica. 
According  to  Glimbel  the  former  (called  by  him  the  Bojan  gneiss)  may 
be  traced  as  a  distinct  formation  associated  with  granite,  but  with  very 
few  other  kinds  of  crystalline  or  schistose  rocks,  while  the  latter  (termed 
the  Hercynian  gneiss)  consists  of  gneiss  with  abundant  interstratincations 
of  many  other  schistose  rocks,  graphitic  limestone,  and  serpentine.  The 
Hercynian  gneiss  is  overlaid  by  mica-schist,  above  which  comes  a  vast 
mass  of  argillaceous  schists  and  shales.  In  Bohemia  these  overlying 
crystalline  clay-slates,  and  schists  (Etage  A  of  Barrande)  graduate  up- 
ward into  undoubted  clastic  rocks  known  as  the  Pribram  shales,  un- 
conformably  over  which  come  conglomerates  and  sandstones  lying  at  the 
base  of  the  fossiliferous  series.^  In  the  Pyrenees  the  existence  of 
Pre-Cambrian  granites,  with  associated  wellnBtratified  masses  of  gneiss, 
mica-schist,  limestone,  &c.,  has  been  determined.' 

America. — In  North  America  Archasan  rocks  cover  a  large  part  of 
the  continent  from  the  Arctic  Circle  southwards  to  the  great  lakes.  In 
Canada,  where  they  were  studied  in  detail  by  Logan,  they  consist  of  two 
divisions.  The  lower  of  these,  termed  Laurentian,  from  its  abundant 
development  along  the  shores  of  the  St.  Lawrence,  was  estimated  by 
him  to  be  about  30,000  feet  thick,  but  neither  its  top  nor  base  has  been 
seen.  It  has  been  divided  into  two  series — (1)  a  lower  formation  more 
than  20,000  feet  thick,  consisting  chiefly  of  granite,  orthoclase  gneiss, 
bands  of  quartz-rock,  schists,  iron-ore,  and  limestone  containing  the 
Eozoon  above  referred  to ;  and  (2)  an  upper  formation  fiilly  10,000  feet 
thick,  composed  also,  for  the  most  part,  of  gneiss,  but  marked  by  the 
occurrence  of  bands  of  Labrador  felspar,  as  well  as  schist,  iron-ore,  and 
limestone.  The  upper  division  has  been  stated  to  lie  unconformably 
on  the  lower.  Mr.  Selwyn,  however,  has  recently  contended  that  the 
limestone-bearing  series  rests  conformably  upon  a  massive  granitoid 
gneiss,  to  which  he  would  restrict  the  term  Laurentian,  classing  the 
limestones  in  the  next  or  Huronian  system.^ 

Above  the  Laurentian  rocks  in  the  region  of  Lake  Huron  lies  a  vast 
mass  of  slates,  conglomerates,  limestones,  and  quartz-rocks,  attaining  a 
depth  of  from  10,000  to  20,000  feet.     They  are  termed  Huronian.     No 

'  The  following  references  to  descriptions  of  the  Arohiean  rooks  of  Central  Enrope 
may  be  nsefoL  Saxony,  &c.,  Oredner,  Zeitsch.  Deutsche  OeoL  Oes,  1877,  p.  757.  Expla- 
nations accompanying  the  sheets  of  the  Geological  Survey  Map  of  Saxony,  particularly 
sections  Geringswalde,  Qeyer,  Glauchau,  Hohenstein,.  Penig,  Boohlitz,  Waldheim. 
Bavaria  and  Bohemia,  Gfimbel,  Geognostische  Beschreibung  des  Ostbayerisoben 
Grenzgebirges,  Gotha,  1868 ;  Jokely,  Jahrb.  Oeol.  ReicJuanstalt,  vl  p.  355 ;  viii.  p.  1,  516 ; 
Kalkowsky,  '*Die  Gneissformation  des  Eulengebiiges "  (Habilitationschnft),  Leipzig 
(Engelmann),  1878. 

•  Garrigou,  Bull  Soc,  Giol,  France,  I  (1873),  p.  418. 

•  Nat.  HUt  8oe,f  Montreal,  February,  1879. 
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fossils  have  yet  been  found  in  them  ;  but  they  must  be  much  younger 
than  the  Lanrentian  rocks,  on  which  they  rest  unoonformably,  and  from 
which  they  have  been  in  part  at  least  derived. 

Crystalline  gneisses,  schists,  and  other  associated  rocks  occnr,  as  in 
Europe,  in  the  cores  of  many  of  the  chief  mountain  ranges  of  NotUl 
America,  and  have  with  more  or  less  confidence  been  assigned  to  the 
Archaean  series,  for  example,  in  the  Appalachian  chain,  and  in  many  of 
the  separate  ranges  comprised  among  the  Bocky  Mountains.  It  is 
probable,  however,  that  some  of  the  rocks  included  in  this  reference  are 
metamorphic  rocks  of  much  later  date.  In  the  Wabsatch  Mountains, 
Utah,  certain  granites,  included  as  Archaean,  have  been  shown  to  be 
younger  than  the  Carboniferous  period.^ 

India. — In  India  the  oldest  known  rocks  are  gneisses  which  underlie 
the  most  ancient  Palaeozoic  formations,  and  appear  to  belong  to  two 
periods.  The  older  or  Bundelkund  gneiss  is  covered  unconformably  by 
certain  "  transition  "  or  **  submetamorphic  "  rocks,  which,  as  they  approach 
the  younger  gneiss,  become  altered  and  intersected  by  granitic  intrusions 
The  younger  or  peninsular  gneiss  is  therefore  believed  to  be  a  meta- 
morphic series  unconformable  to  the  older  gneiss.  In  the  western 
Himalayan  chain  there  are  likewise  two  gneisses — a  central  gneiss 
probably  Archaean  and  an  upper  gneiss  formed  by  the  metamorphism  of 
older  Palaeozoic  rocks  into  which  it  passes,  and  which  lie  unconformably 
on  the  older  gneiss  and  contain  abundant  fragments  derived  from  it.^ 

New  Zealand  and  Australia. — In  the  South  Island  of  New 
Zealand  the  most  ancient  Palaeozoic  rocks  are  underlaid  by  vast  masses 
of  crystalline  foliated  rocks  traceable  nearly  continuously  on  the  west 
side  of  the  main  watershed.  They  consist  chiefly  of  varieties  of  gneiss 
which  are  coarse  and  granitoid  in  the  lower  parts.  In  Canterbury  there 
is  a  central  zone  of  micaceous,  talcose,  and  graphitic  schists  overlaid  by 
chlorite-  and  hornblende-schists,  and  lastly  by  a  quartzitic  zone  interleaved 
with  schists.^  Similar  rocks  run  southward  through  the  west  of  Otago. 
The  centre  of  this  province  is  occupied  also  by  a  broad  band  of  gently 
inclined  mica-schists.  These  rocks — the  main  gold-bearing  series  of 
Otago— are  believed  by  Captain  Hutton  to  be  not  less  than  50,000  feet 
thick,  and  are  referred  by  him  to  a  later  formation  than  the  more 
crystalline  gneiss ;  ^  but  Dr.  Haast  regards  them  as  only  the  upper  part 
of  the  great  fundamental  granitic  gneiss  of  the  island. 

In  Austialia  large  areas  of  granite  and  of  crystalline-schists  occur, 
but  their  precise  relations  have  not  yet  been  worked  out.  Some  of  these 
rocks  have  been  described  by  Selwyn,  Ulrich,  and  others,  as  metamor- 
phosed Palaeozoic  formations.  But  there  are  not  improbably  other  areas 
referable  to  an  Archaean  series. 

>  Amer,  Joum,  Set,  xix.  (1SS0\  p.  368. 

'  Medlicott  and  Blanford,  **  Manual  of  Geology  of  India,"  pp.  xvliL  xxvi.  But  there 
are  younger  Indian  schistose  rockfi  from  which  these  must  be  distinguished.  In  the 
Himalayan  region  there  is  a  series  of  gneisses  and  schists  below  which  he  oompanitiTely 
unaltered  beds  of  supra-triassic  age. 

*  Haasfs**  Geology  of  Canterbury,"  p.  252.  * 

♦  "  Geology  of  Otago,"  p.  31. 
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PART  II.— Palaeozoic. 

Under  the  general  term  FalaBozoio  or  Primary  are  now  in- 
cluded all  the  older  sedimentary  formations  containing  organic  re- 
mains, up  to  the  top  of  the  Permian  system.  These  rocks  consist 
mainly  of  sandy  and  muddy  sediment  with  occasional  intercalated 
zones  of  limestone.  They  everywhere  bear  witness  to  comparatively 
shallow  water  and  the  proximity  of  land.  Their  frequent  alterna- 
tions of  sandstone,  shale,  conglomerate,  and  other  detntal  materials, 
their  abundant  rippled  and  sun-cracked  surfaces,  marked  often  with 
burrows  and  trails  of  worms,  as  well  as  the  prevalent  character  of 
their  organic  remains,  show  that  they  must  have  been  deposited  in 
areas  of  slow  subsidence,  bordering  continental  or  insular  masses  of 
land.  As  regards  the  organisms  of  which  they  have  preserved  the 
casts,  the  Palaeozoic  rocks,  as  far  as  the  present  evidence  goes,  may 
be  grouped  into  two  divisions — an  older  and  a  newer : — the  former 
^from  the  base  of  the  Cambrian  to  the  top  of  the  Silurian  system) 
aistinguished  more  especially  by  the  abundance  of  its  graptolitic, 
trilobitic^  and  brachiopodous  fauna,  and  by  the  absence  of  vertebrate 
remains ;  the  latter  (from  the  top  of  the  Silurian  to  the  top  of  the 
Permian  system)  by  the  number  and  variety  of  its  fishes  and 
amphibians,  the  disappearance  of  graptolites  and  trilobites,  and 
the  abundance  of  its  cryptogamic  terrestrial  flora. 


Section  L — Cambrian. 

§  1. — General  Characters. 

In  those  regions  of  the  world  where  the  relations  of  the  Archaean 
to  the  oldest  Palaeozoic  rocks  are  most  clearlv  exposed  and  have 
been  most  carefully  studied,  a  more  or  less  marked  unconformability 
has  been  observed  between  the  two  series.  Such  a  break  points 
no  doubt  to  the  lapse  of  a  vast  interval  of  time  during  which  the 
Archaean  formations,  after  suffering  much  crumpling  and  meta- 
morphism,  were  ridged  up  into  land  and  were  then  laid  open  to 
prolonged  denudation.  These  changes  seem  to  have  been  more 
especially  prevalent  in  the  northern  part  of  the  northern  hemisphere. 
At  all  events  there  is  evidence  of  extensive  upheaval  of  land  m  the 
north-west  of  Europe  and  across  the  northern  tracts  of  North 
America  prior  to  the  deposit  of  the  earliest  remaining  portions  of  the 
Palaeozoic  formations.  These  strata  indeed  were  derived  from  the 
degradation  of  that  northern  land,  and  we  may  form  some  idea  of  its 
magnitude  from  the  enormous  piles  of  sedimentary  rock  which  have 
been  formed  out  of  its  waste.  To  this  day  much  of  the  land  in  the 
boreal  tracts  of  the  northern  hemisphere  still  consists  of  Archaean 
gneiss.  We  cannot  aflSrm  that  the  primeval  northern  land  was 
lofty;  but  if  it  was  not,  it  must  have  been  subjected  to  repeated 
renewals  of  elevation,  to  compensate  for  the  loss  of  height  which  it 
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goffered  in  the  denudation  that  proTided  material  for  the  deep 
masses  of  Palaeozoic  sedimentary  rock. 

The  earliest  system  or  connected  soite  of  deposits  in  the  Pal8B(»KHfi 
series  has  received  the  name  of  Cambrian — ^a  term  first-proposed  by 
Sedgwick  for  the  most  ancient  sedimentary  rocks  of  North  Wales 
(Cambria).^  By  far  the  largest  mass  of  these  rocks  is  nnfossiliferoos, 
so  that  their  identification  in  different  countries  is  often  entirely 
arbitrary.  The  extent  and  limit  of  the  Cambrian  system  are 
probably  best  seen  in  the  British  Islands. 

Books. — The  rocks  of  the  Cambrian  series  present  great  mii- 
formity  of  lithological  character  over  the  globe.    They  consist  of 
grey  and  reddish  grits  or  greywackes,  uuartzites,  and  conglomerates 
with  shales  and  slates.     Their  false-bedding,  ripple-marks,  and  san- 
cracks  indicate  deposit  in  shallow  water  and  occasional  exposure  of 
littoral   surfaces  to  desiccation.    Sir  A.  C.  Bamsay  has  suggested 
that  the  non-fossiliferous  red  strata  in  this  system  may  hare  been 
laid  down  in  inland  basins,  and  he  has  speculated  upon  the  probability 
even  of  glacial  action  in  Cambrian  time  in  Britain.^    As  might  be 
expected  from  their  high  antiquity  and  consequent  exposure  to  the 
terrestrial    changes  of   a  long  succession  of   geological    periods, 
Cambrian  rocks  are  usually  much  disturbed.      They  have   often 
been  thrown  into  plications,  dislocated,  placed  on  end,  sometimes 
cleaved  and  even  metamorphosed. 

Life. — Much  interest  necessarily  attaches  to  the  fossils  of  the 
Cambrian  system,  for  they  are  the  oldest  assemblage  of  organisms  yet 
known.  They  form  no  doubt  only  a  meagre  representation  of  the 
fauna  of  which  ^  they  were  once  a  living  part  One  of  the  first 
reflections  which*  they  suggest  is  that  they  present  far  too  varied  and 
highly  organized  a  suite  of  organisms  to  allow  us  for  a  moment  to 
suppose  that  they  indicate  the  first  fauna  of  our  earth's  surface. 
Una  uestionably  they  must  have  had  a  long  series  of  ancestors,  though 
of  tnese  still  earlier  forms  no  trace  has  yet  been  recovered,  perhaps 
because  the  rocks  in  which  any  records  of  them  might  have  been 
preserved  seem  to  have  been  everywhere  metamorphosed.  Thus  at 
the  very  outset  of  his  study  of  stratigraphical  geology  the  observer 
is  confronted  with  a  proof  of  the  impenection  of  the  geological  record. 
When  he  begins  the  examination  of  the  Cambrian  &una  so  far  as  it 
has  been  preserved,  he  at  once  encounters  further  evidence  of 
imperfection.  Whole  tribes  of  animals,  which  almost  certainly  were 
represented  in  Cambrian  seas,  have  entirely  disappeared,  while  those 
of  which  remains  have  been  preserved  belong  to  different  and  widely 
separated  divisions  of  inveitebrate  life.^ 

'  Much  controTersy  has  taken  place  in  England  in  recent  yeare  regarding  the  re- 
Bpeoiive  boundaries  of  the  Cambrian  and  Silurian  systems.  Into  this  oontroyeray  it  is 
not  needful  to  enter  here.  The  limit  which  I  have  taJcen  for  the  Cambrian  rooks  ii 
that  which  appears  to  me  to  accord  best  with  palsaontological  evidence. 

•  Brit.  Assoo.  1880,  Presidential  address. 

'  Recently  the  presence  of  medusaa  in  the  Cambrian  seas  has  been  detected  in  the 
casts  of  their  forms  found  in  Sweden  by  A.  G.  Nathorst.  Swntk.  Akfid,  Mandl,  xix. 
(1881). 
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The  preyailing  absence  of  limestones  from  the  Cambrian  system 
is  accompanied  by  a  failure  of  the  foraminifera,  corals,  and  other  .cal- 
careous organisms  which  abound  in  the  limestones  of  the  next  great 
geological  series.  The  character  of  the  general  sandy  and  muddy 
sediment  must  have  determined  the  distribution  of  life  on  the  floor 
of  the  Cambrian  sea,  and  doubtless  has  also  affected  the  extent  of  the 
final  preservation  of  organisms  actually  entombed. 

The  plants  of  the  Cambrian  period  have  been  scarcely  at  all 
preserved.    That  the  sea  then  possessed  its  sea-weeds  can  hardly  be 


Fio.  319. — Group  of  Cambrian  (Primordial)  TuiLOBrrEs.* 

1,  Olonns  impar  (Salt)  (enlarged) ;  2,  Paradoxides  Davidis  (Salt.)  (^) ;  3,  Gono- 
ooryphe  (?)  Waiiamfloni  (Belt) ;  i,  EUipsooephaliu  Hoffi  (Schloth.) ;  5,  Agnostus 
princepe  (Salt)  (enlaiged);  6,  Microdisotis  scalptiiB  (Hicks)  (enlarged);  7, 
AgnoetuB  Barlowii  (Belt)  (enlarged);  8,  Erinn^s  vennlosa  (Salt.);  9,  Plntonia 
Sed^wickii  (Salt.) ;  10,  Agnostus  caiubrensis  (Uicks)  (and  enlaiged) ;  11,  Dikelo- 
cepnalns  oelticns  (Salt). 

doubted,  and  various  fucoid-like  markings  on  slates  and  sandstones 
{e,g.  the  **fucoidal  sandstone  "  of  Sweden)  have  been  referred  to  the 
vegetable  kingdom.  The  genus  Eophyton  from  Sweden,  and  others 
from  the  Potsdam  sandstone  of  North  America,  have  been  described, 
but  some  of  these  are  probably  worm-tracks,  others  are  merely 
imitative  wrinkles  and  markings  of  inorganic  origin,  and  it  is  not 
certain  that  any  of  them  are  truly  plants.  What  has  been  regarded 
as  an  undoubted  organism  occurs  in  abundance  in  tlie  Cambrian 
^  Where  not  otherwise  stated  the  figures  are  of  the  natural  size. 
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rocks  of  the  souih-east  of  Ireland  and  is  named  Oldhamia  (Fig.  320). 
For  many  years  it  was  considered  to  be  a  sertnlarian  zoophyte, 
subsequently  it  was  referr^  to  the  calcareous  a1g»;  but  its  true 
grade  seems  still  uncertain. 

Among  the  animal  organisms  of  the  Cambrian  rocks  the  most 
lowly  forms  yet  detected  are  hexactinellid  sponges  {ProtospongitL, 
Fig.  320),  of  which  four  species  have  been  found  in  Wales.  The 
Echinodermata  are  represented  by  crinoids  {Dendrocrinus),  cysti- 
deans  (Protocystites,  Fig.  320),  and  star^fishes  (Palasaderina,  Fig.  321). 
Annelidas  existed,  as  is  shown  by  their  trails  and  burrows 
(Arenieolites^  Fig.  320,  Cnmana).  But  by  far  the  most  abundantly 
preserved  forms  of  life  are  Crustacea,  chiefly  belonging  to  the  extinct 
order  of  trilobites  (Fig.  319).    It  is  a  very  suggestive  fact  that  these 


Fig.  820.— Gboup  of  Lower  Cambrian  FoesiLs. 

1,  Arenioolites  didymiiB  (Salt.);  2,  Oldhamia  entiqua  (Forbes^;  3,  Theca  oorrugata 
(Salt);  4,ProtooyBtite8 meneyeDBiB (Hides)  (f) ;  5, ProtoBponeia fenestrata  (Salt) (and 
enlarged  |) ;  6,  DiscinapileoluB  (Hicks)  (and  enlarged) ;  7,  Obolella  maculata  (Hiobi). 

organisms  appear  even  here,  as  it  were  on  the  very  threshold  of  authen- 
tic biological  nistory,  to  have  reached  their  full  stnictural  development. 
Some  of  them  indfeed  were  of  dimensions  scarcely  ever  afterwards 
equalled  and  already  presented  ^reat  variety  of  form.  Individuals 
of  the  species  Paradoxides  Davtdis  are  sometimes  nearly  two  feet 
long.  But  with  these  giants  were  mingled  other  types  of  diminutive 
size.  It  is  noteworthy  also,  as  Dr.  Hicks  has  pointed  out,  that  while 
the  trilobites  had  attained  their  maximum  size  at  tliis  early  period, 
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they  were  represented  by  genera  indicative  of  almost  every  stage  of 
development,  *'  from  the  little  Agnostus  with  two  rings  in  the  thorax^ 
and  Microdiscus  with  four,  to  Erinnys  with  twenty-four,"  while  blind 
genera  occurred  together  with  those  having  the  largest  eyes.^ 
Besides  those  just  mentioned,  other  characteristic  genera  (Fig.  319) 
are  Plutonia,  EUipiocephdlvSy  Conoeoryphe,  Dtkehcephalm,   OlenuSy 


Fio.  321.— Group  op  Uppeb  Cambrian  Fossils. 

1,  Orthooeras  serioeam  (Salt.) ;  2,  Palfleasterina  ramseyensis  (Hicks);  3,  LinguleUa  Davisii 
(McOy);  4,  Conularia  Uomfrayi  (Salt) ;  5,  Orthis  Carausii  (Salt) ;  6,  BeUerophon 
arfonenais  (Bait.) ;  7,  Palsearoa  Hopkinsoni  (Hicks) ;  8,  Hymenooaris  Termioauda 
(Salt.)  (and  enlarged) ;  9,  Otenodonta  cainbrensis  (Hicks)  (enlarged). 

and  AnopoUnw.    Phyllopod  crustaceans  likewise  occur;  the  most 
characteristic  genus  being  Hymenocaris  (Fig.  321). 

In  striking  contrast  to  the  thoroughly  Palaeozoic  and  long  extinct 
order  of  trildbites,  the  brachiopods  appear  in  genera  some  of  which 
are  still  familiar  in  the  living  world.    Idngula  and  Discina  (Fig.  320), 

»  Q.  J.  Oeol  8oc.  xxviii.  p.  174. 
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which  appettr  among  these  ancient  rocks,  baye  persisted  with  but  little 
change,  at  least  in  external  form,  through  the  whole  of  geological 
time  and  are  alive  still.  Other  genera  are  LingvieOa  (Fig.  iP21), 
OMeUa  (Fig.  320),  KvJtorgina,  and  Orthis  (Fig.  321).  Every  class  of 
the  true  mollusca  had  its  representatives  in  the  Cambrian  seas.  The 
lamellibranchs  occurred  in  the  genera  CtenodorUa  (Fig.  321), 
PcUmarca,  Davidia,  and  Modiolopsis.  The  gasteropods  were  present 
in  the  hoteropod  genus  so  characteristic  of  Palsaozoic  time,  beUsro- 
phon  (Fig.  321).  The  pteropods  were  represented  by  the  ^enexm 
Theca  (Fig.  320)  and  Contuaria.  the  cephalopods  by  OrmoeeroM 
(Fi&^32l). 

Taking  palaeontological  characters  as  a  guide  in  classificatioQ  it 
has  been  proposed  to  group  the  Cambrian  system  according  to  the 
distribution  of  characteristic  trilobites,  into  two  divisions — the  lower 
(Harlech  or  Longmynd  and  Menevian  rocks  of  Britain)  termed 
xaradoxidian,  and  the  upper  (Lingula  and  Tremadoc)  OlenidiazL. 


§  2.  Local  Development. 

Britain.^ — The  area  in  which  the  fullest  development  of  the  oldest 
known  PaJsBOzoic  rocks  has  yet  been  found  is  undoubtedly  the  principality 
of  Wales.  The  rocks  are  there  much  thicker  than  in  any  other  known 
region,  they  have  yielded  a  more  abundant  fauna,  and  ihej  poeseas 
additional  importance  from  the  £M)t  that  they  were  the  first  strata  of  snoh 
antiquity  to  be  worked  out  stratigraphically  and  palaaontologically.  As 
already  stated,  they  were  named  Cambrian  by  Sedgwick,  from  their 
extensive  development  in  Cambria  or  North  Wales,  where  he  originally 
studied  them.  Their  true  base  is  nowhere  seen.  According  to  Sedgwick 
and  subsequent  observers  (especially  Messrs.  Hicks,  Hughes,  and  Bonney ) 
they  rest  unconformably  upon  a  set  of  igneous  and  metamorphio  Archaaan 
rocks,  so  that  their  base  at  any  given  locality  must  be  merely  a  local 
phenomenon.     Professor  Hughes  believes  that  a  strong  conglomerate  and 

frit  generally  mark  the  base  of  the  Cambrian  series.'  According  to 
rofessor  Bamsay  on  the  other  hand,  the  base  of  the  Cambrian  series  is 
either  concealed  by  overlying  formations  or  by  the  metamorphism  which 
he  thinks  has  converted  portions  of  the  Cambrian  series  into  various 
crystalline  rocks.  Starting  from  the  lowest  observable  horizon  among 
these  ancient  sedimentary  deposits,  the  geologist  can  trace  an  upward 
succession  through  many  thousands  of  feet  of  grits  and  dates  into  the 
Silurian  system.  Considerable  diversity  of  opinion  has  existed,  and 
Btill  continues,  as  to  the  line  where  the  upper  limit  of  the  Cambrian 
system  should  be  drawn.  Murchison  contended  that  this  line  should  be 
placed  below  strata  where  a  trilobitic  and  brachiopodous  fauna  begioa^ 
and  that  these  strata  cannot  be  separated  from  the  overlying  Silurian 

'  8ee  Sedgwick's  Memoirs  in  Quart.  Joum.  Geol,  Soc.^  vols.  i.  il  iy.  Tiii^  and  lu« 
**  Synopsis  of  the  Classification  of  the  British  Palaoozoic  Rooks.*'  4to,  1855 ;  Marchiaoa's 
•♦  Silnno."  and  Kamaay's  •*  North  Wales,"  in  Geological  Survey  Memoir$^  vol.  iil.,  asd 
papers  by  Salter,  Harkness,  Hicks,  Hughes,  and  others  in  the  Quart,  Joum.  GeoL  Soe^ 
and  Qeol.  Mag.,  to  some  of  which  reference  is  made  below. 

«  Q.  /.  Geol,  8oc.  xxxiy.  p.  144. 
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Bystem.  He  therefore  included  as  Cambrian  only  the  barren  grits 
and  slates  of  the  Longmynd,  Harlech,  and  Llanberis.  Sedgwick,  on  the 
other  hand,  insisted  on  carrying  the  line  up  to  the  base  of  the  Upper 
Silurian  rocks.  He  thu^s  left  these  rocks  as  alone  constituting  the 
Silurian  system,  and  massed  all  the  Lower  Silurian  in  his  Cambrian 
system.  Murchison  worked  out  the  stratigraphical  order  of  succession 
from  above,  and  chiefly  by  help  of  organic  remains.  He  advanced  fron. 
where  the  superposition  of  the  rocks  is  clear  and  undoubted,  and  for  the 
first  time  in  the  history  of  geology  ascertained  that  the  '*  transition- 
rocks  "  of  the  older  geologists  could  be  arranged  into  zones  by  means  of 
characteristic  fossils  as  satisfactorily  as  the  Secondary  formations  had 
been  classified  in  a  similar  manner  by  William  Smith.  Tear  by  year,  as 
he  found  his  Silurian  types  of  life  descend  farther  and  farther  into  lower 
deposits,  he  pushed  backward  the  limits  of  his  Silurian  system.  In  this 
he  was  supported  by  the  general  consent  of  geologists  and  palsBontologists 
aU  over  the  world.  Sedgwick,  on  the  other  hand,  attacked  the  problem 
rather  from  the  point  of  stratigraphy  and  geological  structure.  Though 
he  had  collected  fossils  from  many  of  the  rocks  of  which  he  had  made  out 
the  true  order  of  succession  in  North  Wales,  he  allowed  them  to  lie  for 
years  unexamined.  Meanwhile  Murchison  had  studied  the  prolongations 
of  some  of  the  same  rocks  into  South  Wales,  and  had  obtained  from  them 
the  copious  suite  of  organic  remains  which  characterized  his  Lower 
Silurian  formations.  Similar  fossils  were  found  abundantly  on  the 
oontinent  of  Europe  and  in  America.  Naturally  the  classification  pro- 
posed by  Murchison  was  generally  adopted.  As  he  included  in  his 
Silurian  system  the  oldest  rocks  containing  a  distinctive  fauna  of  trilo- 
bites  and  brachiopods,  the  earliest  fossiliferous  rocks  were  everywhere 
classed  as  Silurian.  The  name  Cambrian  was  regarded  by  geologists  of 
other  countries  as  the  designation  of  a  British  series  of  more  ancient 
deposits  not  characterized  by  peculiar  organic  remains,  and  therefore 
not  capable  of  being  elsewhere  satisfactorily  recognized.  Barrande,  in- 
vestigating the  most  ancient  fossiliferous  rocks  of  Bohemia,  distinguished 
by  the  name  of  the  "  Primordial  Zone  "  a  group  of  strata  underlying 
the  Lower  Silurian  rocks,  and  containing  a  peculiar  and  characteristic 
suite  of  trilobitea.  He  classed  it,  however,  with  the  Silurian  system, 
and  Murchison  adopted  the  term,  grouping  under  it  the  lowest  dark 
slates  which  in  Wales  and  the  border  English  counties  contained  some 
of  the  same  early  forms  of  life. 

More  recent  investigations,  however,  first  by  the  late  Mr.  Salter  and 
Dr.  Hicks,  and  subsequently  by  the  latter  observer,  brought  to  light, 
from  the  so-called  primordial  rocks  of  Wales,  a  much  more  numerous 
fauna  than  they  were  supposed  to  possess,  and  one  in  large  measure 
distinct  from  tiiat  in  the  undoubted  Lower  Silurian  rooks.  Thus  the 
question  of  the  proper  base  of  the  Silurian  system  was  re-opened,  and 
tne  claims  of  the  Oambrian  system  to  a  great  upward  extension  were 
more  forcibly  urged  than  ever.  But  these  claims  could  now  be  based  on 
palaoontological  evidence  such  as  had  never  before  been  produced.  Ac- 
cordingly there  has  arisen  a  general  desire  among  the  geologists  of 
Britain  to  revise  the  nomenclature  of  the  older  rocks.  Though  as  yet  a 
common  accord  of  opinion  has  not  been  reached,  thero  seems  a  strong 
probability  that  ultimately  the  boundary  line  between  the  Cambrian 
and  Silurian  systems  will  be  drawn  above  the  primordial  zone  along  the 
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base  of  the  great  Arenig  ffroup  or  Lower  Llandeilo  rocks  of  Mmt^aon. 
All  his  Silurian  strata  of  older  date  than  these  rocks  will  be  class^  as 
Cambrian.  It  is  undoubtedly  true,  however,  that  although  a  decided 
break  occurs  in  the  succession  of  species  at  the  top  of  the  Cambrian 
series,  the  general  palaeontological  resemblance  of  the  Cambrian  and 
Silurian  systems  as  thus  discriminated  is  singularly  close;  so  dose 
indeed,  that  there  may  not  improbably  be  a  subsequent  revision  of  this 
question  with  the  result  of  throwing  all  these  older  Palaeozoic  rocki 
into  one  palaeontological  s^tem. 

According  to  the  classification  here  adopted,  the  Cambrian  system^  as 
developed  in  North  Wales  and  the  border  English  counties,  consists  of 
purple,  reddish-grey,  and  green  slates,  grits,  sandstones,  and  conglomer- 
ates, which  are  estimated  to  reach  the  enormous  thickness  of  25,000  feet. 
By  far  the  larger  part  of  this  vast  depth  of  rock  is  unfossiliferous. 
Indeed  it  is  only  in  some  bands  of  the  tipper  6000  feet,  or  thereabouts, 
that  fossils  occur  plentifully.  The  total  British  Cambrian  fauna  dis- 
covered tip  to  the  present  time  embraces  61  genera  and  182  species.  By 
fossil  evidence  the  Cambrian  system  may  be  divided  into  Lower  and 
Upper,  and  each  of  these  sections  may  be  further  subdivided  into  two 
gproups,  as  in  the  following  table  : 

trr^^^  /*•  Tremadoo  alates. 
JUpper.jj^ 


Cambrian)  ^*'t^-\8.  Lingula  flags. 
Meneyian  giOQ^ 
Harlech  and  Longmynd  gronp. 


of  Wales.  jtq^^|2.  Meneyian  ^onp. 


1.  Harlech  and  Longmynd  Chroup, — ^This  group  consists  of  purple,  red, 
and  grey  flags,  sandstones,  and  slates,  with  conglomerates.  These  strata 
attain  a  great  thickness,  estimated  at  4000  feet  in  South  Wales,  mcH>9 
than  8000  in  North  Wales,  and  perhaps  25,000  in  Shropshire.  They 
were  formerly  supposed  to  be  nearly  barren  of  organic  remains ;  but 
in  recent  years,  chiefly  through  the  researches  of  Dr.  Hides  at  Si 
David's,  they  have  yielded  a  tolerably  abundant  fauna,  consisting  of 
82  species.     Among  these  are  7  genera  and  14  species  of  trilobites 

SParadoxide9,  Plutonia,  Microdisau,  PaUe^gCy  AgnostuSj  dmocorypkeX 
bur  annelides  (Arenicolitea),  a  sponge  (Prototpongia)^  six  brachiopoas 
(JDUdna^  LingvleUa)y  two  pteropods  ^niecoL),  &c.  Mahy  of  the  surfaces 
of  the  strata  in  some  parts  of  this  group  are  marked  with  ripples,  sun- 
cracks,  and  rain-pittings,  as  well  as  with  trails  of  worms — indicative 
of  shallow-water  and  shore-conditions  of  deposit.  Twelve  of  the  32 
species,  according  to  Mr.  Etheridge,  pass  up  into  the  Menevian  group.^ 

2.  Menevian  Oroup. — This  subdivision  has  been  proposed  for  a  series 
of  sandstones  and  shales,  with  dark-blue  slates,  flags,  and  grey  grits, 
which  are  seen  near  St.  David's  (Menevia),  where  they  attain  a  depth  of 
about  600  feet.  They  pass  down  conformably  into  the  Barlech  group, 
with  which,  as  just  stated,  they  are  connected  by  12  species  in  common. 
The  Menevian  beds  have  yielded  52  species  of  fossils,  of  which  19  pass 
up  into  the  lower  Lingula  flags.  Among  them  the  trilobites  are 
specially  prominent,  12  genera  and  32  species  having  been  obtained 
from  the  Menevian  beds,  among  which  the  genera  Agnastva  (7  species), 
(hnacoryphe  (7  species),  and  Paradoxides  (3  species)  are  specially  cha- 
racteristic.    Four  species  of  sponges  {Protosptmgta)^  three  of  which  are 

>  Q,  J.  Oecl  8oe,  xxzvii  (1881),  Presidents  address,  p.  41. 
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found  in  the  Longmynd  group,  and  some  annelide-tracks  likewise  occur 
The  moUusca  are  represented  by  six  species  of  brachiopods  of  the  genera 
Discina,  LinguUlla,  OhdeUa,  and  Orthia ;  6  pteropods  (Oyrtotheca^Theca) 
have  been  met  with.  The  earliest  entomostracan  {EnUmis)  and  cystidean 
(FroiocystUea)  yet  discovered  occur  in  the  Menevian  fauna. 

8.  Lingula  ^&i^«.— These  strata,  consisting  of  bluish  and  black  slates 
and  flags,  with  bands  of  grey  flags  and  sandstones,  attain  in  some  parts 
of  Wales  a  thickness  of  more  than  6000  feet.    They  received  their  name 
from  the  discovery  by  Mr.  E.  Davis  (1846)  of  vast  numbers  of  a  Lingula 
(Lingtddla  Daviait)  in  some  of  their  layers.     They  rest  conformably  upon 
and  pass  down  into,  the  Menevian  beds  below  them,  and  likewise  graduate 
into    the    Tremadoc    group    above.      They    are    distinguished    by    a 
characteristic  suite  (71  species)  of  organic  remains.     The  trilobites 
include   the    genera   Agnoatua,  Anopolemu,   Conocaryphe,   Bikehcephalua 
Erinnys,  Olenua,  and  Paradoxtdes.     The  earliest  phyllopods  (Hymemcaris) 
and  heteropods  (Bellerophon)  occur  in  these   beds.      The  brachiopods 
include  species  of  LingtUella  (L.  Lamm),  Discina,  Oholella,  and  (Mhis 
The  pteropods  are  represented  by  three  species  of  Theca.     Several 
annelides  {Omziana)  and  polvzoa  {Fenestella)  likewise  occur. 

According  to  Mr.  Etheridge,  the  Lingula  flags  may  be  grouped  into 
three  zones,  each  characterized  by  a  peculiar  assemblage  of  organic 
remains.  The  lower  division  contains  36  species,  of  which  seven  are 
peculiar  to  it.  The  middle  zone,  which  is  of  quite  subordinate  value 
has  yielded  five  species,  two  of  which  (Conocoryphe  bucephala  and  Lingu!^ 
leUa  Damsit)  pass  down  into  the  lower  division,  one  (Kuiorgina  dngul^) 
ascends  into  the  upper,  and  two  {Lingula  squamosa  and  BeUerophan  canL 
hrensis)  are  peculiar.  The  upper  zone  has  vielded  41  species.  Of  these 
ten  pass  up  into  the  Tremadoc  beds,  while  two  (LingMla  lepis  and 
L.  Davisii)  continue  on  into  the  Arenig  group.  ^ 

4.  Tremadoc  Slates.— ThiB  name  was  given  by  Sedgwick  to  a  group  of 
dark  grey  slates,  about  1000  feet  thick,  found  near  Trem^oo    in 
Carnarvonshire,  and  traceable  thence  to  Dolgelly.     Their  importance  as 
a  geological  formation  was  not  recc^ized  until  the  discovery  in  them  of 
a  remarkably  abundant  and  varied  fauna  which  now  numbers  84  species 
They  contain    the   earliest    crinoids,  star-fishes,    lamellibrancbs,    and 
cephalopods  yet  found.    The  trilobites  embrace  some  genera  (Agnosius 
Conocoryphe,  Olenus,  <fec.)   found  in  the  Lingula  flags,  but  include  also 
the  new  forms,  Angelina,  Asaphus,  Oheirurus,  Neseuretus,  Niobe,  Ogygia 
Fsilocephalus,  &c.     The  same  genera,  and  in  some  cases  species    of 
brachiopods  appear  which  occur  in  the  Lingula  flags,  Orthis  Varausii'&nd. 
LinguleUa  Davisii  being  common  forms.     Dr.  Hicks  has  described  12 
species  of  lamellibrancbs  from  the  Tremadoc  beds  of  Eamsay  Island  and 
St.  David's,  belonging  to  the  genera  Ctenodmta,  Palaearca,  Olyptarca 
Davidia,  and  Modiolopsis.     The  cephalopods  are  represented  by  Orthoceras 
sericewn  and  Oyrtoceras  prsecox;  the  pteropods  by  Theca  Davidii,  T.  over- 
ctdaia,  and  Oonularia  Hamfrayi  ;  the  echinoderms  by  a  beautiful  star-fish 
{Falteasierina  ramseyensis)  and  by  a  orinoid  {Dendrocrinus  cambrensis)  » 

Careful  analysis  of  the  fossils  yielded  by  tiie  Tremadoc  beds  su^ests 
a  division  of  this  group  into  two  zones.  According  to  Mr.  Ethendge 
the  Lower  Tremadoc  rooks  have  yielded  in  all  28  genera  and  68  species* 

^  Etheridjee,  Q.  J,  GeoL  8oe.  1881.    Proaidenfg  address  p.  48 
•  Hicks,  Quart,  Joum,  OeoL  800,  udx.  p.  89. 
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of  which  8  genera  and  9  Bpeoies  pass  down  into  the  Lingnla  flags  and  9 
genera  and  13  species  asoeod  into  the  Upper  Tremadoc  zone.  The  moit 
characteristic  forms  are  Niobe  Homfrayi,  N.  menapiengis,  Psilooepkaht 
innotaim^  Angelina  Sedgwickii^  Aiaphui  affitds.  The  Upper  Tremadoo 
beds  contain,  as  at  present  ascertained,  20  genera  and  33  species,  of 
which  only  16  species  pass  up  into  the  Arenig  group.  It  is  at  the  top  of 
the  Upper  Tremadoc  strata  that  the  line  l^tween  the  Cambrian  tnd 
Silurian  systems  is  here  drawn.  According  to  Sir  A.  C.  Kamsay,  there 
is  evidence  of  a  physical  break  at  the  top  of  the  Tremadoc  beds  of  Walo, 
so  that  on  a  large  scale  the  next  succeeding  or  Arenig  strata  repose  uh 
conformably  upon  everything  older  than  themselves;  while  Mr.  Etheridce 
remarks  that  no  greater  break  in  palasontological  succession  occurs  m 
the  whole  series  of  Palaeozoic  rocks  than  at  this  point,  for  besides  the 
small  percentage  of  fossils  of  the  one  series  that  passes  over  into  the  other 
(16  species  in  all)  the  character  of  the  Arenig  fauna  strongly  distin- 
Kuishes  it  from  that  of  the  formations  below,  and  further  supports  the 
fine  of  division  here  adopted  between  the  Cambrian  and  Silurian  rocks. 
But,  as  already  remarked,  the  demarcation  does  not  interfere  with  the 
broad  general  resemblance  in  the  palceontological  facies  of  the  two 
systems.     Unfortunately  in  England,  where  the  question   has  beeoi 

Srincipally  discussed,  personal  considerations  have  been  allowed  to  in- 
uence  the  judgment,  the  partizans  of  Sedgwick  on  the  one  hand  mod 
*  of  Murchison  on  the  other  contending  for  the  claims  of  the  rival  geo- 
logical chiefs.  ^Yhen  the  personal  element  can  be  entirely  eliminated, 
and  the  question  is  discussed  on  its  own  merits,  the  line  of  demarcation 
between  Cambrian  and  Silurian,  as  above  suggested,  will  not  improbaUy 
be  effaced,  and  the  whole  will  be  regarded  as  one  great  paUeontologic^ 
system. 

In  the  north-west  of  Scotland  a  mass  of  reddish-brown  and  chocolate- 
ooloured  sandstone  and  conglomerate  (at  least  8000  feet  thick  in  the 
Loch  Torridon  district)  lies  unconformably  upon  the  Arohaaan  gneiss 
in  nearly  horizontal  or  gently  inclined  beds.  It  rises  into  pictureeqne 
groups  of  mountains,  which  stand  out  as  striking  monuments  of  denuda- 
tion, seeing  that  the  truncated  ends  of  their  component  flat  strata  can  be 
traced  even  from  a  distance  forming  parallel  bars  along  the  slopes  and 
precipices.  The  denudation  must  have  been  considerable  even  in  early 
Silurian  times,  for  the  sandstones  are  unconformably  overlaid  by  quarts- 
rocks  and  limestones  containing  Lower  Silurian  fossils,  and  these 
younger  strata  even  in  the  same  district  rest  directly  on  the  Arohiesn 
gneiss.  Here  and  there  at  the  base  of  the  red  sandstone  lies  a 
remarkably  coarse  breccia  containing  huge  angular  blocks  of  gneiss.  At 
these  locaJities  rounded  dome-like  boraes  of  gneiss  pass  under  the 
breccia  and  forcibly  recall  the  rochet  mouUmin^  of  more  recent  times.* 
No  trace  of  organic  remains  of  any  kind  has  been  found  in  the  red  sand- 
stones themselves,  unless  certain  track-like  impressions,  observed  on  the 
west  side  of  Loch  Maree,  can  be  regarded  as  having  been  imprinted  by 
Crustacea  or  other  organisms.'  Iliese  sandstones  were  at  one  time 
regarded  as  Old  Bed  Sandstone,  though  Maccullodi,  and  afterwards  Biy 
Cunningham,  pointed  out  that  they  underlie  parts  of  the  schistose  rocks 
of  the  northern  Highlands.  The  discovery  by  Mr.  C.  W.  Peadi  of  Lower 
Silurian  shells  in  the  overlying  Hmestones  showed  that  the  massive  red 

*  Nature,  Augiut  (1880)  xziL  p.  400.  «  Naiwrt^  »^«.  p.  9& 
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sandstones  of  western  Boss  and  Sutherland  could  not  be  paralleled  with 
those  of  the  eastern  tracts  of  those  counties,  but  must  be  of  older  date 
than  part  of  the  Llandeilo  rocks  of  the  Lower  Silurian  period.  Sir  R. 
Murchison  classed  them  as  Cambrian — an  identification  which  finds 
support  in  the  lithological  resemblance  between  these  rocks  of  the  north- 
west Highlands  and  much  of  the  Lower  Cambrian  system  of  Wales. 

In  the  south-east  of  Ireland  masses  of  purplibh,  red,  and  green  shales, 
slates,  grits,  quartz-rocks,  and  schists  occupy  a  considerable  area  and 
attain  a  depth  of  14,000  feet  without  revealing  their  base,  while  their 
top  is  covered  by  unconformable  formations  (Lower  Silurian  and  Lower 
Carboniferous).  They  have  yielded  Oldhimia^  also  numerous  burrows 
and  trails  of  annelides  (Histioderma  Hibemiaim,  Arenicolitea  didymua^ 
A.  sparnu^  Haughionia  pcecila).  No  Upper  Cambrian  forms  have  been 
met  with  in  these  Irish  rocks,  which  are  therefore  placed  with  the  Lower 
Cambrian,  the  unconformability  at  their  top  being  regarded  as  equivalent 
to  the  interval  required  for  the  deposition  of  the  intervening  formations 
up  to  the  time  of  the  Llandeilo  rocks,  as  in  the  north-west  of  Scotland. 
Some  portions  of  the  Irish  Cambrian  series  have  been  intensely 
metamorphosed.  Thus  on  the  Howth  coast  they  appear  as  schists  and 
quartz-rocks ;  in  Wexford  they  pass  into  gneiss  and  granite.  In  West 
Gal  way  a  vast  mass  of  schists,  quartz-rocks,  and  limestones  (8000  feet  and 
upwaids)  passes  up  into  sohihtose  and  homblendic,  as  well  as  unaltered 
rocks  containing  Llandeilo  fossils.  These  have  been  supposed  hy  Mr. 
Einahan  to  be  probably  Cambrian.  He  suggests  that  they  are  Upper 
Cambrian,  which  would  imply  that  Upper  Cambrian  rocks  pass  conform- 
ably into  the  Llandeilo  formation  without  the  occurrence  of  the  thick 
Arenig  rocks  of  Wales.  In  a  difiSoult  coimtry,  however,  broken  by  faults 
and  greatly  metamorphosed,  an  unconformability  might  easily  escape 
detection.  According  to  Mr.  Hull,  the  Gralway  and  Mayo  rocks  contain 
no  representatives  of  the  Cambrian  system.  In  his  view  the  oldest 
portions  (hornblende-schist,  gneiss,  &c.)  are  Archaean,  covered  (uncon- 
formably,  no  doubt)  by  generally  metamorphosed  Lower  Silurian  rocks, 
above  which  come  Upper  Silurian  non-metamorphosed  strata. 

Continental  £arope.->-According  to  the  dasbification  adopted  by 
M.  Barrande,  tiie  fauna  of  the  older  Palaeozoic  rocks  of  Europe  suggests 
an  early  division  of  the  area  of  this  continent  into  two  regions  or 
provinces, — a  northern  province,  embracing  the  British  Islands,  and 
extending  through  North  Germany  into  Scandinavia,  on  the  one  hand, 
and  into  Kussia  on  the  other,  and  a  central-European  province,  including 
Bohemia,  France,  Spain,  Portugal,  and  Sai*dinia. 

~  Passing  from  the  British  type  of  the  Cambrian  deposits  we  encounter 
nowhere  in  the  northern  part  of  the  continent  so  vast  a  depth  of 
stratified  deposits.  In  central  and  northern  Norway  the  Archeean 
ffneiss  is  overlaid  by  reddish  and  grey  sandstones  and  conglomerates 
(Sparagmite),  with  schists,  quartzites,  and  limestcmes.  Above  these  rocks, 
which,  according  to  Kjerulf,  are  partly  coeval  with  the  Archasan  series, 
lies  the  "Primordial  Zone"  (p.  659).  Near  Eongsberg  it  is  made  up  of 
a  lower  band  (8  feet)  of  conglomerate,  sandstone,  and  schist,  followed  by 
60  feet  of  black  shales  with  Paradoxides  TeMtnt,  P.  ruguloaua,  AgnostuM 
faUax,  A.  parvijrons,  A.  gtbhus,  A.  incertua,  above  which  come  more  dark 
shales  (22  feet)  with  Paradoxides  Forchhammeri,  Agnoaim  Kjendfi,  A. 
hrevifroM^  A,  acuUaius,  Protoapongia^  &o.  In  the  Christiania  district 
there  occur  (1)  a  lower  zone  90  Norwegian  feet  thick,  composed  of  con- 

2  u 


Digitized  by 


Google 


658  STEATIGEAPHIOAL  GEOLOGY.        [Book  VI. 

glomerates,  sandstones,  and  dark  shales  with  limestone,  and  oontiining 
ParadoaMsa  Teasini  and  P.  Forchhammeri;  and  (2)  an  upper  zone  (1^ 
feet)  composed  of  black  slates  (Alnm  slates)  and  fetid  umestoDe,  ivitk 
Olenua,  &c.  In  Sweden  the  Cambrian  series  comprises  (!])  •'  EophTtw 
and  Fucoid  Sandstones" — sandstones  and  green  shales  with  Eophtot, 
Pdleeophycus,  and  numerous  other  somewhat  obscure  impressions  {Begi$ 
Jucoidarum  of  Angelin\  and  the  first  traces  of  the  primordial  fftima 
(Thecay  Oholua,  &o.) ;  thickness  from  not  more  than  50  or  60  to  400  feet 
(2)  ^'  Paradoxides  Beds  " — black  alum  slates,  with  an  intercalated  bud 
of  limestones  (Andrarumskalk) ;  united  thickness  only  a  few  feet  Ac- 
cording to  Linnarsson  the  group  may  be  subdivided  into  six  zones,  each 
marked  by  its  characteristic  trilobite,  viz.,  1.  Paradoxides  Kfendfi;  2.  P. 
Tessini  ;  3.  P.  Davidis  ;  4.  P.  Oelandicua  ;  6.  P.  ForchlMrmneri  (  =  Andranm 
limestone) ;  6.  Agnoatus  leevtgatus.  The  same  author  gives  a  census  of  the 
fauna  of  these  beds,  from  which  it  appears  that  they  contain  44  species  of 


contaiDing 

yet  believed  by  Linnarsson  to  contain  palteontological  equivalents  for 
every  horizon  of  the  thick  English  Lin^ula  flags.  (4)  **  Dictyonema 
8chists,'\full  of  Dictyonema  flabdliforme  with  a  Dichograptua  and  OholdkL 
A  remarkable  group  of  primordial  trilobites  has  recently  been  obtained 
from  a  limestone  {JExtdana  zone)  lying  probably  about  the  horizon  of  the 
Tessini  zone  in  Scania.  The  forms  are  for  the  most  part  peculiar  to  Scan- 
dinavia, and  include  species  of  the  genera  Paradoondes^  Oonowrypke,  Uoi- 
tracuSy  Solenopleura^  Agnosius,  Hyoliihus  (^Theca),  LinguleUa^  and  Oboldk} 

It  is  uncertain  whether  the  Scandinavian  Cambrian  series  should  be 
regarded  as  representing  the  whole  of  the  enormously  thicker  firitish 
system  or  only  the  upper  part  of  it.  On  the  former  supposition  we 
must  conceive  that  while  the  British  area  underwent  a  subsidence  of 
more  than  20,000  feet  the  Scandinavian  r^on  did  not  sink  more  thin 
about  a  hundredth  part  of  that  amount.  The  Cambrian  formatioiu 
appear  to  thin  out  eastwards  from  Sweden,  for  they  have  not  yet  been 
satisfactorily  recognized  among  the  undisturbed  Palasozoio  sediments  of 
north-western  Bussia. 

In  Central  Europe  Cambrian  rocks  appear  from  under  later  aocm- 
mulations  in  Belgium  and  the  north  of  France,  Spain,  Bohemis. 
and  the  Thuringer  Wald.  The  most  important  in  France  vA 
Belgiimi  is  that  of  the  Ardennes,  where  the  principal  rocks  are  grit, 
sandstone,  slates,  and  schistose  quartzites  or  quartz-schists  (qmrtso- 
phyllades  of  Dumont),  with  bands  of  whet-slate,  quartz-pcq^hyry, 
diabase,  diorite,  and  porphyroid.  According  to  Dumont  these  TodkB, 
comprehended  in  his  *'  Terrain  Ardennais,"  can  be  grouped  into  thre« 
great  subdivisions — 1st,  the  "Syst^me  DeviUien,"  pale  and  ^jreeniA 
quartzites  with  slates  or  phyllades,  containing  Oldkamia  radtala  and 
annelide  tubes;  2nd,  the  **Syst^me  Bevinien,"  phyllades  and  U<^ 
pyritous  quartzites  from  which  Dictyonema  sociaUy  EophyUm  Limmami^ 
and  worm-burrows  have  been  obtained;   3rd,  the  *'Syst^me  Sahnien" 

>  KjeruU;  **  Geologie  des  Sadl.  imd  Mittl.  Norwegen,'*  1880.  W.  Btdmr,  St^ 
Mag.  1876.  Geol.  Form.  Forhandl.  1875-76.  Anedin,  **  Palaontdogia  SoedA 
1851-54.  Dahll,  **  Videnak-Selsk.  Forhandl."  1867.  LinnaraBoo,  •«  SventEVet  Ak>^ 
Handl."  1876,  ui.  No.  12 ;  OeoL  Mag.  vi.  (1869),  p.  393 ;  iii.  2iid  Dec  1876,  p.  145.  ^Cto 
Fatmen  in  Kalken  med  Conocoryphe  exulans^"  Stockholm,  1879.  Lfrndgnm,  in  ttft  to 
Angelinas  Qtol  Map  of  Scania,  N.  Jahrh.  1878.    Lapworth,  Choi  Mag.  1881,  p.  860. 
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consifiting  mainly  of  quartzose  and  sohistose  strata  or  quartzo-phyllades, 
and  yielding  remains  of  Paradozides  and  Lingula,  All  these  rooks  have 
been  greatly  disturbed  and  are  covered  nnconformably  by  Devonian  and 
later  formations.^  In  the  north-west  of  Franoe  a  large  tract  of  Palesozoio 
rooks  spreads  through  Brittany  and  the  west  of  Normandy.  Recent 
researches  have  shown  that  in  that  region  there  is  an  old  gneiss  with 
overlying  mica-schists  followed  by  a  mass  of  what  used  to  be  called 
*'  transition  "  strata,  which  appear  to  contain  representatives  of  Cambrian, 
Siltirian,  and  Devonian  deposits.  Towards  the  west  of  this  region  Ihe 
gneiss  and  mica-schist  are  succeeded  by  green  silky  talcose-schiste  (phyl- 
Etdes  de  Douamenez)  and  then  by  100  to  120  metres  of  conglomerate 
and  red  shale.  These  strata  may  be  Cambrian.  Thev  are  followed  by 
a  persistent  group  of  white  sandstone  and  shale  witn  Scolithus  linearis 
{Urh  armoricain),^  which  may  be  the  basement  zone  of  the  Silurian 
system  of  the  north-west  of  France.  In  the  basin  of  Bonnes  considerable 
haxidB  of  limestone,  sometimes  magnesian,  together  with  quartzites, 
conglomerates,  and  greywaokes  occur  in  the  great  series  of  Cambrian 
schists.  Traces  of  annelides  and  perhaps  of  Oldhamia  occur  in  these 
strata,  but  no  evidence  of  the  true  primordial  zone  with  its  characteristic 
trilobite  fauna  has  yet  been  discovered.^ 

The  classic  researches  of  M.  Barrande  have  given  to  the  oldest  fossil- 
iferous  rocks  of  Bohemia  an  extraordinary  interest.  He  has  made 
known  the  existence  there  of  a  remarkable  suite  of  organic  remains 
representative  of  those  which  characterize  the  Cambrian  rocks  of  Britain. 
At  the  base  of  the  geological  formations  of  that  region  lie  the  Archaean 
gneisses  already  mentioned.  These  are  overlaid  by  vast  masses  of  schists, 
conglomerates,  quartzites,  slates,  and  igneous  rocks,  which  have  been 
more  or  less  metamorphosed,  and  are  singularly  barren  of  organic 
remains,  though  some  of  them  have  yielded  traces  of  annelides.  They 
pass  up  into  certain  grey  and  green  fussile  shales,  in  which  the  earliest 
well-marked  fossils  occur.  The  organic  contents  of  this  !l6tage  C  or 
Primordial  zone  form  what  M.  Barrande  terms  his  primordial  &una,  which 
contains  40  or  more  species,  of  which  27  are  trilobites,  belonging  to  the 
characteristic  Cambrian  genera — Paradoxidea  {I2)y  Agnostua  (5),  Conocoryphe 
(4),  EllipsocephcUua  (2),  Hydrocephalus  (2),  ArioneUus  (1),  Sao  (1\  Not  a 
single  species  of  any  one  of  these  genera,  save  Agnostus  (of  which  four 
species  appear  in  the  second  fauna),  has  been  found  by  M.  Barrande  higher 
than  his  primordial  zone.  Among  other  organisms  in  this  primordial  fauna, 
the  brachiopods  are  represented  by  two  species  (Orthis  and  Orhicula),  the 
pteropods  by  five  (71ysca\  and  the  echinoaerms  by  five  oystideans. 

North  Amerioa. — ^Kocks  corresponding  in  position  and  in  the 
general  character  of  their  organic  contents  with  the  Cambrian  formations 
of  Europe  have  been  recc^ized  in  difierent  parts  of  the  United  States 
and  Canada.  They  appear  in  Newfoundland,  whence,  ranging  by  Nova 
Scotia  and  New  Brunswick,  they  enter  Canada,  the  northern  parts  of 
New  York,  Vermont,  and  eastern  Massachusetts.  They  rise  again  along 
the  Appalachian  ridge,  in  Wisconsin,  Minnesota,  Missouri,  Arkansas, 

*  Dewalqne, "  Prodrome  d'une  Deacription  €^1.  de  la  Belgiqne,'*  1868.  Mourlon, 
**  Q^ologie  de  la  Belgiqne,"  1880.  Goeselet,  **  EsqaiBse  6^1.  du  Nord  de  la  Fiance, 
Ac"  1880. 

«  Banrois,  BuU.  Soc.  04ol  Franoe,  v.  (1877),  p.  266. 

»  Tromeliii  et  Lebeeoonte,  BuO.  8oo,  G4ol,  France^  iv.  (1876),  p.  688.  Barrois,  Op. 
cU.  V.  (1877X  P-  267. 
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Texas,  and  Georgia.  Westwards  from  the  great  valley  of  the  MissisBimH, 
where  ^ey  have  been  found  in  many  places,  they  reappear  from  mider 
the  Meeozoio  and  younger  Palasozoio  rocks  of  die  Bocky  Mountains. 
They  have  been  divided  by  American  geologists  into  two  formationfr— 
(1)  Acadian,  a  mass  ^2000  feet)  of  grey  and  dark  shales  and  some  eaod- 
stones ;  and  (2)  Potsaam  (or  Georgian),  which  attains  in  Newfonndlaad 
a  depth  of  5600  feet,  but  thins  away  westward  and  southward  till  in  the 
valley  of  the  St.  liawrence,  where  it  was  studied  by  Logan  and  his 
associates  of  the  Geolc^cal  Survey  of  Canada,  it  is  only  from  300  to  600 
feet  thick. 

Among  the  organic  remains  of  the  North  American  Cambrian  rocb 
fucoid  casts  appear  in  many  of  the  sandstones,  but  no  traces  of  higher 
vegetation.  The  Acadian  formation  has  yielded  primordial  trilobitef  of 
the  genera  ParadoxideSt  Conocor^phey  AgnoUus,  and  some  others  ;  bradiio- 
pods  of  the  genera  LinguUUa^  Discina^  OboleUa,  and  Oriki$ ;  and  seTsral 
kinds  of  annelide-tracks.  The  Potsdam  rocks  contain  a  few  sponges,  the 
earliest  forms  of  graptolite,  some  brachiopods,  including,  besides  the 
genera  in  the  A^ian  beds,  OMu$y  CamareUa,  and  Orikimna;  scmie 
pteropods  (HyoUthtu  or  Hieca);  two  species  of  Orihocerag ;  annelide- 
tracks;  trilobites  of  the  genera  Canoconfphe,  Agnaatus,  DUcdoeephaht, 
OleneHuB,  Ptychaapis^  Charioeephdlui,  Agku^^  and  BUmwus.  Some  of 
these  genera  ascend  into  the  base  of  the  Silurian  system,  but  AgUupit, 
Oharioeq>hdlu9^  iZfonicnu,  OleneUui^  Paradoxides^  Phempkigatjpu^  and 
TriarthteUa  are  confined  to  the  Cambrian  zones. 

M.  Barrande  has  called  attention  to  the  remarkable  uniformity  d 
character  in  the  organic  remains  of  his  primordial  eone  over  the  con- 
tinents of  Europe  and  America.  He  published  eleven  years  ago  the  sub- 
joined table,  to  show  how  dose  is  the  parallelism  between  tiie  proportioiki 
in  which  the  dififerent  daraes  of  the  animal  kingdom  are  represented.' 
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*  TVOobOef,  Pngae,  1871,  p.  193.  Sinoe  the  jmblioation  of  this  table  the  loegfc*  ^ 
reeearch  has  increased  the  Dumber  of  species  from  most  localities;  hat  the  gOMi*! 
faoies  of  the  primordial  fkuoa  has  not  been  materially  affected  tbeivby. 
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Seotion  II.     Silorian. 

The  important  system  of  rocks  next  to  be  described  was  first 
investigated  by  the  late  Sir  B.  I.  Murchison  in  Wales  and  the  bor- 
dering counties  of  England.  He  found  it  to  be  characteristically 
developed  over  the  tract  once  inhabited  by  the  Silures,  an  ancient 
British  tribe,  and  he  thence  chose  the  name  of  Silurian  as  a 
convenient  designation.  Passii^  down  conformably  into  the  Tre- 
madoc  slates  at  the  top  of  the  Uambrian  series,  and  being  covered 
conformably  by  the  base  of  the  Old  Bed  Sandstone,  it  there  repre- 
sents a  somewhat  better  defined  section  of  Palaeozoic  time  than  the 
Cambrian  system,  and  offers  a  more  satisfactory  base  for  comparison 
in  other  countries.  No  geolc^ical  suite  of  deposits  has  been  traced 
over  a  wider  extent  of  the  earth's  surface,  or  presents,  on  the  whole, 
so  uniform  a  series  of  lithological  and  palieontological  characters. 


§  1. — General  Characters. 

BooKa — ^The  Silurian  system  consists  usually  of  a  massive  series 
of  greywackes,  sandstones,  grits,  shales,  or  slates,  with  occasionid  bands 
of  limestone.  The  arenaceous  strata  include  pebbly  grits  and  con- 
glomerates, which  are  specially  apt  to  occur  at  or  near  any  local  base 
of  the  formation,  where  they  rest  unconfurmably  on  older  rocks. 
Occasional  zones  of  massive  conglomerate  occur,  as  among  the 
Llandovery  rocks  of  Britain.  The  argillaceous  strata  are  in  some 
regions  (Livonia,  &a)  mere  soft  clays  :  most  commonly  they  are  hard 
fissile  shales,  but  in  some  regions,  (Wales,  &c).,  where  they  have 
been  subjected  to  intense  compression,  they  appear  as  hard  cleaved 
slates  or  even  as  schist  and  gneiss  (Scotland,  Ireland).  In  Europe 
the  limestones  are,  as  a  rule,  lenticular,  as  in  the  examples  of  the 
Bcda,  Aymestry,  and  Dudley  bands,  though  in  the  basin  of  the  Baltic 
some  of  the  limestones  have  a  greater  continuitv.  Li  North  America, 
on  the  other  hand,  the  Trenton  limestone  in  the  Lower,  and  the  Niagara 
limestone  in  the  Upper  Silurian  system  are  amoi^  the  most  persistent 
formations  of  the  United  States.  Easily  recognizable  bands  in  many 
Silurian  tracts,  especially  in  the  north-west  of  Europe,  are  certain 
dark  anthracitic  shales  or  schists,  which,  though  sometimes  only 
a  few  feet  thick,  can  be  followed  for  many  leagues.  As  they  usually 
contain  much  decomposing  iron  disulphide  which  produces  an  efilores- 
oence  of  alum,  they  are  known  in  Scandinavia  as  the  alum-schists. 
In  Scotland  they  are  the  chief  repositories  of  the  Lower  Silurian 
graptolites.  Their  black,  coal-like  aspect  has  led  to  much  fruitless 
mining  in  them  for  coal.  In  the  nortnem  part  of  the  State  of  New 
York,  a  series  of  beds  of  red  marl  with  salt  and  gvpsum  occurs  in  the 
Upper  Silurian  series,  and  in  the  Salt  Bange  of  the  Punjaub  a  group 
of  saliferous  strata  belongs  to  a  still  older  period.    These  salt-baring 


Digitized  by 


Google 


662  STBATIGBAPHICAL  GEOLOGY.        [BookVL 

deposits  are  the  oldest  yet  discovered.  In  Styria  and  Bohemii 
important  beds  of  oolitic  naematite  and  siderite  are  interstratified  with 
the  ordinary  greywackes  and  shales.  Occasionally  sheets  of  Tarioos 
eruptive  rocks  (felsites,  diabases,  diorites,  &G^  occur  contempor- 
aneously imbedded  in  the  Silurian  rocks  (N.  Wales,  &c.),  and  witk 
their  associated  tuffs  represent  the  volcanic  ejections  of  the  time. 

As  a  rule  Silurian  rocks  have  suffered  from  subsequent  geological 
revolutions,  so  that  they  now  appear  inclined,  folded,  contorted, 
broken,  and  cleaved,  sometimes  even  metamorphosed  into  crystalline 
schists.  In  certain  regions,  however  (Basin  of  the  Baltic,  New  York, 
&c.),  they  still  remain  nearly  in  their  original  undisturbed  positioiiflw 

Life. — The  general  aspect  of  the  life  of  the  Silurian  period  so&r 
as  it  has  been  preserved  to  us,  may  be  gathered  from  the  following 
summary  published  by  Dr.  Bigsby  in  1868 — -plants  82  species ;  amor- 
phozoa  136 ;  foraminifera  25 ;  coelenterata  507 ;  echinodermata  500 
annelida   154;    cirripedes   8;    trilobita   1611;   entomostraca   318 
polyzoa  441;  brachiopoda  1650,  monomyaria  168;   dimyaria  541 
heteropoda  358;  gasteropoda  895;   cephalopoda  1454;   pisces  37. 
class  uncertain  12 ;  total  8897  species.    M.  I^arrande  in  1872  pub- 
lished another  census  in  which  some  variations  are  made  in  the 
proportions  of  this  table,  the  total  number  of  species  being  raised  to 

The  plants  as  yet  recovered  are  chiefly  fucoids.  In  many  cases 
they  occur  as  mere  impressions  which  may  sometimes  be  not  erf 
vegetable  origin  at  all,  but  casts  of  the  trails  or  burrows  of  worms,  &e. 
Among  the  most  abundant  genera  are  BtUhotrephis,  Arthrophfcui, 
PaliBophycus,  and  NemcUophycits  (Oarruth.),  the  latter  having  appa- 
rently been  a  gigantic  form  somewhat  like  the  living  arborescent 
Lessania.  But  in  the  Upper  Silurian  rocks  beautifmly  preserved 
sea-weeds  like  the  living  delidiwn  or  Plooatnium  occur,  such  as  the 
Chondrites  vermimlis  (Salt.)  of  the  Ludlow  rocks  of  Edinburgh- 
shire. Traces,  however,  of  a  higher  vegetation  have  been  discovered 
which  are  of  special  interest  as  bein^  the  earliest  known  remains  of  • 
land  flora.  Many  years  ago  certam  minute  bodies  found  in  the 
Ludlow  bone-bed  were  regarded  as  lycojKxiiacoous  spore-caaes,  bat 
some  doubt  has  been  cast  on  their  organic  grade.  More  recently, 
however.  Dr.  Hicks  has  obtained  from  the  Denbighshire  grits  of 
N.  Wales  other  spores  probably  lycopodiaceous.*  True  lycopods 
(Sagenaria)  have  oeen  met  with  in  tne  Upper  Silurian  rocks  of 
Bohemia  and  a  supposed  fern  (Eopteria  Anaegaveris)  in  the  Lower 
Silurian  slaty  schists  of  Angers  containing  Calymene  Tridani}  From 
the  Clinton  limestone  of  Ohio  portion  of  a  lepidodendroid  tree 
(Olyptodendron  EcUonense)  has  been  obtained.  The  Cincinnati  group 
of  strata  has  also  yielaed  a  Sphenophyllum,  From  the  meagi® 
evidence  as  yet  collected,  it  would  appear  that  the  land  of  the 

»  Q.  J.  Oed.  8oe.  1881,  p.  482. 

»  G.  l>e  Saporta.  Comptef  rendut^  Ixxxv.  (1877),  No.  10.  M.  MeuDier-GhAliiMit  htf 
HuggcHtcd  that  this  Buppofled  fern  it  a  oryetallization  of  pjrritea— a  Ti«w  taken  abo  ^ 
Mr.  Carrutben. 
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Silurian  period  had  a  cryptogamic  vegetation  in  which  lycopods  and 
ferns  no  doubt  played  the  chief  part. 

In  the  fauna  of  the  Silurian  rocks  the  most  lowly  organisms 
known  are  foraminifera,  of  which  several  genera,  including  the  still 
living  genus  Saccammina,  have  been  detected.  Among  these  forms 
may  perhajis  be  included,  the  singular  fossils  described  as  Ischadites, 
Beceptaeulttes,  and  Nidtdites,  of  which  the  true  relations  are  not  yet 
well  understood.  The  Silurian  seas  possessed  representatives  of  the 
calcareous  and  of  the  siliceous  sponges  of  modern  times.  Under  the 
former  group  may  be  placed  the  genus  Arehasocyathus  of  the  Lower, 
and  the  genera  ,  Astrseospongia  and  Amphispongia  of  the  Upper 
Silurian  rocks;  under  the  latter  group  come  AstyloBpongia  and 
Protachilleum.  With  these  fossils  may  be  placed  the  abundant  and 
still  doubtful  form  Sframatopora. 


Fio.  822. — Gbottp  of  Lower  Silubian  Gbaptolttes. 

a,  Monograptns  (Oraptolithus)  priodon  (Bronn) ;  b,  PhyUograpttis  t^rptiB  (Hall) ;  c,  Dip- 
lograptQB  foliam  (His.);  d,  Bastrites  perefninns  (Barr);  e,  Didjrmograptos  Mur- 
omaonii  (Beck) ;  /,  Monograptus  (QraptolithuB)  Sedgwiokii  (Portl) ;  g,  Dicrano- 
graptos  TamoeoB  (Hall) ;  h,  Tetragraptus  Hicksii  (Hopk.). 

Some  of  the  most  plentiful  and  characteristic  denizens  of  the 
Silurian  seas  were  undoubtedly  the  various  hydrozoan  genera  united 
under  the  common  name  of  graptolites  (Fig.  322).  Among  the 
monoprionidian  forms,  or   those  with  a  single  row  of   cells,  the 

fenera  Eastrites  and  Monograptus  {OraptoHthiis)  are  abundant.  The 
iprionidian  forms,  or  those  with  two  rows  ol  cells,  specialljr  cha- 
racteristic of  the  lower  subdivision  of  the  Silurian  system,  are  richest 
in  genera,  of  which  some  of  the  commonest  are  Diphgraptus,  DieeUo- 
graptuSf  Didymoaraptus^  and  Climacograptus. 

Corals  must  have  swarmed  on  those  parts  of  the  Silurian  sea^-floor 
on  which  calcareous  accumulations  gatnered,  for  their  remains  are 
abundant  among  the  limestones,  particularly  in  the  upper  division  of 
the  system,  .^ong  the  tabulate  forms  are  the  genera  FavosUes,  so 
characteristic  in  the  Upper  Silurian  limestones  of   Europe  and 
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America,  Choetetes,  Thecia,  Ealyntes  or  chain  oora!,  Syringopcf^ 
and  Tetradium.  The  rugose  corals  are  likewise  abundant,  some 
conspicuoos  genera  being  Stauria,  CyaihaxomOf  Ojfoihoj^iij^bm, 
Zaphrentis,  Peiraia,  Omphyma  (Fig.  327),  Strombodes,  FtyAo' 
phyUum,  and  Acervularia  (Fig.  327).  The  echinoderms  were 
represented  by  star-fishes  {PcJseaster,  PdUeasterina^  PaUeoeomOi 
Lepidaster)^  brittle-stars  (Protaster,  Eudadia),  many  forms  ot 
crinoids  {Actinoerinus^  Cyathocrinus,  GlyptoerinuSf  Eucaiyptoerwm, 
TaoM>erinu8,  &c.),  and  particularly  by  species  of  the  extdnct  Paleo- 
zoic order  of  cystideans  (EchinospJiwrites,  SphsBranttes,  PleuroeydUtit 
Hemicoamites).  The  annelides  of  the  Silurian  sea-bottom  comprised 
representatives  of  both  the  tubicolar  and  errant  orders.  To  the 
former  belong  the  genera  ComuHtes^  Ortonia,  ConckicdiieSy  SerputitOj 
and  also  the  still  living  genus  SpirorUs.  The  errant  forms  are 
known  only  by  their  burrows  or  trails  which  occur  in  immeDse 
profusion  on  the  snriaces  of  shales  and  sandstones.  Names  have 
been  given  to  these  markings  {ArenicoUtes^  Chondrites^  NereiUB, 
Seoliims,  &c.). 

The  Crustacea  of  the  period  have  been  abundantly  preserved  and 
form  some  of  the  most  familiar  and  distinctive  fossils  of  tbe  syBtem, 
Within  the  last  few  years  undoubted  cirripedes  have  been  found  in 
the    Silurian    rocks    of    Britain,   Bohemia,   and    North    America 
{TvrrilepaSy    AncUifopais).      Small    ostracods    abound    in    certain 
shales,  some  of  the  most  frequent  genera  being  Entomis,  BeyridUa, 
Primitia,  Leperditia,  Aristozoe,  Orozoe,  CalUzoe.    The  phyliopodi, 
which,  as  we  have  seen,  made  their  appearance  in  Cambrian  timee, 
continue  to  occur  on  scattered  horizons,  and  generally  not  in  great 
numbers,  throughout  the  Silurian  rocks;  characteristic  genera  are 
GaryocariSj  Peltocaris,  Diseinocaris,  Ceratiooaris,  Didyoearis,  Chyfio- 
carts,  and  AptychopHs.    But  by  far  the  most  prolific  order  i^tbat  of 
the  trilobites  (t^ig.  323),  which,  beginning  in  the  Cambrian,  attained 
its  maximum  development  in  the  Silurian,  waned  in  the  Devonian, 
and  became  extinct  in  the  Carboniferous  period.     According  to 
the  census  of  Barrande  in  1872  there  were  then  1579  known  species. 
A  few  of  the  primordial  genera  continued  to  live  on  into  Lower 
Silurian  times,  such  as  Olenus^  Agnostus,  and  Conoeoryjhe,    Bat 
many  new  genera  made  their  appearance  and  continued  to  live 
through  most  of  the  Silurian  period.    In  the  lower  division  of  the 
system,    characteristic    genera    are    Asaphus,    Atnphian,    Ampjf^ 
iarrandia,  Cybele,  Ogygia,  Bemopleurides,  and  Trinudeus;  many 
genera  are  common  to  both  the  lower  and  upper  formations  (but 
usually  with    specific  distinctions),  such    as  Adda^pis,  Calynf^ 
Chei^*ijru8,  Encrinurus,  Homalonotvs,  Ultenus,  Lichas,  and  Phacofi' 
Towards  the  top  of  the  system  eurypterids  make  their  appearance, 
and  continue  to  occupy  a  prominent  place  until  the  CarboniferojM 

Seriod.     The  Silurian  genera  are  Pteirygotus,  Eurypterus,  Slimoni^ 
iylonurua,  and  Hemiaspis. 
The  polyzoa  of  Silurian  times  have  been  tolerably  well  preserved, 
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and  present  many  peculiarities  of  strnctnre.  One  of  the  most 
abundant  genera  is  FenesteUa^  which  ranges  from  Lower  Silurian  to 
Permian  rocks ;  another,  Piilodictya,  ascends  into  the  Carboniferous 
system.  Other  genera  are  Ret^ora,  Paleschara,  and  Eippothoa.  So 
abundant  are  the  brachiopods  and  so  characteristic  on  the  whole  are 
the  species  of  them  occurring  in  certain  Silarian  zones  or  bands,  that 
these  fossils  must  be  regarded  as  of  special  value  for  purposes  of 
stratigraphical  comparison.  The  old  and  still  living  genera  x)t8c»na, 
lAngula,  and  Crania  are  found  on  different  horizons  in  the  Silurian 
series.  Characteristic  types  are  Aerotreta,  Atrypa,  Leptasna^  Meri- 
stella,  Orthis^  Peniamerua,  Porambonites^  Bhynchonella,  Siphonotreta^ 
Spirt/era,  Strieklandinia,  Strophomena,  and  Triplesia.    Some  of  these 


Fio.  823. — Group  of  Lower  8n.uRiAN  TRn^oBms. 

1,  nittDos  Davisii  (Salt.)  (4) ;  2,  Calymene  brevicapitata  (Port!.) ;  8,  Ogvna  Buohii 
(Brongn.)  (p ;  i.  AaaphuB  tyrannnB  (Mnrch.)  (^) ;  5,  Ampyx  nndciB  (nxaoh.)  (1) ; 
6,  JSglioa  binodofla  (Salt) ;  7,  Aoidaspis  Jamesii  (Salt.) ;  8,  TrinuoleciB  Lloymi 
(Mmoh.). 

are  particularly  distinctive  of  certain  zones.  Thus  the  Pentameri 
are  so  common  in  the  so-called  middle  Silurian  rocks  in  Britain  that 
these  strata  received  the  name  of  the  "  Pentamerus  beds,"  (Fig.  326). 
Orihia  is  most  abundant  in  species  in  the  lower  part  of  the  Silurian 
system :  Bhynchonetta  and  Spirifera  occur  chiefly  in  the  upper.  The 
lamellibranchs  have  been  less  abundantly  preserved ;  some  of  their 
most  frequent  genera  are  the  monomyarian  Ambonychia  (Fig.  328) 
and  Pterinea  and  the  dimyarian  Cienodonta,  Modiolopais,  Ooniophora, 
Orthonota  (Fig.  328),  CleidopJu>rus  (Fig.  325),  PaUearca,  and  Bedania 
(Fig.  324). 

Of  the  gasteropods  of  the  Silurian  seas  upwards  of  1300  species 
have  been  named ;  some  of  the  more  frequent  genera  are  AcrQeulia^ 
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Oyelonema,  Euomphdlus,  SelicdomOy  Holopsea,  SdlopeUa^  Mwrthimmi^ 
dfhUeta^  Plaiysehisma,  Plewrotomaria,  Baphistoma,  and  SulmlileL 
Some  heteropod  forms  occnr,  e.g,  BeUerapJum  and  Mtidurea^  bat 
pteropods  are  more  frequent,  l>eing  represented  sometimes  abmi- 
dantl^  by  the  genera  Tentaculites  (regarded  by  some  as  an  annelide), 
Byohihus  (or  Theea\  Oanidaria,  and  Pterotheca.  That  the  salt  waten 
of  the  Silurian  era  swarmed  with  cephalopods  may  be  inferred  from 
the  fact  that  according  to  Barranae's  census  no  fewer  than  1622 
species  have  been  described.  They  are  all  tetrabranchiate.  Some 
of  the  most  abundant  forms  are  straight  shells,  of  which  OrAoeeroM 
(Figs.  324, 328)  is  the  type.  This  characteristically  Palseozoic  genm 
abounded  in  the  Silurian  period  and  many  of  its  individuals  attained 
a  great  size.  Barrande  has  described  upwards  of  550  species  from  tiie 
basin  of  Bohemia.  Of  Oyrtoceras,  in  which  the  shell  was  curved^  the 
same  small  area  has  yielded  more  than  330  species.  Phrciffmoeeras 
(Fig.  328)  likewise  possessed  a  curved  shell,  but  with  an  aperture  eon- 
tracted  in  the  middle.  In  Ascoceraa  the  shell  was  globular  or  flask- 
shaped,  with  curiously  curved  septa ;  in  Lituites  Q^ig.  328)  it  was 
curled  like  that  of  Nautilus  The  two  latter  genera  occur  in  Silurian 
rocks,  but  while  Lituites  never  outlived  the  Silurian  period,  NautHm 
is  still  a  living  denizen  of  the  sea. 

The  first  traces  of  vertebrate  life  make  their  appearance  near  the 
top  of  the  Silurian  system.  They  consist  of  the  remains  of  fishes,  the 
most  determinable  of  which  are  the  plates  of  placoderms  (P^eraqpu; 
Coccosteus).  The  bone-bed  of  the  Ludlow  rocks  has  also  yielded 
certain  curved  spines  which,  under  the  name  of  Onchus^  hare  been 
referred  to  a  cestraciont,  and  some  shagreen-like  plates  which  have 
been  supposed  to  be  scales  of  placoid  fishes  (Sphagoaus,  Thelodtui),  and 
bodies  like  jaws  with  teeth  which  have  been  r^;arded  as  iaws  of 
fishes  {Pledrodm).  It  is  possible,  however,  that  some  at  least  of 
these  remains  have  been  incorrectly  determined,  and  may  be 
crustacean.  The  Upper  Silurian  rocks  have  yielded,  both  in  Europe 
and  North  America,  great  numbers  of  minute  tooth-like  bodies  which 
were  named  ^^ConMonts"  bv  their  discoverer.  Pander,  and  were 
supposed  to  be  the  teeth  of  such  fishes  as  the  lamprey,  whidi 
possessed  no  other  hard  parts  for  preservation.  These  oodies  have 
oeen  also  referred  to  different  divisions  of  the  invertebrata,  their  troe 
position  being  still  matter  of  dispute. 

§  2.    Local  Development. 

Britain.^ — ^In  the  typical  area  where  Murchison's  disooveries  were 
first  made  he  found  the  Silurian  rocks  divisible  into  two  ^reat  and  weU- 
marked  series,  which  he  termed  Lower  and  Upper.    This  dassifioatioD 

>  See  Mmohison't  **  Silurian  System,"  and  **SiliiriA;"  Sedgwick's  «8jnopa»* 
(cited  p.  652) ;  Ramsay'B  **  Nortli  Wales  "  in  Memoin  of  QtoL  Swrt,  vol  iiL ;  Ethflndg^ 
Address  Q.  J.  OtoL  8oc,  ISSl ;  nnmerous  local  memoirs  in  recent  Tolnmes  of  the  Qmut 
Joum.  Geol.  8oe,  and  Gtol,  Mag^  particularly  by  Hicks,  Ward,  Hnghes,  Keeptaf  ,  Lap* 
worth,  ftc 
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lias  been  found  to  hold  good  over  a  large  part  of  the  world.  The  sub- 
joined table  shows  the  arrangement  and  nomenclature  of  the  various 
subdivisions  of  the  Silurian  system : 

Feet. 
7.  Lndlow  group  ....     1950 


Upper  Bilorian. 


Lower  Silnriaii. 


6.  Wenlock  group 

5.  Upper  Llandovery  group 

'4.  Lower  Llandovery  group 

8.  Bala  and  Caradoo  group 

2.  Llandeibnonp 

,L  Aienig  or  Stiper  Btone  group 


1600 
1500 
1000 
6000 
2500 
4000 


Approximate  average  thiekneB8= 18,550 

Lower  Silurian. — 1.  Arenig  or  Stiper  Stone  Oroup, — These  rocks 
consist  of  dark  slates,  shales,  flags,  and  bands  of  sandstone.  They  are  abun- 
dantly developed  in  the  Aienig  mountain,  where,  as  originally  described 
by  Sedgwick,  they  contain  masses  of  associated  porphyry.  Throughout 
that  district  they  have  been  deposited  at  a  time  wnen  streams  of  lava  and 
showers  of  volcanic  ashes  were  thrown  out  in  great  quantity  from  sub- 
marine vents.  They  contain  an  abundant  suite  of  organic  remains  (<63 
genera  and  150  species),  of  which  only  eleven  genera  and  sixteen  species 
are  common  to  the  Tremadoc  beds  below,  while  eight  genera  and  nine 
species  pass  up  into  the  next  KToup.  New  genera  of  trilobites  make  their 
appearance  in  these  rocks  ^^(ttio,  Barrcmdea^  Calymene^  Homalonohu^ 
Jt&tiopm9,  lUanue^  Phacope^  Placoparia^  Trinudeui).  Eight  species  of 
pteropods  {Conulariay  Theca),  eighteen  species  of  brachiopods  {LingtUa, 
Lingutetta^  Oholella^  Dtscina^  Siphonotreta^  Orihis),  six  lamellibranchs,  four 
gasteropods,  and  five  cephalopods  have  been  foimd ;  but  the  most  abun- 
dant organisms  are  the  graptolites,  of  which  the  Arenig  rooks  of  St. 


FiQ.  824.— Gboup  or  Asxniq  Fossils. 
1,  Orthooeras  onreeeiense  (Hidks);  2,  Bellerophon  llanvimensifl  (Hioks);  8,  Orthis 
oalligramma(Dalm.) (enlarged);  4,Bedoiuaanglica(Sali);  5, Pftlnaioa amygdalui 
(Salt). 

David's,  in  Pembrokeshire,  have  vielded  forty-two  species,  which  belong 
to  eighteen  genera,  inclndiug  Dtdymograptue^  Tetragraptui,  DipHograpUu^ 
Denarograptui^  and   CciUograptua.^     This  sudden  and  great  development 

>  Hicks,  Quart  Jtmm.  OeoL  809.  xzxL  167.    Hopkinson  and  Lapwortb,  ibid,  p.  635 
Etheridge,  ibid,  xzzvii.  p.  89. 
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of  these  organismB  gives  a  distinctiTe  aspect  to  the  Arenig  rocks.  Qrdif- 
tolites  oontinue  abimdant  in  the  overljing  Llandeilo  group,  so  that  thej 
form  in  Britain  a  convenient  character  by  which  to  mark  off  the 
Cambrian  from  the  Lower  Silurian  fauna. 

A  remarkable  feature  in  the  history  of  the  Arenig  rocks  in  Waks 
was  the  volcanic  action  during  their  formation,  whereby  vast  piles 
of  various  felsitic  or  rhyolitic  lavas  and  tuffs  were  erupted  to  the  snr&oe 
and  interstratified  with  the  contemporaneously  deposited  sediiDents. 
Some  of  the  more  important  Welsh  mountains  consist  mainly  of  these 
ancient  volcanic  materials — Cader  Idris,  the  Arans,  Arenig  Mountain, 
and  others. 

2.  Llandeilo  Choup, — These  dark  argillaceous  and  occasionally  calca- 
reous flagstones,  sandstones,  and  shales  were  first  described  by  Mnrchison 
as  occurring  at  Llandeilo,  in  GarmartheDshire.  Tbey  reappear  near 
St.  David*8,  on  the  coast  of  Pembrokeshire,  and  at  Builth,  in  Radnor- 
shire. Up  to  the  present  time  they  have  yielded  80  genera  and 
175  species  of  fossils.  Of  these  eight  genera  and  nine  species  are 
common  to  the  Arenig  below,  38  genera  and  73  species  to  the  Caradoc  and 
Bfida  above,  while  34  genera  and  93  species  are  peculiar.  The  hydrosoa 
are  still  abnndant  forms,  certain  dark  shales  being  copiously  charged 
with  ffraptolites.  Of  Crustacea  45  species  belonging  to  18  or  20  Mnera 
have  oeen  obtained.  These  include  characteristic  trilobites  which  do 
not  range  beyond  this  group— il«apMM  tyrannua^  Barrandea  Cordaiy  Cafy- 
mene  cambrensiSy  Cheirurua  SedgioicJni,  Ogygia  Buchii,  Trinudeiu  conceniriew^ 
T.  Lloydii,  T.  favus.  The  phyllopod  PeUocaris  aptychoidea  is  also  peculiar. 
The  brachiopods  number  34  species,  including  the  genera  Acroireia^ 
Crania,  Lepteena,  Bhynchonella,  and  Strophomena^  which  here  make  their 
first  appearance.  The  lamellibranchs  are  represented  by  six  species,  the 
gasteropods  by  12  (Murchiaonia,  Cyclonema,  Loxonenui),  the  heteropods  by 
seven  (Belleraphon),  the  pteropods  by  two  {ConuUma,  Theea),  the  oephalo- 
pods  by  seven  (^Orthoceras,  Piloceras,  Endoceras). 

3.  Caradoe  and  Bala  Chroup, — Under  this  name  are  placed  the  thici 
yellowish  and  grey  sandstones  of  Caer  Caradoc  in  Shrophire,  and  the 
grey  and  dark  slates,  grits,  and  sandstones  round  Bala  in  Merionethshire. 
In  the  Shropshire  area  some  of  the  rocks  are  so  shelly  as  to  become 
strongly  calcareous.  In  the  Bala  district  the  strata  contain  two  lime- 
stones separated  by  a  sandy  and  slaty  group  of  rocks  1400  feet  thick. 
The  lower  or  Bala  limestone  (25  feet  thick)  has  been  traced  as  a 
variable  band  over  a  large  area  in  North  Wales.  It  is  usually 
identified  with  the  Coniston  limestone  of  the  Westmoreland  region. 
The  upper  or  Hiiiiant  limestone  (10  feet)  is  more  local.  Bands  of 
volcanic  tuff  and  large  beds  of  various  felsitio  lavas  occur  among  the 
Bala  beds,  and  prove  the  contemporaneous  ejection  of  volcanic  products. 
These  attain  a  thickness  of  several  thousand  feet  in  the  Snowdon 
region. 

A  large  suite  of  fossils,  including  179  genera  and  614  species,  has  been 
obtained  from  this  group.  The  sponges  are  represented  by  Sphsarotpcngia 
and  other  genera;  the  graptolites  by  Biplograplus  prisiis^  Mcnograptm 
{Qrapfolithut)priodon,  M,  Sedgwickii,  <fec. ;  the  corals  by  40  species  belonging 
to  Heliolttea,  FavositeSy  Monticulipora,  Halysites,  Petraia,  &c. ;  the  echino- 
derms  by  encrinites  of  the  genera  Cyaihocrinu8  and  Olyptocrinm,  by  no 
fewer  than  23  species  of  cystideans  {EchinosphaBriies,  Spheeronites,  &c.),  and 
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by  etar-fisbes  of  the  genera  PaUeaster  and  Stenaster;  the  annelides  by 
SerpuliteSt  and  numerons  burrows  and  tracks;  the  trilobites  by  27 
genera,  of  which  the  most  important  for  their  stratigraphical  value 
are  Acidaspis  (8  species),  Ampjx  (6),  Agnostus  (5),  Asaphus  (6),  Calif- 
mene  (8),  Cheirurus  (6),  Momahnotus  (4),  Uleenus  (13),  Lichas  (6),Phacop8 


Fio.  825.— Group  of  Gasadoo  FoasiLS. 
a,  Porambonites  InteroedenB  (Pander);  h,  Orthis  hirnantenslB  (McOoy);  o»  lingnla 
loiif[:i8sima  rPander?);  d,  Strophomena  grandis  (Sby.);  ^«  OrthiB  plicata  (Soy.): 
/,  Orthis  catligmmma  (JDalm);  g.  Crania  divaricata  (McCoj);  h,  Triplesia  (?) 
maoooyana  (Dav.) ;  i,  At^pa  (?)  Headii  (BillingB)  (f) ;  j,  Atrypa  marginalia  (Dalm.) ; 
h,  Diacina  oblongata  (PortL) ;  2,  Ambonychia  prisca  (Portl.) ;  m;  Paliearca  biiling- 
siana  (Salt) ;  n,  Bhynchonella  nana  (Salt) ;  e,  Gleidophonis  oyalis  (MoC!oy). 

(13),  Bemopleurides  (8) ;  the  ostracods  by  Beyrichia^  Leperditia^  Cythere, 
Primitia,  and  ErUomis;  the  polyzoa  by  Fenestella,  Ulauconome,  and 
PHlodiciya;  the  brachiopods  by  Atrypa,  Bhynchonellaj  Leptwna,  Orthis 
(41  species),  Strophomena  (19),  Discina,  and  Lingula  ;  the  lameliibranchB 
by  CtefnodofiUa  (17    species),   Orthonota  (5),  Modiohpm  (16),  Pterinea 
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(fi\  AmtwrnfcUa  (S\  Pdlmarea  (5);  the  gastenqpodB  by 
FleuroUmuaria^  B^mttoma,  Cifeiaiiema^  Euomphahu^  and  Hdlcpea;  Ik 
pteropods  by  TefUaadUe$,  Comdaria,  Tkeca;  the  heteropods  Vy  11 
speoies  of  ieUerophan  and  some  forms  of  Maehurea ;  and  the  cephb- 
lopods  by  47  speoies  belonging  to  the  genera  Orthoeeras,  Cjjrriooem. 
LiiuUes^  &o. 

4.  Lower  LUmdavery  Oroup. — ^In  North  Wales  the  Bala  beds  about  five 
miles  S.E.  of  Bala  Lake  begin  to  be  oovered  with  grey  grits,  wUd 
gradnally  expand  southwards  until  they  attain  a  thickness  of  1000  fed 
in  South  Wales.  These  overlying  rocks  are  wcJl  displayed  near  the  tovi 
of  Llandovery,  where  they  contain  some  conglomerate  bands,  and  wkn 
Mr.  Aveline  detected  an  unconformability  Mtween  them  and  the  Bik 
group  below  them,  so  that  the  subterranean  movements  had  alreftdy 
begun,  which  in  Wales  marked  the  dose  of  the  Lower  Silurian  perioi 
£3B(Bwhere  they  seem  to  graduate  downwards  conformably  into  that 
mup.  Thev  cover  a  considerable  breadth  of  country  in  Cardigan  aad 
CarmartheDsnire,  owing  to  the  numerous  undulations  into  which  ther 
have  been  thrown*  Their  chief  interest  lies  in  tiie  transitian  whkk 
they  present  between  the  &una  of  the  Lower  and  Upper  Silurian  fonni' 
tions.  They  have  yielded  in  all,  according  to  Mr.  Etneridge*s  oenaus,  6S 
genera  and  204  species  of  fossils,  whereof  50  genera  and  105  species  ait 
common  to  the  Bala  group  below,  and  45  genera  and  104  species  pass  ^ 
into  Upper  Llandovery  rocks  above.  Some  of  peculiar  fossils  an 
NiduUtes  famsy  Merislella  crassa^  M.  angusHfrons,  and  MurekiBamia  aaf*- 
lata.  Among  the  forms  which  come  up  from  the  Bala  group  and  dm- 
appear  here  are  the  corals  HdioUtes  intentincku,  Petraia  guhdrnpUeata,  atod 
FavotUes  aspera  ;  the  trilobites  Lichas  laxaim  and  lUmmu  Bowmanmi;  tbe 
brachiopods  Orihia  AcUmim  and  0.  insularii;  the  gasteropoda  Murchiio^ 
gyrogoma  and  Cydonema  crebrisiria;  and  the  cepbaTopod  Orthoeem 
tenuieindum.  Bat  many  of  the  Lower  Silurian  forms  continue  on  into 
the  Upper  Llandovery  beds.  From  the  abundance  of  the  peculiar 
brachiopods  termed  PeiUameru$  in  the  Lower,  but  still  more  in  the  Upptf 
Llandovery  rocks,  these  strata  were  formerly  grouped  together  under 
the  name  of  **  Pentamerus  beds.''  Though  the  same  species  are  found  ii 
both  divisions,  Pentamerus  obhngus  is  chiefly  characteristic  of  the  a^*^ 
ffroup  and  comparatively  infrequent  in  the  lower,  while  Stritlhtwi^M 
{PerUameru$)  len$  abounds  in  the  lower  but  appears  more  sparin^^J  ^ 
the  upper. 

The  Lower  Silurian  rocks,  typically  developed  in  Wales,  extend 
over  nearly  the  whole  of  Britain,  though  larg^y  buried  under  mon 
recent  formations.  They  rise  into  the  hilly  tracts  of  Westmoreland  voi 
Cumberland,  where  they  consist  of  the  following  subdivisions  ^ 
descending  order : 


njower  Llandovery  not  rei 

OoniBtoD  Limeetone  and  Shale  •  as  Bala  beds. 

Yoloftnic  aeriet  (gieen  slates    snd  por-' 

phyriei):  tnfb  and  lavaa  withont  or- 

dinary  sedimentanr  strata  except  at  base, 

12,000  ft , 

Skiddaw  Blates,  10,000  or  12,000  ft,  base 

not  seen 


Part  of  Bala,  whole  of  Llandeik, 
={    and  perhaps  part  of  Antdi 
formation. 


_.  f  Arenig,  with  peihaps  Trenadoe 
and  Lingola  Flags. 


Apart  from  the  massive  intercalation  of  volcanic  rocks  these  strati 
present  considerable  lithological  and  pa]»ontologi<»J  differences  bom  ^ 
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typical  subdivisions  in  Wales.  The  Skiddaw  slates  are  black  or  dark- 
grey  argillaceous,  and  in  some  beds  sandy,  rocks,  often  much  cleaved, 
though  seldom  yielding  workable  slates,  sometimes  soft  and  black  like 
Carl^niferous  shale.  As  a  rule  they  are  singularly  unfossiliferous,  but 
in  some  of  their  less  cleaved  and  altered  portions  they  have  yielded 
about  40  species  of  graptolites  (chiefly  of  the  genera  Didymograptus^ 
DiplograptuBt  Dichograpiua,  Tetragraptus^  PhyUograptua^  and  ClimacograpUut)^ 
Ltngula  hrems^  traces  of  annelides,  a  few  trilobites  {Mglina^  Agnoitus, 
Aaaphua^  &c.),  some  phyllopods  {Caryoearia),  and  remains  of  plaits 
(^Buihotrephis^  &o.).  In  many  places  the  slates  have  been  metamorphosed, 
passing  into  chiastolite-slate,  mica-schist,  andalusite-schist,  &c.,  with  pro- 
trusions of  granite,  syenite,  and  other  crystalline  rocks  (p.  579).  Towards 
the  close  of  the  long  period  represented  by  the  Skiddaw  slates,  volcanic 
action  manifested  itself,  first  by  intermittent  showers  of  ashes  and 
streams  of  lava,  which  were  interstratified  with  the  ordinary  marine 
sediment,  and  then  by  a  more  powerful  and  continuous  series  of 
explosions,  whereby  a  huge  volcanic  mountain  or  group  of  cones  was 
piled  up  above  the  sea-level.  The  length  of  time  occupied  by  this 
volcanic  episode  in  Cumbrian  geology  may  be  inferred  from  the  feict  that 
all  the  Llandeilo  and  nearly  all  the  Bala  beds  are  absent  here.  The 
volcanic  island  slowly  sank  into  a  sea  where  Bala  organisms  flourished. 
Amons  these  we  And  such  familiar  Bala  species  as  Favosites  fibrosa^ 
Heliohtes  irUerstindua,  Cyhde  verrueoaa,  Lepteena  aericeck^  Orthia  AcUmw,  0. 
biforataf  0.  ecdigramma,  0.  elegaiUula,  0.  pareata^  and  Strophomena  rhom- 
hoidalia.  These  organisms  and  their  associates  gathered  on  the  sub- 
merged flanks  of  the  sinking  volcano  into  a  bed  of  limestone — ^the 
Goniston  limestone — which  can  still  be  traced  for  many  miles  through 
the  Westmoreland  hills,  as  the  Bala  limestone  which  it  represents  can 
be  followed  through  the  volcanic  tracts  of  North  Wales.  The  Coniston 
limestone  is  covered  by  certain  flags  and  grits  which  from  their  organic 
remains  are  referred  to  the  Upper  Silurian  series. 

In  the  south  of  Scotland,  according  to  the  detailed  researches  of  the 
Geological  Survey,  the  Lower  Silurian  formations  are  represented  by  the 
subjoined  groups  of  strata  in  descending  order : 

Sandgtones  and  oonglomerates,  Giryan  valley     .         .   sLlaQdovery. 
Conglomerates,  grite,  shales,  and  lenticular  bands  of 

limestone,  Peeblemhire,  Dumfriesshire,  S.W.  Ayr-=GaradooorBala. 

shire,  sometimes  2000  ft. 

Carsphaim  group,  coarse  pebbly  giiti  and  greytiraoke, 

1200  ft 

Upper  Black  Shale,  with  graptolites,  550  ft 
Lowther   group,   olive,  grey,  and  blue   shales,  and 

sandstones,  4000  ft       ...... 

Balveen  group,  greywaoke  and  shale,  witii  band  of 

fine  conglomerate.  3500  ft.     .        .        .        .        •  .=Llandeilo  (14,000  ft.). 
Queenaberry  group,  massive  greywaokes  and  grits,  with  i     *^«»"**'»*"  v*'t''^  **•/• 

occasional   conglomerate   bands  and  some  shales, 

4500  ft. 

Lower    or   Moflat   Black   Graptolite  Shale    group, 

200-400  ft 

Ardwell  group,  brown  flags,  greywackes,  and  shales, 

sometimes  purplish  and  red ;  base  not  seen 

As  a  whole  these  strata  are  singularly  barren  of  organio  remains. 
Most  of  the  fossils  which  the  Llandeilo  groups  oontain  lie  in  the  bands  of 
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dark  anthracitic  shale  which  have  been  traced  across  nearly  the  -whokt 
breadth  of  the  coimtry.    These  shales,  crowded  with  graptolites  of  recog- 
nizable Llandeilo  forms  {CUmacograf4u$  tereiUuadut,  DiplograpimB  pwiatk, 
.  and  Orapiolitkus  Sagittarius  being  particnlarlj  abundant),  were  depoAted 
over  wide  areas  of  6ea-bottom«     It  is  remarkable  that  wkereTer  ihej 
appear  the  graptolites  come  with  them,  as  if  these  organisms  oonld  omij 
flonric^  on  the  black  carbonaceous  mud.   The  persistence  of  the  graptolitie 
&nna  is  shown  by  the  fact  that  many  of  the  same  species  occur  in  the  upper 
black  shales  at  a  vertical  distance  of  more  than  10,000  feet  above  th* 
horizon  of  the  lower  shales  (p.  629).    Crustacea  are  exoeeding^ly  rmre,  bat 
two  phyllopods,  Disdnoearis  Brawmama  and  PeUoearit  apt^cioide^  occar ; 
while  from  Dumfriesshire  two  obscure  trilobites  are  refeired  doubtfully  to 
Enerinurus  and  Phaeops.     The  vast  thickness  of  sandy,  gritty,  and  akaly 
unfossiliferous  strata  is  the  distinguishing  feature  of  the  Lower  Silurian 
series  in  the  south  of  Scotland.^     The  (^uradoc  or  Bala  group  lies  «n- 
conformably  upon  the  upper  parts  of  the  Llandeilo  rocks.    It  contains  ia 
the  eastern  districts  some  calcareous  oonglomerates  which  here  and  there 
swell  out  into  local  masses  of  limestone.    In  the  south-west  of  Ayivhin 
the  limestones  attain  considerable  dimensions.      In  these  caloareo— 
bands  numerous  Caradoo  species  have  been  found,  among  them  Ckmrmrm 
gelasinosuB,  Encrinurus  pundahts^  with  species  of  iZ2anit»  and  JLMpAtu,  Orlhit 
caUigramma^  O.  conjinis^  Lepimna  sericea^  Ma^urea^  and    such    corals   a« 
Helioliles,  Favontes^   Omphyma,  and   Strephodes.     In  the  same  district 
certain  shales  and  sandstones  full  of  Caradoc  fossils  are  overlaid  with 
sandstones,  shales,  and  oonglomerates  containing  Pentameru$  obiom^m^ 
Airypa  hemispherica,  Meristelta  angwtifroM^  Liehoi  laxaiuM^  Pebraia  ei<mga$ai, 
Nidulitei  favus,  and  numerous  other  fossils  which  indicate  the  horixon  of 
the  Llandovery  rocks. 

The  Highlands  of  Scotland,  as  above  ^p.  583)  stated,  consist  mainly  of 
crystalline  rocks — gneiss,  micaHSchist,  cnlorite-schist,  day-slate,  quart*- 
rock,  schistose  flagstone,  and  many  others,  which  from  the  discovery  of 
recognizable  fossils  near  their  base  have  been  shown  to  be  metamorphosed 
Lower  Silurian  rocks.    As  this  deduction  possesses  very  great  impcv- 
tanoe  in  theoretical  geology,  pu-ticularly  in  relation  to  the  history  of 
metamorphism  and  metamorphio  rocks,  it  is  desirable  that  the  tme 
geological  horizon  of  fossils  found  below  so  vast  a  pile  of  crystalliae 
schists  should  be  precisely  determined.     Fortunately  the  number  and 
good]^reservationof  the  specimens  allowed  the  detenmnation  to  be  aatis- 
&otori1y  made  by  Salter,  who  declared  his  conviction  that  they  wen 
unequivocally  Lower  Silurian,  and  bore  a  most  remarkable  resemblance 
to  a  group  of  fossils  from  the  Lower  Silurian  rocks  of  North  America. 
Five  of  the  species  he  regarded  as  identical  with  known  American  fanas 
(OrihoeeroB  arcuoliratum.  Hall ;  Orthig 8tri(Uula^  Emmons ;  Opkileia  eoMpocia, 
Salt.  ?  Murchisania  gracilis.  Hall;  M.  heUicineta,  Hall),  4 as  representatiTe, 
3  doubtful,  and  1  new  genus,  found  also  in  Canada.     '*  That  this  truly 
North  American  assemblage,*'  he  remarks,  *'  should  be  found  in  the  ex- 

*  Mr.  Charles  Lapwortb,  who  has  devoted  much  time  to  the  study  of  the  gimptoUtos 
of  these  rocks,  has  come  to  the  oonelnsion  that  what  is  here  tenned  the  Moffiit  SImJs 
group,  and  regardtd  aa  merely  a  subordinate  member  of  a  thick  series  of  sandy  and 
genemlly  aiifoMiliferous  strata,  represents  the  whole  series  of  strata  firom  the  Uandeilo 
up  into  the  Upper  Silurian  formations ;  that  is  to  My,  somewhere  about  a  half  of  ths 
whole  of  the  Silurian  system  is  contained  in  a  group  of  shales  and  i  ~ 
less  than  200  feet  thick  I 
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ireme  north  of  Scotland  on  the  same  parallel  as  the  Canadian, — that 
species  of  Madurea  and  Baphiitoma^  resembling  those  of  the  St.  Lawrence 
basin,  and  OrthocercUa  bearing  large  siphnncles,  like  those  of  North 
America,  Scandinavia,  and  Russia,  should  occur  in  Scotland,  and  yet  be 
scarcely  known  further  south,  is  at  least  suggestive  of  a  geographical 
distribution — perhaps  even  of  climatal  conditions — not  very  unlike  that 
of  more  modem  times."^  From  this  palsdontological  decision  it  follows 
that  the  overlying  conformable  schistose  series  of  the  Soottidi  Highlands 
is  a  mass  of  metamorphosed  Silurian  strata. 

In  the  south-east  of  Ireland,  grey,  greenish,  and  purple  grits,  and 

grey  and  dark  shales  lie  unconformably  upon  the  Cambrian  rocks,  and 

contain  a  few  fossils  of  Landeilo  age.     They  present  int^rstratified  beds 

of  tuff  and  felsitic  lavas  indicating  contemporaneous  volcanic  action.     In 

the  north-east  of  the  island  a  broad  belt  of  Lower  Silurian  rocks  runs  from 

the  coast  of  Down  into  the  heart  of  Roscommon  and  Longford,     lliis 

belt  is  evidently  a  prolongation  of  that  in  the  southern  uplands  of 

Scotland.     It  is  marked  by  the  occurrence  of  similar  dark  anthracitio 

shales    crowded  with    graptolites.     The  richest  fossiliferous  localities 

among  the  Irish  Lower  Silurian  rocks  are  found  at  the  Chair  of  Kildare, 

Portrane  near  Dublin,  Pomeroy  in  Tyrone,  and  Lisbellan  in  Fermanagh, 

where  small  protrusions  of  the  older  rocks  rise  as  oases  among  the 

surrounding    later  formations.      Portlock    brought  the  northern  and 

western  localities  to  light,  and  Murchison  pointed   out  that,  while  a 

number  of  the  trilobites  {Trinucleua^  Phacopa^  Oalymene,  Illsenus),  as  well 

as  the   simple  plated  Orthidse,  Lepimnm^  and  Strophomense,  some  spiral 

shells,  and  many  Orthocerata,  are  specifically  identical  with  those  from 

the  typical  Caradoo  and  Bala  beds  of  Shropshire  and  Wales,  yet  tiiey 

are  associated  with  peculiar  forms,  first  discovered  in  Ireland,  and  very 

rare  elsewhere  in  the  British  Islands.      Among  these  distinctive  fossils  he 

cites  the  trilobites,  Bemopleurides,  Harpea,  Amphion^  and  Bnmteus,  with 

smooth  forms  of  A$aphus  (hotelus),  which,  though  abundant  in  Ireland  and 

America,  seldom  occur  in  Wales  or  England,  and  never  on  the  Continent* 

In  the  north  and  west  of  Ireland  a  large  area  of  surface  is  occupied 

by  crystalline  rocks — gneiss,  schists,  quartz-rocks,  limestone,  granite, 

&o, — which  are  manifestly  a  continuation  of  those  of  the  Highlands  of 

Scotland.     They  run  south-westward  parallel  with  the  belt  of  unaltered 

Lower  Silurian  rocks  from  which,  in  some  places,  as  in  county  Tyrone, 

they  are  only  a  few  miles  distant.    The  district  of  Pomeroy,  so  rich  in 

Silurian  fossils,  promises  to  afford  the  greatest  light  on  the  interesting 

bat  difficult  problem  of  the  metamorphism  of  the  Lower  Silurian  rocks  of 

the  Scottish  Highlands  and  the  north-west  of  Ireland.     It  will  be  seen 

firom  the  evidence  furnished  by  the  sections  in  West  Mayo  (p.  686)  that 

the  metamorphism  must  have  taken  place  prior  to  the  deposition  of  the 

Upper  Silurian  rocks  of  the  west  of  Ireland. 

U  pper  Silurian. — The  series  of  rocks  in  the  British  Islands  classed 
as  Upper  Silurian  occurs  in  two  very  distinct  types.  So  great  indeed 
is  the  contrast  between  these  types  that  it  is  only  by  a  comparison  of 
organic  remains  that  the  whole  has  been  grouped  together  as  the  deposits 
of  one  great  geological  period.  In  the  original  region  described  by  Mur- 
chison, and  from  which  his  type  of  the  system  was  taken,  the  strata  are 


>  Quart,  Jaum,  Otcl,  8oc,  xx.  881. 
«  ••Silorim'p.  174. 
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oomparatiyelj  flat,  soft,  and  unaltered,  consisting  mainly  of  somewkti 
incoherent  sandy  mudstone  and  shale,  with  occasional  bands  of  limettooe. 
Bat  as  these  rocks  are  followed  into  North  Wales,  they  are  foond  to  sweH 
ont  into  a  vast  series  of  grits  and  shales,  so  like  portions  of  the  hard  altered 
Lower  Silnrian  rocks  that,  save  for  the  evidence  of  fossilB,  they  would 
naturally  be  grouped  as  part  of  that  more  ancient  series.  In  Westmore- 
land and  Cumberland,  and  still  further  north  in  the  border  countici  d 
Scotland,  dso  in  the  south-west  of  Ireland,  it  is  the  North  Welsh  typ^ 
which  prevails,  so  that  in  Britain  the  general  liiholo^cal  characten 
and  minute  palaeontological  subdivisions  ascertained  m  the  origiiul 
Silurian  district  are  almost  oonflned  to  that  limited  region,  while  over  the 
rest  of  the  British  area  for  thousands  of  square  miles  the  hard  sandy  ani 
shaly  type  of  North  Wales  is  prevalent 

Taking  first  the  Silurian  tract  of  the  west  of  Ehigland,  mm 
the  east  and  south  of  Wales,  we  find  a  decided  unoonformaliilitj 
separating  the  Lower  from  the  Upper  Silurian  deposits.  In  khh 
places  the  latter  steal  across  the  edges  of  the  former,  group  after  fi;rorii 
till  they  lie  directly  upon  the  Cambrian  rocks.  Indeed,  in  one  totric: 
between  the  Longmynd  and  Wenlock  Edge,  the  base  of  the  Upfw 
Silurian  rocks  is  found  within  a  few  miles  to  pass  from  the  Candoc 
group  across  to  the  Lower  Cambrian  rocks.  It  is  evident,  therefore, 
that  m  the  Welsh  region  very  great  disturbance  and  extensive  denudt 
tion  preceded  the  commencement  of  the  deposition  of  the  Upper  Silvias 
rocks.  As  Sir  Andrew  C.  Bamsay  has  pointed  out,  the  area  of  Wil<* 
previously  covered  by  a  wide  though  shallow  sea,  was  ridged  up  into  * 
series  of  islands,  round  the  margin  of  which  the  conglomerates  at  tbt 
base  of  the  Upper  Silurian  series  began  to  be  laid  down.  This  tooi 
place  during  a  time  of  submergence,  for  these  oonglomeratio  and  stf^J 
strata  are  found  creeping  up  the  slopes  and  even  capping  some  of  t^ 
hills,  as  at  Bogmine,  where  they  reach  a  height  of  1150  feet  above  ^ 
sea.^  The  subsidence  probably  continued  during  the  whole  of  th- 
interval  occupied  by  the  deposition  of  the  Upper  Silurian  strata,  whici 
were  thus  piled  to  a  depth  of  from  3000  to  6000  feet  over  the  distnrW 
and  denuded  platform  of  Lower  Silurian  rocks. 

Arranged  in  tabular  form,  the  subdivisions  of  the  Upper  Silvia 
rocks  of  Wales  and  the  adjoining  counties  of  England  are  in  desc^^lu^ 
order  as  follows : 

Base  of  Old  Bed  Sandstone. 

TUeBtoDOs. 

Upper  Ludlow  Bock. 

Aymefltry  Limestone. 

Lower  Ludlow  Bock. 

Wenlock  or  Dudley  Limestone        .        A     i  t\^u-i.-ki^ 

Wenlock  Shale    .         .  .1     I^TJTT^ 

Woolhope  or  Barr  Limestone  and  Bhale  .  | "  J  w Jff  w!w 

Ttoannon  Shale j     (North  Walei. 

^JMay  HiU  Banditones. 
Lower  LlandoTeiy  Booka. 


8.  Ludlow  group 

2.  Wenlock  group 

1.  Upper      Llan< 
doTery  group, 


l«k  Upper  Llandovery  group. — May  HiU  8andtUme$. — The  positios  f*- 

these  "^Ks  as  the  true  base  of  the  Upper  Silurian  groups  wu  fa*< 

shown  in  1853  by  Sedgwick,  who  named  them  the  May  E^ill  Sandfltoot' 

from  the  locality  in  (Gloucestershire  where  they  are  so  well  dispUf^^ 

>  Bamsay,  Pky$ieal  Otohgy  and  Otograpky  of  Briiain,  p.  9L 
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Appearing  on  the  coast  of  Pembrokeshire  at  Marloea  'Bay,  they  range 
across  South  Wales  nntil  they  are  overlapped  by  the  Old  Red  Sandstone. 
They  emerge  again  in  Carmarthenshire,  and  trend  north-eastward  as  a 
narrow  strip  at  the  base  of  the  Upper  Silurian  series,  from  a  few  feet  to 
1000  feet  or  more  in  thickness,  as  far  as  the  Longmynd,  where,  as  a 
marked  conglomerate  wrapping  round  that  ancient  Cambrian  ridge, 
they  disappear.  In  the  course  of  this  long  tract  they  pass  successively 
and  unconformably  over  Lower  Llandovery,  Caradoc,  Llandeilo,  and 


Fio.  S26. — Gboup  of  Pentamxbi  fbom  Llandovery  Books. 

a,Pentameni8  oblongiu  (Sby.) ;  5,  P.  galeatos  (Dalm.) ;  e^  P.  Enightii  (Sby.) ;  <l,  P.  ob-^ 
longus  (Sby.) ;  e,  P.  rotnndus  (Sby.)  (f ) ;  /,  P.  Enightii  (small  specimen) ;  g^  P.  lin- 
guifer  (Sby.) ;  *,  P.  tmdatus  (Sby.). 

Cambrian  rocks.  They  consist  of  yellow  and  brown  ferruginous  sand- 
stones, often  full  of  shells,  wbich  are  apt  to  weather  out  and  leave  casts. 
Their  lower  parts  are  commonly  conglomeratic,  the  pebbles  being 
largely  derived  from  older  parts  of  the  Silurian  system.  Here  and 
there,  where  the  organic  remains  become  extraordinarily  abundant,  the 
strata  pass  into  a  kind  of  sandy  limestone,  known  as  the  *^  Pentamerus 
limestone,"  from  the  numbers  of  this  brachiopod  contained  in  it.  The 
fossils  found  in  the  May  Hill  Sandstones  number  91  genera  and  261 
species,  of  which  only  136  species  are  confined  to  this  group. 

2x2 


Digitized  by 


Google 


676  STRATIGRAPHICAL  GEOLOGY.         [Book  VI. 

Among  the  ^:>63il8  are  some  traces  of  fhooids ;  sponges  (^CUcma^  a 
bnrrowing  formiCte  the  modem  Cliona) ;  the  widely-di€fiiBed  Mano^raftm 
(Chraptolithua)  ^nodon  ;  a  number  of  corals  {Petraia,  HdioUies,  F'amcmigt. 
Salysites^  Syrif^opora,  &c,)  ;  a  few  orinoids  and  the  earliest  kii<n7ii  sbb* 
nrchins  (PajpBcAtnttf)  ;  the  genus  Tentaculites,  by  some  naturalists  classed 
with  the  pteropods,  by  others  with  the  annelides,  is  particularly  abnndaat : 
a  number  of  trilobites,  of  which  Phaoops  Slohesii,  P.  Weateri^  Emcrimmt  w 
punctatusj  Calymene  Blumenbaehii,  Proetus  Siokeni,  and  lUsgnuM  2^wswi 
are  common ;  numerous  brachiopods,  as  Atrypa  henU^heriea,  A,  reHcmlmk, 
Pentamerua  obhngua,  Stricklandinia  lirata^  8.  lena,  Lepteena  tramsverwaSi, 
Orthii  cdlligramma^  0.  degantvla^  0.  revena^  Strophomena  campresMO,  S. 
pecteny  and  Lingula  paraUela;  lamellibranchs  of  the  mytiloid  genen 
Orihanota,  Mytilut^  and  ModioUmm,  with  forms  of  Pierinect^  CtenodonUr^  asd 
Lyrodesma ;  gasteropods,  particularly  the  genera  Acroeulia,  SaphiMt^ma, 
MurehisoniOy  Pleurotamaria,  Oydonema^  HolopeUa  ;  heteropods,  particalariT 
the  species  BeUerophon  dUcUcUuSy  B,  trilohaittiy  and  B,  €armaiu9;  sad 
cephalopods,  chiefly  Orihoceratay  with  some  forms  of  Aetinoeeras^  OyrtoeeroM, 
TretoceraSy  and  PhragmocenUy  and  the  old  species  IAiuite$  cam^-^Mrietis, 

2.  Wetdock  group. — This  suite  of  strata  includes  the  larger  part  of  the 
known  Upper  Silurian  fauna  of  Britain,  as  it  has  yielded  no  rewer  than  16^ 
genera  and  530  species.  In  the  typical  Silurian  area  of  Murchisoo,  it 
consists  of  two  limestone  bands  (Woolhope  and  Wenlock),  separated  by 
a  thick  mass  of  shale  (Wenlock  Shale).  The  following  subdiviaioiis  ia 
ascending  order  are  recognized. 

(a.)  Tarrannon  Shale. — ^Above  the  Upper  Llandovery  beds  ocnnes  a 
very  persistent  zone  of  fine,  smooth,  light  grey  or  blue  slates,  which  hm 
been  traced  down  the  whole  fcnjgth  of  Wales  from  the  mouth  of  th« 
Conway  into  Carmarthenshire.  These  rocks,  termed  the  "  paste-rock^ 
by  Sedgwick,  have  an  extittne  thickness  of  1000  to  1500  feet.  Poor  in 
organic  remains,  their  chief  intejfest  lies  in  the  fact  that  the  persistenoo 
of  so  thick  a  band  of  rock  between  what  were  supposed  to  be  continnoat 
and  conformable  formations  should  have  been  unrecognized  until  it  was 
proved  by  the  detailed  mapping  of  the  Geological  Survey. 

(h,)  Woolhope  Limestone. — In   the  original    typical  Upper  Silurian 
tract  of  Shropshire,  and  the  adjacent  counties,  the  Upper  Llandovery 
rocks  are  overlaid  by  a  local  group  of  grey  shales  containing  nodultf 
limestone  which  here  and  there  swells  out  into  beds  having  an  aggregate 
thickness  of  30  or  40  feet    These  strata  are  well  displayed  in  the 
picturesque  valley  of  Woolhope  in  Herefordshire,  which  lies  upon  a  worn 
quaquaversal  dome  of  Upper  Silurian  strata  rising  in  the  midst  of  the 
surrounding  Old  Bed  Sandstone.    They  are  seen  likewise  to  the  north- 
west at  Presteign,  Nash  Scar,  and  Old  Radnor  in  Radnorshire,  and  to 
the  east  and  south  in  the  Malvern  Hills  (where  they  include  a  grott 
thickness  of  shale  below  the  limestone),  and  May  Hill  in  Gloucester&ire. 
These  strata  have  yielded  many  characteristically  Upper  Silurian  fossils, 
including  18  genera  and  24  species  of  Crustacea  and  17  genera  and  56 
species  of  brachiopods.     Among  the  common  forms  may  be  mentioned 
iumoBtus    Banriensisy    Homalonotw    delphinocephalue,    Phacops    coMdabu, 
Atrypa  retiailari$y  Orthis  caUigrammOy  Strophomena  imbreXy  ShyndMi^ 
horealtBy  JR.  WUaoniy  Euomphahu  8culpiu$y  Orihoeeroi  annulatum. 

It  is  a  feature  of  the  older  PalsBozoic  limestones  to  occur  in  a  Teiy 
lenticular  form,  swelling  in  some  places  to  a  great  thickness  and  rapidly 
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dying  out,  to  reappear  again  perhaps  some  miles  away  with  inoreased 
proportions.  This  local  character  is  well  exhibited  by  the  Woolhope 
limestone.  Where  it  disappears,  the  shales  underneath  and  intercalated 
"with  it  join  on  continuously  to  the  overlying  Wenlock  shale,  and  no  line 
for  the  Woolhope  sub-group  can  then  be  satisfactorily  drawn.  The 
same  discontinuity  is  strikingly  traceable  in  the  Wenlock  limestone,  to 
be  immediately  referred  to. 

(c.)  Wenlock  Shale, — This  is  a  series  of  grey  and  black  fine  shales, 
traceable  from  the  banks  of  the  Severn  near  Coalbrook  Dale  across 
Badnorshire  to  neai*  Carmarthen — a  distance  of  about  90  miles.     The 


Fio.  327.— Uffxb  Silubian  Gobals  and  Gbustaoeanb. 

a,  Acervularia  ananas  (Linn.) ;  &,  Ptjchophyllmn  patellatum  (Sohlotli.)  ()) ;  c,  Ompkyma 
torbinatom  (Linn.)  {Q;  d,  Pe6aia  oina  (LSob,);  e,  Geratiocaris  papilio  (Salt);  f, 
Homalonotna  delpbinocephalns  (Green)  (]) ;  g^  Gypbaspui  megalops  (McGoy) ;  K, 
Phacopa  Downingiae  (Mnrcb.). 

same  strata  reappear  in  the  protrusions  of  Upper  Silurian  rocks  which  rise 
out  of  the  Old  Bed  Sandstone  plains  of  Gloucestershire,  Herefordshire, 
and  Monmouthshire.  In  the  Malvern  Hills  they  were  estimated  bv 
Professor  Phillips  to  reach  a  thickness  of  640  feet,  but  towards  the  nortli 
they  thicken  out  to  1000  or  even  1400  feet.  On  the  whole  the  fossils 
are  identical  with  those  of  the  overlying  limestone.  The  corals, 
however,  so  abundant  in  that  rock,  are  here  comparatively  rare.  The 
brachiopods  (of  the  genera  L^tsenay  Orthis^  Strophomena,  Atrifpa^  and 
RhynchcmeUa)  are  generally  of  small  size — Orthie  filoba^  0.  hyhrida^  and 
the  large  flat  0.  ruettca  being  characteristic.     Of  the  higher  mollusca 
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thinnshelled  forms  of  Orthoceraa  are  specially  abundant.  Ainofig  t^ 
trilobites,  Encrinurua  puncialu8,  E.  vanoktrU,  Calymene  Blwnenbadkii,  C 
tuberculosa,  Phacopa  caudaius,  and  P.  hngteaudaius  are  commoai.  Tbe 
M(mograplu8  (Graptolithtui)  priodan,  so  frequent  among  the  Bala  beds  oi 
the  Lower  Silurian  series,  also  occurs  in  the  WeSock  shale;  ^mhi^ 
M,  (QraptolUhus)  Flemngii  is  here  a  characteristic  species. 

(d.)  WefUock  Limestone. — This  is  a  thick-bedded,  sometimes  flaggy, 
usually  more  or  less  concretionary  limestone,  grey  or  pale  pink,  often 
highly  crystalline,  occurring  in  some  places  as  a  single  massive  bed, 
in  others  as  two  or  more  strata  separated  by  grey  e£ales,  the  iprlndk 
forming  a  thickness  of  rock  ranging  from  100  to  300  feet.  As  its 
name  denotes,  this  zone  is  typically  developed  along  Wenlock  £dge 
in  Shropshire,  where  it  runs  as  a  prominent  ridge  for  foUj  20 
miles;  eAeo  between  Aymestry  and  Ludlow.  It  likewise  appears  at 
the  detached  areas  of  Upper  Silurian  strata  above  referred  to,  being 
specially  well  seen  near  Dudley  (whence  it  is  often  spoken  of  as 
ttie  Dudley  limestone),  Woolhope,  Malvern,  May  Hill,  and  Usk  in 
Monmouthshire. 

A  distinguishing  characteristic  of  the  Wenlock  limestone  is  tha 
abundance  and  variety  of  its  corals,  of  which  no  fewer  than  25  geneim 
and  76  species  have  been  described,  of  which  41  species  are  peoimar  to 
the  Wenlock  group.     The  rock  seems  indeed  to  have  been  formed  in 
part  by  massive  sheets  and  bunches  of  coral.     Characteristic  species  are 
Halysites  catenularia^  Heliolttes  interstinctus^  H,  tuhulcUus,  Alveolites  Ziaberia, 
Favosites  aspera,  F,  fibrosa,  F.  gothlandica,  Ccenites  juniperinuSy  Syrinyopor^ 
fascicularisy  and  Omphyma  turbinatum.     The  crinoids  are  also  speciallj 
abundant,  and  often  beautifully  preserved :  20  genera  make  their  £jisi 
appearance  in  the  Wenlock  group,  and   17  are  confined  to  it,  among 
the  65  species  which  have  been  named,  Periechocrinus  moniliformis  is  one 
of  the  most  frequent ;  others  being  Crotalocrinus  rugosus^  Cyathocrinus  gomio^ 
dcuUylus,  and  Marsupiocrinus  cselatus.  Several  cystideans  occur,  of  which  one 
is  Pseudocrinites  quadrifasciatus.     The  ttnnelides  number  34  species.    The 
crustaceans  include  numerous  trilobites,  among  which  we  miss  some  of  the 
persistent  Lower  Silurian  genera,  such  as  Asaphus,  Ogygia,  and  TrtiMcteici, 
none  of  which  ascend  into  the  Wenlock  group.     The  most  abundant 
trilobite  is  the  long-lived  Calymene  BlumefAackii^  which  ranges  from  the 
Llandeilo  flags  up  to  near  the  top  of  the  Upper  Silurian  formations.    It 
occurs  abimdantly  at  Dudley,  where  it  received  the  name  of  the  "  Dudley 
Locust."    Other  common  forms  are  Encrinurus  punct€Uus^  E.  variotaris^ 
Phacops  caudatus,  P.  Doumingise,  P.  Stohesii,  Bumastus  Barriensis^  jBomoJo- 
notus  delphinocephalus,  and  Oheirurus  bimucronatus.      One  of  the   most 
remarkable  features  in  the  crustaceous  fauna  is  the  first  appearance  of 
the  merostomata,  which  are  represented  by  Eurypterus  pundaius^  Hemiaspis 
horridusy  and  Pterygotus  problematicus.     The  brachiopods  continue  to  be 
abundant,  21  genera  and  96  species  having  up  to  this  time  been  enu- 
merated ;    among  typical  species  may  be  noted  Atrypa  reiieulariSy  Jfeiv 
steUa  tumida,  Spirifera  elevcUa,  S,  pliccUella^  BhynchoneUa  borealis  {rery 
common),  B.  cuneata,  B.  Wilsom,  Orihis  eleganiula^  0.  rustiea^  Strophomem 
rhmhoidalisy  and  Pentamerus  galeaius.    The  lamellibranchs  are  represented 
by  43  species ;   among  these  several  sjjecies  of  Pterinea,  Cardiola,  and 
OuculleUa  are  abundant,  with  Qrammysia  cinguUUay  and  some  species  of 
ModioJopms  and  Cienodonta,      The  gasteropods  are  marked   by  species 
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Fio.  S28.»Qboitp  or  Uppxr  8n.nsiur  MoLLrsci.— a,  MerliidU  (?)  dtdynut  (Dalm.);  6,  Siropbomeii* 
•stiqiutU  (Sby.);  e,  Llngnl*  I^ewisii  (Sby.);  d,  Leptvn*  transvenalli  (Dalm);  e, BhTiiclioDelU 
borealit  (ScblothO ;  /.  Rbyncbonclla  Wilsoni  (Sbr.);  g*  CtenodonU  intemipla  (Brod.) ;  k^  AmbonychU 
acaticostaU  ()IcCoy) ;  t\  Modlolopsis  Nllssonl  (Hia.) ;  ^,  OrtbonoU  amynUlina  (Sby.) ;  K  Ovniopbora 
cymbefonnU  (Sby.);  I.  Euompbalns  rugoans  (Sby.);  m,  Trocbos  cslatna  (McGoy)  (f);  fi^nms- 
moceraa  ventricoaan  ^y.)  (i) ;  o,  Orthoc^ru  annniatain  (Sby.)  (});  j\  Lltultaa  gigantena  (S^.)  (i)  t 
9,  LItnltM  artlcnUttia  (Sby.). 
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of  EuomphcduSy  MurchUonia,  HolopeHa^  Pleurotomaria^  AcrocuUa^  CydomewtL. 
The  oepbalopods  are  confbied  to  five  genera,  lAiuiieB^  AciinoeertMMy  Cfprioeerm, 
Orihoeeraa,  and  Fhragmoceras ;  of  these  the  orthoceratitee  are  by  &r 
the  most  abundant  both  in  species  and  individuals.  OriKoc^ras  amwmUAm 
is  the  most  common  form.  The  pteropods  appear  in  the  l>eautifiil  maid 
very  abundant  (hnidaria  Sowerhyi,  and  the  heteropods  in  tHe  ooaamm 
and  cbaracterisdo  Bellerophon  Werdockensis, 

3.  Ludloto  Group, — This  series  of  stata  consists  essentially  of  sbaleft, 
with  occasionally  a  calcareous  band  in  the  middle.  It  graduates  down- 
ward into  the  Wenlock  group,  so  that  when  the  Wenlock  limestoce 
disappears,  the  Wenlock  and  Ludlow  shales  form  one  oontmnoBi 
argilliiceous  formation,  as  they  do  where  they  stretch  to  the  south- 
west through  Brecon  and  Carmarthen:  The  Ludlow  rocks,  typical!/ 
seen  between  Ludlow  and  Aymestry,  appear  likewise  at  tbo  detached 
Silurian  areas  from  Dudley  to  the  mouth  of  the  Severn.  Thej 
were  grouped  by  Murchison  into)  three  zones.  Their  fauna  numbeis  »1 
present  nearly  400  species,  of  which  129  are  also  found  in  the  Wenlock 
group. 

(a.)  Lower  Ludlow  Rock, — This  is  a  group  of  soft  dark-grey  to  pafo 
greenish-brown  or  olive  sandy  shales,  often  with  calcareous  ooncretiana. 
Muoh  of  the  rock,  however,  presents  so  little  fissile  structure  as  to  gei 
the  name  of  mudstone,  weathering  out  into  concretions  which  fall  to 
an^lar  fragments  as  the  rock  ciiimbles  down.  It  becomes  more  sandy 
and  flaggy  towards  the  top.  From  the  softness  of  the  shales  this  zone  <^ 
rock  has  been  extensively  denuded,  and  the  Wenlock  limestone  rises  up 
boldly  from  under  it. 

An  abundant  suite  of  fossils  has  been  yielded  by  these    sbales. 
Eight  specieii  of  star-fishes,  belonging  to  the  genera  Proiaster  (like  the 
brittle-stars  of  the  British  seas),  Paleeodiscus,  and  Paleeocoma.     A  few 
graptolites  (eight  species  belonging  to  Graptolithus  or  Monograpius)  occur, 
particularly  the  persistent  Monograptm  (Graptolithus)  priodon  (common y, 
M.  colonua,  and  M.  Flemingii.    A  few  corals  occur  in  the  Lower  Ludlow 
rock,  all  of  species  that  had  already  appeared  in  the  Wenlock  limestone, 
but  the   conditions  of  deposit  were  evidently  unfavourable  for   their 
growth.     The  trilobites  are  less  numerous  than  in  older  bods ;  they  in- 
clude the  venerable  Calymene  Blumenbachiif  Phacops  caudatusy  and  its  sdU 
longer-tailed  variety  P.  longicaudcUus  ;  also  Acidanns  Brightii,  Hamahnotiu 
delphinocephalua,  and  Cyphaspia  megalopa.    But  other  forms  of  crustacean 
life  occur  in  some  number.     As  the  trilobites  begin  to  wane,  numeroiw 
phyllopods  appear,  the  genus  Oeratiocaris  being  represented  by  ten  or 
more  species.    Still  more  remarkable,  however,  was  the  iocreasiug  im- 
portance of  the  merostomatous  crustaceans.     Though   brachiopods  aro 
not  scarce,  hardly  any  seem  to  be  peculiar  to  the  Lower  Ludlow  ruck ; 
of  the  38  known  species  33  occur  in  the  Wenlock  group.     BhffnckaneUA 
Wilaoni,  Spirifera  exporecta,  Strophomena  euglvpha^  Atrypa  retiadari$,  and 
Chonetes  minima  are  not  infrequent.    Among  the  more  frequently  recurring 
species  of  lamellibranchs  the  following  may  be  named — Oardioia  interrupts, 
C.  striata,  Orthonota  rigida,  0.  semisukata,  and  a  number  of  species  of 
Pterinea,     The  orthoceratites  are  numerous,  as  Orthocertu  Ludense^  0- 
suhuhduiatum^  also  species  of  Phra^moceroB  and  Lituites.     The  numbers  of 
these  straight  and  curved  cephalopods  form  one  of  tho   dibtinj^uishiog 
features  of  the  zone.     At  one  locality,  near  Leintwardine  in  bhro{>»hiit, 


Digitized  by 


Google 


Pabt  n.  Sect.  ii.  §  2.]        SILUEIAN.  681 

'which  has  been  prolific  in  Lower  Ludlow  fossils,  particularly  in  star-fishes 
and  eurypterid  crustaceans,  a  fragment  of  the  fish  Scaphatpis  (JPteraspU) 
hidenaU  was  discovered  in  1859.  This  is  the  earliest  trace  of  vertebrate 
life  yet  detected.  It  is  interesting  to  note  that  this  fish  does  not  stand 
low  in  the  scale  of  organization,  but  has  affinities  with  our  modern 
sturgeon. 

(&.)  Aymestry  Limestone — a  dark  grey  somewhat  earthy  concretionary 
limestone  in  beds  from  1  to  5  feet  thick.  Where  at  its  thickest  it  forms 
a  conspicuous  feature,  rising  above  the  soft  and  denuded  Lower  Ludlow 
shales,  and,  owing  to  the  easily  removable  nature  of  some  fuller*s  earth 
on  which  it  lies,  it  has  here  and  there  been  dislocated  by  large  landslips. 
It  is  still  more  inconstant  than  the  Wenlock  limestone.  Though  well 
developed  at  Aymestry  it  soon  dies  away  into  bands  of  calcareous 
nodules,  which  finally  disappear,  and  the  lower  and  upper  divisions  of 
the  Ludlow  group  then  come  together.  The  organic  remains  at  present 
known  number  53  genera  and  84  species,  which  for  the  most  part  are 
identical  with  Wenlock  forms.  It  is  evident  that  the  organisms  which 
flourished  so  abundantly  in  the  clear  water  in  which  the  Wenlock  lime- 
stone was  accumulated  continued  to  live  outside  the  area  of  deposit  of  the 
Lower  Ludlow  rock  and  reappeared  in  that  area  when  the  conditions  for 
their  existence  there  returned  during  the  deposition  of  the  Aymestry 
limestone.  The  most  characteristic  fossil  of  the  latter  rock  is  the 
Pentamerua  Knightii;  other  common  forms  are  Bhynchanella  WilsoHi^ 
Lingula  Lewisii,  Straphomena  euglypha^  BeUerophon  dilatatuSy  Pterinea 
Sowerhyi^  with  many  of  the  same  shells,  corals,  and  trilobites  found  in  the 
Wenlock  limestone.  Indeed,  as  Murchison  has  pointed  out,  except  in 
the  less  number  of  species  and  the  occurrence  of  some  of  the  shells  more 
characteristic  of  the  Upper  Ludlow  zone,  there  is  not  much  palssonto- 
logical  distinction  between  the  two  limestones.^ 

(c.)  Upper  Ludlow  Bock. — ^In  the  original  Silurian  district  described 
by  Murchison,  the  Aymestry  '.limestone  is  covered  by  a  calcareous  shelly 
band  full  of  Bhifnchonella  navicula,  sometimes  30  or  40  feet  thick.  This 
layer  is  succeeded  by  grey  sandy  shale  or  mudstone,  often  weathering 
into  concretions,  as  in  the  Lower  Ludlow  zone,  and  assuming  externally 
the  same  rusty-brown  or  greyish  olive-green  hue.  Its  harder  beds  are 
quarried  for  building  stone ;  but  the  general  character  of  the  deposit, 
like  that  of  the  argillaceous  portions  of  the  Upper  Silurian  formations  as 
a  whole  in  the  typical  district  of  Siluria,  is  soft,  incoherent,  and 
crumbling,  easily  decomposing  once  more  into  the  original  mud,  and 
presenting  in  this!  respect  a  contrast  to  the  hard,  fissile,  and  often  slaty 
shales  of  the  Lower  Silurian  series.  Many  of  the  sandstone  beds  are 
crowded  with  ripple-marks,  rill-marks,  and  annelid-trails,  indicative  of 
the  shallow  littoiul  waters  in  which  they  were  deposited.  One  of  the 
uppermost  sandstones  is  termed  the  **  Fucoid  Bed,"  from  the  number  of 
its  cylindrical  sea-weed-Hke  stems.  It  likewise  contains  niunerous 
inverted  pyramidal  bodies,  which  are  believed  to  be  casts  of  the  cavities 
made  in  the  muddy  sand  by  the  rotatory  movement  of  crinoids  rooted 
and  hi^  buried  in  the  micaceous  mud.^  At  the  top  of  the  Upper 
Ludlow  Book  near  the  town  of  Ludlow,  a  brown  layer  occurs  from  a 
quarter  of  an  inch  to  three  or  four  inches  in  thickness,  full  of  fragments 
of  fish,  PterygoiuSy  and  shells.  This  layer,  termed  the  "  Ludlow  Bone- 
>  BauTia,  p.  180.  «  Op.  eU.  p.  138. 
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bed,"  is  the  oldest  from  which  any  oonsiderable  number  of  Totelns 
remains  has  been  obtained.  In  spite  of  its  insignificaiit  thickneM  xt^ 
been  detected  at  numerous  localities  from  Ludlow-  as  far  wm  Fjm. 
Passage,  at  the  mouth  of  the  Severn — a  distance  of  45  miles  froia  wz^ 
to  south,  and  from  Kington  to  Ledbury  and  Malvem — a  disftaooi  i 
nearly  30  miles  from  west  to  east ;  so  that  it  probabljr  coTers  an  im 
(now  largely  buried  under  Old  Red  Sandstone)  not  lees  than  1000  sqv^ 
miles  in  extent.  Yet  it  appears  never  to  exceed  and  uanalljr  to  fsU  Ast 
of  a  thickness  of  1  foot,  ^ish  remains,  however,  are  not  ^yttifiTw^  to  tk> 
horizon,  but  have  been  detected  in  strata  above  the  original  bone-bed  t: 
Ludlow.  The  higher  parts  of  the  Ludlow  rock  consist  of  fine  yj^s^ 
sandstone  and  harder  grits  known  as  the  Downton  sandstone.  Or^n^ 
the  whole  of  these  flag^  upper  paxts  of  the  Ludlow  group  vrere  ctiisi 
'*  Tilestones  "  by  Murchison,  and  being  often  red  in  oolonr  ivere  indaM 
by  him  as  the  base  of  the  Old  Red  Sandstone,  into  which  they  gzadnaHj 
and  conformably  ascend.  Undoubtedly  they  show  the  gpradtiaJ  change  of 
physical  conditions  which  took  place  at  the  dose  of  the  Silurian  peciod 
in  the  west  of  England,  and  brought  in  the  deposits  of  the  Old  Bed 
Sandstone.  But  as  their  organic  contents  are  still  unequivocally  ttop 
of  the  Ludlow  group,  they  are  now  classed  as  the  uppermost  mne  of  tk 
Silurian  system. 

A  considerable  suite  of  organic  remains  has  been  obtained  ^ncan  the 
Upper  Ludlow  rock,  which  on  the  whole  are  the  same  as  ^oee  in  tbe 
zones  underneath.    Vegetable  remains,  some  of  which  seem  to  be  fucdds, 
but  most  of  which  are  probably  terrestrial  and  Ivcopodiaceons,  abound 
in  the  Downton  sandstone  and  passage-beds  into  the  Old  Bed  Sandstone. 
Some  minute  globular  bodies,  doubtfidly  referred  to  the  sporangia  o^ 
a  lycopod  (Pachyikeca\  occur  with  some  other  plant  remains  (Poc^ 
sporangium,  Actinophyuum,   ChondriieSf  a  beautiful    sea-weed).      Cora^ 
as  might  be  supposed   from    the    muddy  character   of   the    deposit, 
seldom  occur,  though  Murchison  mentions  that  the  encrusting  foi^ 
Alveolites  fibrosus  may  not  infrequently  be  found  enveloping  sbelh 
Cydonema  eoraUii  and  Murchisonia  corallii  being,  as  their  names  imply*  i^ 
favourite  habitats.      All  the  corals  of  these  and  the  other  divisions  of 
the  Ludlow  group  are  also  Wenlock  species.     Some  annelides  (^SetpMei 
longispinus,  Varmiites  serptdarius,  and  Trachyderma  cariacea)  are  not  un- 
common.    The  Crustacea  are  represented  in  the  Upper  Ludlow  root 
by  23  genera  and  71  species,  and  in  the  whole  Ludlow  group  by  29 
genera  and  97  species,  including  ostracods  {BeyricfUa  EJoddeni,  Lepm^    / 
marginaia,  EnUmis  tuberosa),  phyllopods  (16  species,  CenUiocariSj  Didgo- 
earis),  and  eurypterids  {Eurypterus  10  species,  Hemia^pis  6,  Pterygot»9% 
Slimoma  3,  Styhnurus  3,  HimarUopterus  1).     The  trilobites  have  stiU 
further  waned  in  the  Upper  Ludlow  rock,^  though  HomaUmotus  KnighA 
Encrinurus  pwnctaius,  Phacops  DoumingisB,  and  a  few  others  still  occur,  and 
even  the  persistent  Calymene  Blumenbdchii  may  occasionally  be  foond. 
Of  the  brachiopods  the  most  abundant  forms  in  this  zone  are  Bkflr 
chondla  nucula,   Chonetes  striaiella,  Discina  rugata,  and  Lingvla  con^ 
The  most  characteristic  lamellibrancbs  are  Orthonota  amygdalina,  Chmo- 
plun-a  cymbmformis,  Pterinea  lineata,  P.  retroflexa  ;  some  of  the  commonest 
gasteropods  are  Murchisonia  corallii,  Plaiyschisma  helicites,  and  Holopdh 
ohsoleta.     The  orthoceratites  are  specifically  identical  with  those  of  the 
Lower  Ludlow  rook,  and  are  sometimes  of  large  size,  Orthoceras  huUaiun 
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"being  specially  abundant.  In  all  10  genera  and  14  species  of  fishes 
liave  been  recovered  from  the  Ludlow  rocks.  The  fish  remains  consist 
of  bones,  teeth,  shagreen-like  scales,  plates,  and  fin-spines.  They  in- 
clude some  plagiostomous  (placoid")  forms  {Thelodus),  sbagreen-scales 
(^^hMgodus)^  skin  (the  spines  desorioed  under  the  name  of  Ono^tM^being 
probably  crustacean),  and  some  ostracosteans  (C^halaspia,'  Auchmctspis, 
and  Pteraspis). 

In  the  typical  Silurian  region  of  Shropshire  and  the  adjacent 
counties,  nothing  can  be  more  decided  than  the  lithological  evidence  for 
the  gradual  disappearance  of  the  Silurian  sea,  with  its  crowds  of 
graptolites,  trilobites,  and  brachiopods,  and  for  the  gradual  introduction 
of  those  geographical  conditions  which  brought  about  the  deposit  of  the 
Old  Red  Sandstone.  The  fine  grey  and  olive-coloured  muds,  with  their 
occasional  zones  of  limestone,  are  succeeded  by  bright  red  clays,  sand- 
stones, comstones,  and  conglomerates.  The  evidence  from  fossils  is 
equally  explicit.  Up  to  the  top  of  the  Ludlow  rocks  the  abundant 
Silurian  fauna  continues  in  hardly  diminished  numbers.  But  as  soon 
as  the  red  strata  begin  the  organic  remains  rapidly  die  out,  until 
at  last  only  the  fish  and  the  large  eurypterid  crustaceans  continue 
to  occur. 

Turning  now  from  the  interesting  and  extremely  important  though 
limited  area  in  which  the  original  type  of  the  Upper  Silurian  rocks  is 
developed^  we  observe  that  whether  traced  northwards  or  south-weat- 
wards  the  soft  mudstones  and  thick  limestones  give  way  to  hard  slates, 
grits,  and  flagstones,  among  which  it  is  scarcely  possible  sometimes  even 
to  discriminate  what  represents  the  Wenlock  from  what  may  be  the 
equivalent  of  the  Ludlow  group.  It  is  in  Denbighshire  and  the  adjacent 
counties  that  this  change  becomes  most  marked.  The  Tarannon  shale 
above  described  passes  into  that  region  of  North  Wales,  where  it  forms 
the  base  of  the  Upper  Silurian  formations.  It  is  covered  by  a  series  of 
grits  or  sandstones  which  in  some  places  are  at  least  3000  feet  thick. 
These  are  covered  by  and  pass  laterally  into  hard  shales,  which  are 
believed  to  represent  parts  of  the  true  Wenlock  group,  perhaps  even 
some  portion  of  the  Ludlow  rocks.  It  is  evident,  however,  that  in  spite 
of  the  wide  extent  over  which  these  Silurian  rocks  of  North  Wales  are 
spread,  and  the  great  thickness  which  they  attain,  they  do  not  present 
an  adequate  stratigraphical  equivalent  for  the  complete  succession  in 
the  original  Silurian  district.  Instead  of  passing  up  conformably  into 
the  base  of  the  Old  Red  Sandstone,  as  at  Ludlow,  they  are  covered  by 
that  formation  unconformably.  In  fact  they  have  been  upturned, 
crumpled,  faulted,  and  cleaved  before  the  deposition  of  those  portions  of 
the  Old  Bed  Sandstone  which  lie  upon  them.  These  great  physical 
changes  took  place  in  Denbighshire  when,  so  far  as  the  evidence  goes, 
there  was  entire  quiescence  in  the  Shropshire  district ;  yet  the  distance 
between  the  two  areas  was  not  more  than  about  60  miles.  These 
subterranean  movements  were  doubtless  connected  vdth  those  more 
widdy  extended  upheavals  which  converted  the  floor  of  the  Silurian  sea 
into  a  series  of  isolated  basins,  in  which  the  Old  Red  Sandstone  was 
laid  down. 

In  Westmoreland  and  Cumberland  a  vast  mass  of  hard  slates,  grits, 
and  flags,  was  identified  by  Sedgwick  as  of  Upper  Silurian  age.  These 
form  the  varied  ranges  of  hills  in  the  southern  part  of  the  Lake  district 


Digitized  by 


Google 


684  STEATIGRAPfllCAL  GEOLOGY.        [Book  VI 

from  near  Shap  to  Daddon  month.      The  following  are  the  local  lib- 
divisions  with  the  conjectnral  eqnivalents  in  Silnria :  ^ 


Hft?   Fell   and 
Kirkby  Moor* 

FlAgB    . 


Baniuadale 
Slated  . 


ConistoQ  Grits 


Flaggy  beds,  with  lamellibranchs  abandant     =  (TYTiksioiKflw 
MaasiTe  greeniah  and  grey  sandstones,  with!     JUpper  Lod- 

bands  of  fosnls,  Hofmoeua  abundant         .  /  ~  I    lOW. 
Galcareoos  beds,  with  JMynefcon^Oa  navieidaS  _  (JLymctUy 

abandant /    \  Ltmertooe. 

Sandstone  and  Bbale,  with  Btar-ilsh      .         •  ={^^  ^"^ 
Dark  bine  flogs  and  grits  of  great  thiok-1     fUpper  Wea- 

/     I    lock. 


Flags  and  greywaoke  (Orihoeenu  subundu^ 
UUttm,  O,  angidatumy  Monograptui^Orapto- 
Uthui)  Flemingiij  M.  colonui,  CeraHooaru 
Murehuoni),  upwards  of  4000  feet    . 

ConistonFlags.j    QroSfei^  ntbund^  .^ 

Coniston  Limestone  (Lower  Silnrian)  ....   ={^S[i2f 


_ /Lower  Wei 
^-\    lock. 


In  the  northern  part  of  the  Lake  district  a  great  anticlinal  fM 
takes  place.  The  Skiddaw  slates  arch  over  and  are  succeeded  by  tk« 
base  of  the  volcanic  series  above  described.  But  before  more  than  i 
small  portion  of  that  series  has  appeared  the  whole  Silurian  area  is  orer* 
lapped  unconformably  by  the  Carboniferous  Limestone.  It  is  necesMiy 
to  cross  the  broad  plains  of  Cumberland  and  the  south  of  Dnmfriefi^in 
before  Silurian  rocks  are  again  met  with.  In  this  intervening  tract  » 
synclinal  fold  must  lie,  for  along  the  southern  base  of  the  uplands  of  tbe 
south  of  Scotland  a  belt  of  Upper  Silurian  rocks,  dipping  on  the  whole  ti> 
the  south-east,  can  be  traced  from  the  heart  of  the  Cheviot  Hills  to  t^ 
headlands  of  Wigtownshire.  These  rocks  must  reach  a  tfaicknen  of 
several  thousand  feet,  but  their  top  is  nowhere  seen.  They  repose  os 
some  of  the  older  parts  of  the  Llandeilo  series,  with  so  close  a  ooincideoc« 
of  dip  and  strike  that  no  decided  unconformability  has  yet  been  tncei 
between  them.  They  consist  essentially  of  shales,  with  a  oonsidenbie 
proportion  of  grey  wacke  bands  towards  the  base.  At  different  borisoof 
they  contain  lenticular  bands  of  a  calcareous  pebbly  grit  But  their  most 
characteristic  feature,  and  one  which  at  once  distinguishes  them  locally 
from  tbe  adioining  Lower  Silurian  rocks,  is  the  occurrence  of  a  browmsh 
black,  highly  fissue  shale,  composed  of  layers  in  most  cases  as  thin  as 
ordinary  writing  paper  and  usually  crowded  with  graptolites.  Then 
peculiar  bands  occur  throughout  the  whole  series  of  rocks  from  bottom  to 
top.  They  are  sometimes  so  thin  that  20  or  30  seams  or  ribs,  each  finely 
fissile,  may  be  seen  intercalated  within  the  space  of  an  inch  of  tb^ 
ordinary  shale  or  greywacke.  Occasionally  they  form  zones  80  to  V^* 
feet  thick,  consisting  entirely  of  finely  leaved  graptolitic  shales.  Am  i 
whole  these  Scottish  Upper  Silurian  strata  resemble  litbologically  tbe 
corresponding  series  in  Westmoreland,  though  here  and  there  tber 
assume  the  character  of  mudstones  not  unlike  those  of  Shropshire.  Hm 
abundant  fossils  in  them  are  simple  graptolites  {M<mograpiit§  (ffrtf*^- 
lithuB)  Sedgmckii,  M.  Beeki,  M.  FUmingii,  Sf.  colanuB,  M.  grUtUmemit^ 
tioUtes  geiniigianuBy  &o.).    Orthoceratites  come  next  in  point 'of  numben 

*  The  arrangeinent  and  Ihioknesiies  here  giren  are  those  in  the  Kendal  district  •* 
mapped  by  Mr.  Adeline  and  Mr.  Ha}?he8  in  the  oonrdO  of  the  Geological  Smrrt 
{8iif€t  08,  8.E.,  Explanation,  pp.  6-18.  1872). 
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(OrihoceroB  annulcUum,  0.  tenuicinctum,  <fec.).  In  some  of  the  shales 
orastacean  fragments  are  numerous.  They  include  large  pieces  of  the 
carapace  of  Dtctyocaris,  with  remains  of  Ceratiocaria  and  Pterygotus,  The 
pebbly  grits  contain  Petraia  and  crinoid  stems.  In  the  south  of  Kirk- 
cudbright certain  limestones  and  conglomerates  intercalated  among  those 
shales  nave  yielded  a  more  varied  fauna,  having  on  the  whole  a  decidedly 
Wenlock  character,  and  including  Favosites^  OcUenipora,  Beyrichia  tuber- 
culat<iy  Phacops  caudaius,  MeriateUa^  Leptsena  serieea,  Atrypa  reticulariat 
Strophomena  iwhreXy  Murchiaonia^  Orihoeercu  tenuicinctum^  &c. 

It  is  impossible  in  the  south  of  Scotland  to  separate  the  Upper 
Silurian  rocks  into  Wenlock  and  Ludlow  groups.  On  the  whole  these 
rocks  seem  to  be  representative  mainly  of  the  older  half  of  the  Upper 
Silurian  divisions.  They  are  covered  unconformably  by  Lower  Old 
Bed  Sandstone  and  later  formations.  In  the  counties  of  Edinburgh  and 
Lanark,  however,  the  base  of  the  Lower  Old  Red  Sandstone  is  found 
to  graduate  downward  into  a  thick  series  of  brown,  olive,  and  grey 
shales,  sandstones,  and  grits,  containing  undoubted  Ludlow  fossils.  It 
is  deserving  of  remark  also  that  the  peculiar  lithological  type  so 
characteristic  of  the  strata  in  the  original  Silurian  area  reappears  in  the 
centre  of  Scotland,  many  of  the  concretionary  brown  shales  and  olive- 
coloured  mudstones  being  undistinguishable  from  those  in  the  typical 
sections  at  Ludlow.  Some  of  these  beds  are  crowded  with  fossils, 
among  the  most  typical  of  which  are  Leptsena  tranaversalis,  Orthoiwta 
amygdaUna,  PkUyaaiimna  hdiciteBy  Beyrichia  Kkadeni^  Orthoeeraa  Maclareni, 
with  many  crustaceans  of  the  genera  Ceratiocaria,  Dictyocaria,  Eurypterua, 
Pterygotua,  Slimania^  and  Styhmurua,  In  the  Pentland  Hills  these  strata 
are  estimated  to  attain  a  thickness  of  3500  to  4000  feet,  but  their  base  is 
nowhere  reached ;  in  Lanarkshire  they  are  at  least  as  thick.  Their  lower 
portions  may  represent  some  of  the  higher  parts  of  the  Wenlock  group. 

Ireland  furnishes  some  interesting  evidence  regarding  the  geo- 
graphical changes  in  the  west  of  Europe  between  the  close  of  the  Lower 
Silurian  and  the  beginning  of  the  Upper  Silurian  period.  It  has  already 
been  pointed  out  that  the  metamorphosed  Lower  Silurian  rocks  of  the 
Scottish  Highlands  are  prolonged  into  the  north  of  Ireland,  whence  they 
range  south-westwards  to  Galway  Bay.  In  the  picturesque  tract 
between  Lough  Mask  and  the  mouth  of  Killary  harbour  these  metamor- 
phosed rocks  are  unconformably  overlaid  by  masses  of  sandstones,  con- 
glomerates, and  shales  more  than  7000  feet  thick,  and  containing 
Llandovery  and  Wenlock  fossils  with  a  mixture  of  Caradoc  forms.  In 
the  midst  of  the  gre^^tly .  metamorphosed  Lower  Silurian  platform, 
portions  are  to  be  found  still  little  altered  and  full  of  fossils.  The 
overlying  Upper  Silurian  strata  have  not  been  metamorphosed,  but 
contain  pebbles  of  the  altered  rocks  on  the  upturned  edges  of  which 
they  lie.  It  is  evident  therefore^  as  Mr.  Hull  has  remarked,  that  the 
metamorphism  must  have  occurred  between  the  formation  of  the  Lower 
and  that  of  the  Upper  Silurian  rocks  of  the  region.^  In  connection  with 
this  question  it  should  be  remarked  that  s^undant  volcanic  activity 
accompanied  the  deposit  of  these  Upper  Silurian  rocks  in  the  west  of 
Ireland,  successive  sheets  of  lava  ^eurite)  and  beds  of  tuff  forming  con- 
spicuous bands  among  the  stratined  rocks,  and  reaching  a  collective 

>  Phytical  Geology  of  Irdandy  p.  22 ;  Einahan*8  Gtoloqy  of  Ireland,  chap.  iii.  ; 
OecHogioal  Survey  of  Irdandt  Explanation  of  Sheets  (76,  77,  88,  and  84). 
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thioknesfl  of  800  feet  and  npwards.  Between  Brandon  Head  and  Dm^ 
Bay  a  thick  mass  of  strata  on  the  coast  mnst,  from  the  comparatiYely  &▼ 
fossils  obtained  from  it,  be  held  to  represent  Upper  Silurian  formatkBs. 

Scandinavia  and  Basin  of  the  Baltic.^ — The  broad  hoUow  wlikk 
mnning  from  the  month  of  the  English  Channel  across  the  plains  ci 
northern  Germany  into  the  heart  of  Bnssia,  diyides  the  high  gronndfl  -M 
the  north  and  north-west  of  Europe  from  those  of  the  centre  and  sooti 
separates  the  European  Silurian  region  into  two  distinct  areas,  hi  tix 
northern  of  these  we  find  the  Lower  and  Upper  Silurian  £anDSti*^ib 
attaining  an  enormous  development  in  Britain,  but  rapidhr  diminiaii- 
ing  in  thickness  towards  the  north-east,  until  in  the  south  of  SeandiiuTtt 
and  the  Gulf  of  Finland  they  reach  only  about  ^th  of  that  dq>tL  h 
these  latter  tracts,  too,  they  have  on  the  whole  escaped  so  well  from  tix 
dislocations,  crumplings,  and  metamorphisms  so  conspicuous  to  the 
south-west,  that  to  this  day  they  remain  over  wide  spaces  nearij  u 
horizontal  and  soft  as  at  first.  In  the  southern  area  Silurian  rocb 
appear  only  here  and  there  from  amidst  later  formations,  and  ahnoF; 
everywhere  present  proofs  of  intense  subterranean  movement.  Though 
sometimes  attaining  considerable  thickness  they  are  much  lessteiii' 
ferous  than  those  of  the  northern  part  of  the  region,  except  in  tbe  basii 
of  Bohemia,  where  an  exceedingly  abundant  series  of  Suurian  oigmic 
remains  has  been  preserved. 

In  the  south  of  Scandinavia  (Mjosen  See,  Malmo,  Gothland)  tk 
Lower  and  Upper  Silurian  rocks  attain  a  united  thickness  of  not  wan 
than  about  1200  feet,  yet  are  said  to  contain  representatives  of  all  th 
leading  subdivisions  of  the  British  series.  The  following  table  exhibiu 
the  Silurian  succession  in  the  western  part  of  the  Baltic  basin  with  tht 
supposed  English  eqmvalents : 


Lodlov. 


Sandy  beds,  with  Pterinea  retroflexa,  BhynehoneUa  ««<''*^»\_TTDDer 
Orihonata  rettMO,  Beyrichia  tubereulata.    S.  Gothland      ./     ^PP^ 

Upper  Malmo  llmeBtone \ 

Upper  Graptolite  marls,  Monograpius  (QrapiciUhu$)  priodanl 

(LiMltfnM)  abundant >= Lower  Lndlov. 

Lower  Malmo  limestone,  with  large  Orthooer<Ua  having 
central  siphunolee 

Enorinital  sohiiti  with  orthoceratites  and  Oomphocerat 
pyri/orme 

Coral  limestone  (Omphyma  turbinatum  and  other  Wenlock 
corals).        ...  

Pentamems  limestone  (Pentamerui  obtongw,  P.  galeatut^ 
StriekUMndinia  lent,  LepUena  tranwerialis,  JEncrinurw 
punetaiu$,&o.) 

Lower  argillaoeons  schists         «....• 

Oalcareoos  sandstones  (Brachiopod  schist)  containing  a 
mixture  of  Llandovery  forms,  as  Meri$teua  angu8ti/ron$y 
and  many  large  smooth  PmUameri .  ... 

Calcareous  ana  argillaceous  flagstones  (Trinuoleus  schist), 
OrthU  eaUigramnwty  0.  teaudinaria^  0,  pecten,  LtpUtna 
terioeoy  ComUaria  miadriiuloata,  Aiaphue  expan$u$y  iWntt- 
deut  eonoentrieu9f  ko 

Chasmops  limestone  and  Encrinital  schists . 


=Wen]ook. 


sLlandovefy. 


=Caradoo. 


>  Consult  Angelin's  **  Palaeontologica  Snecica ;  '*  Kjemlf,  **  Norges  Oeol<^*  1^ 
or  **  Geologic  dea  Sudl.  Norvegen*'  (Gurlt),  1880. ;  Linnarseon,  ZeiUelh,  DmtteL  Gm 
Oe$eU,  XXV.  675 ;  GtoL  Mag.  1876,  pp.  145, 241 ;  QtoL  F$reningen$  Stoekkeim,  M^^ 
1877, 1879 :  Lundgren,  Neu($  JahA.  1878,  p.  699. 
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Middle  Oraptolite  (Dionnograptas)  schists,  with  Ph^fOograptui 
hmu8^  JHdymograptua  geminue,  Diplooraptu$  prittis^  D, 
folium^  D.  tereHwcuhu,  and  forms  of  Asaphuty  Ogygia, 
Tnnuoleu$,  &o 

Lower  Orthoooratite  limestone  (Oeratopyge-Ealk),  with 
Orthoeeras  duptex^  0.  annulaiwn,  Lituites  oomU'-aHetU^ 
OrihU  caOigrammOt  0,  degarUula,  BeUerophon  hilobatusj 
Ptyehopyge  applancUa,  Megahupii  limbatumj  Agnottus  gla- 
hraluB.&c    ........         .j 

Lower  Graptolite  (Fhyllograptus)  schists  (with  numerous' 
graptolites  of  the  genera  Didymogmptut^  TetragraptuB^ 
DMiograpUu,  Temnograptus,  PhyUograptua,  &c.,  resting  on 
the  Gamhrian  Almn-sohists] 


=Llandeilo. 


=Arenig  in  part 


In  the  Ghristiania  distriot,  acoording  to  Ejemlf,  the  following  sub- 
divisions can  be  established : 

Compact  grey,  often  hituminous  limestone,  with  abundant  Orthoeer<u  eoch- 

Uatum  and  ChoneUs  striateUa, 
^  Grey  somewhat  bituminous  limestone,  with  shales  and  clays. 
g"  Fissile  green  or  grey  marly  shales  containing  the  last  graptolites.     This 

and  &B  two  overlying  members  haye  a  united  depth  of  835  Norwegian 

feet  at  Bingerige. 
.Coral-limestone  and  Pentamerus  limestone. 

Calcareous  sandstone,  with  BhynchoneUa  diodonta  and  shales,  150  to  370  feet. 
Shales  and  marls,  with  nodules  and  short  beds  of  oement-stone  (2Wnii- 

deuB,  Cha9mop$\  700  feet 
Graptolite  shales,  Limestone  in  two  or  more  bands  (Orthoeeras-,  Asaphus-, 

Megalaqais-limestone),  250  feet  in  places. 


^ 


Though  the  general  resemblance  of  the  succession  of  fossils  in 
Scandinavia  and  in  Britain  is  singularly  close,  there  are,  as  might  have 
been  anticipated,  differences  in  the  range  of  species,  some  forms  having 
appeared  earlier  or  having  survived  later  in  the  one  region  than  in  the 
other.  Thus  the  Pentamerus  obhngtu  ascends  in  Scandinavia  into  rocks 
full  of  Wenlock  corals,  but  does  not  occur  in  the  Wenlock  group  of 
Britain.  On  the  other  hand,  among  Scandinavian  strata  containing  such 
characteristically  Lower  Silurian  genera  of  trilobites  as  ABophui,  Trinu- 
deua,  and  Ogygia,  there  occur  organisms  which  in  Britain  are  typically 
Upper  Silurian,  such  as  Orihoceraa  dimidiatum  and  0.  distana,  two  fossils 
of  the  Ludlow  rocks.  In  Britain  no  graptolites  have  yet  been  found 
below  Arenie  rocks,  but  in  Scandinavia  they  occur  in  the  Dictyonema 
schists,  whi<m  are  probably  of  Upper  Cambrian  aee.  These  facts  possess 
considerable  importance  in  relation  to  the  value  of  palseontological 
evidence  in  correlating  the  formations  of  different  countries,  since  they 
indicate  that  the  order  of  succession  found  to  hold  good  in  one  region 
cannot  be  rigidly  applied  to  others,  as  is  so  often  attempted  by  palsdon- 
tologists,  and  that  in  such  cases  it  is  not  from  individual  species  so  much 
as  from  the  general  fades  of  the  fossils  that  we  must  draw  geological 
parallels.  The  first  appearance  and  duration  of  a  species  have  doubtless 
greatly  varied  in  different  regions.  It  is  altogether  agcdnst  the  analogies 
of  nature  to  hold  that  a  species  has  everywhere  haa  nearly  or  precisely 
the  same  chronological  range. 

In  the  northern  regions  of  Sweden  and  Norway  the  Silurian  forma- 
tions present  a  remarkably  different  development  from  that  just  described. 
According  to  the  researches  of  A.  E.  Tomebohm  they  are  there  represented 
by  vast  masses  of  quartzite,  mica-slate,  gneiss,  hornblende-schist,  day- 
slate,  and  other  crystalline  rocks,  llie  schists  can  be  seen  reposing  upon 
recognizable  Silurian  strata  in  numerous  natural  sections,  and  without 
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crumpling,  invasion  of  eruptive  massos  or  other  disturbanoe.  In  ihei- 
general  character  and  order  of  succession  these  Scandinavian  rocb 
present  many  points  of  resemblance  to  the  altered  Silurian  Keries  of  the 
Highlands  of  Scotland  already  described  (p.  583).  Tornebohm  divides 
them  into  two  series— the  Seve  group,  composed  of  a  set  of  qnartzitce, 
and  crystalline  schists  covered  by  the  Eoli  group,  in  wbioh  mica-echists 
and  clay-slates  are  the  chief  rocks.  The  latter  may  be  metamorphosed 
shales,  and  it  is  remarkable  that,  as  in  Scotland,  the  lower  parts  of  ih% 
group  are  generally  the  less  altered.^ 

In  Russia  Silurian  rooks  must  occupy  the  whole  vast  breadth  of 
territory  between  the  Baltic  and  Hie  flanks  of  the  TJral  MountuDi, 
beyond  which  they  spread  eastward  into  Asia.  Throughout  most  of  this 
extensive  area  they  lie  in  horizontal  undisturbed  beds,  covered  over  and 
concealed  from  view  by  later  formations.  Along  the  flanks  of  the  Urals 
they  have  been  upheaved,  and  placed  on  end  or  at  a  high  angle  against 
the  central  portions  of  that  chain,  and  have  been  partially  metamorphosed 
into  chlorite-schist,  mica-schist,  quartz-rock,  and  other  crystalline  masBOS. 
But  along  the  southern  margin  of  the  Gulf  of  Finland  they  appear  at  the 
surface  as  soft  clays,  sands,  and  unalteied  strata,  which,  bo  far  as  theii 
lithological  characters  go,  might  be  supposed  to  be  of  late  Tertiary  date, 
80  little  have  they  been  changed  during  the  enormous  lapse  of  ages  since 
Lower  Palaeozoic  time.  The  great  plains  between  the  Ural  cbain  on  the 
east  and  the  rising  grounds  of  (Germany  on  the  south-west  have  thus 
from  a  remote  geological  antiquity'  been  exempted  from  the  terrestrial 
corrugations  which  have  affected  so  much  of  the  rest  of  Europe.  They 
have  been  alternately,  but  gently,  depressed  as  a  sea-floor,  and  elevated 
into  steppes  or  plains.  The  following  subdivisions  have  been  established 
by  F.  Schmidt  among  the  Silurian  rooks  of  north-west  Russia :  ^ 

I.  Upper  Silurian, 

fSandy  variable  limestone,  with  marly  layers   passing   into   sandstoDd 
<     (^Beyridiia  itibereulaiay  GratMnytia  cingtUata,  Chonetes  strialeOa  and 
,    numerous  fish  remains,  Onehue,  kc). 

Upper  Oesel  Group,  yellow  marly  and  sometimes  dolomitic  strata  {Bhjfn- 
Jumena  WUtoni,  ChoneUs  striateUa,  PkUyichisma  heUcUe$,  Emypiena 
^    remipe$,  and  fish  remains,  &o.). 

Lower  Oesel  group,  dolomite,  with  marl  and  ooral  limestone  below  (Propora 
tubulat<iy  BaXyntea  dittans,  Beyriehia  Kloedeni,  Enerinurw  pundaiut, 
Proilus  condnnus,  MeristeUa  tumida^  Spiri/era  critpc^  Leptsma  trantver- 
8€di8,  EuomphaluB  funatuif  Orthoceras  annulatumt  so.). 
Pentamerus  band,  with  P.  ehstonuB  (Mongm)^  Alveolite$  LabechH,  BeUe- 
rophon  dtUUatus,  BronUuB  tignatus  (laticaudd), 
^  Compact  limestone  and  dolomite  with  siliceous  nodules  (^ffelidUUi  inUr- 
'^  '     mnctuSf  Ptilodietya  foatpeUum^  Strophamena  peeten,  OrthU  h^yrida, 
3        Pentamenu  linguifer^  LeperdUia  marginata). 
M    (Pentamerus  hand,  limestone,  and  dolomite,  with  Pentamerus  horeaii$,  Ac 

n.  Lower  SUurian, 

3orkholm  limestones  and  marls  (JSalysiU$  labyrinihica^  HelicUlM  meoo- 
.  Btoma,  SyringophyUum,  organum,  IAcha$  margariti/er,  Pleurorhyneikui 
5         diptenu,  OrOioeeras  calamiteum,  Ac.). 

'3  '  Lyokholm,  yellow  or  grey  compact  limestone  and  marls  ^Orthi$  JlobeUulwn, 
^         0.  Actortim,  O.  instdaris,  &o.). 

^     Wesenberg  limestone  and  marl  {OrthU  teatudinaria^  Mnerinurus  mulii- 
§egmentatM8,  Lichas  Eichwaldi^  &c.). 


^1 

H1 


ill 

I 


>  A.  E.  Tornebohm,  Bihang  HU  K.  Svenska  Vet.  Akad.  Eandl.  I  No.  12, 1873. 
*  Vntertuehwngen  iiber  die  Silurisehe  FomuUion  van  EheUand,  Nard  lAvland  w» 
Oesel,  published  in  Arehiv/Ur  die  Naturkunde  lAv.  Mhst.  und  Kurlands,  Doipat,  185& 
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I 


i 
< 


Xiimeetone  usually  somewhat  bitaminons,  with  partings  of  reddish-yellow 

and   brown  very  bitmninooB   marl  {Beyrichia   complicctUif  A$aphu8 

aoumincUutt  OrthU  eciUigramma,  L^txna  aerieea^  &o.). 
Orthoceratite  limestone  (Yaginaten-Kalk)  and  marl  bands,  15  to  40  feet 

thick  (Mantieulipora  petropolitana^  EehinoephiBritea  aurcmtium,  Asaphiu 

exparuuBj  Orihis  odUigramma,  Orthoeeras  fxigiruUum,  &c.). 
Limestone,  full  of  glauconite  grains,  especially  towards  the  bottom  {OrthU 

caUigramma,  0.  eztenea,  abundant  fragments  of  lUssnus  and  Aeaphw, 

Ac.). 
'Glauconite  sand  (6  feet),  with  numerous  foraminifera  in  the  glauconite 

grains  {PanderdUij  Cymbulia^  Tiedemanniiif  Ac.)  and  the  **  Conodonts  " 

of  Pander. 
Alum<slate   (10   feetX  highly   carbonaceous,  with  pyrite-nodules   and 

abundant  graptolites  (Dictyorwma  Hisingeri^  Obolus,  Ac). 
Ungulite  sandstone  (120  feetj^  yellow  to  white,  with  (in  the  upper  part) 

abundant  shells  of  Obolus  ApoUinis  ("  Ungulites  "  of  Pander). 
Blue  Clay,  with  sandstone  bands,  sparingly  fossiliferous ;  bored  at  Bevel 

to  a  depth  of  800  feet  without  its  bottom  being  reached. 

Bohemia.^ — In  the  centre  and  south  of  Europe  by  far  the  most 
important  Silurian  area  is  the  basin  of  Bohemia,  so  admirably  worked 
out  by  M.  Barrande,  wherein  the  formations  are  grouped  as  in  the  sub- 
joined table : 

Stage  H  Shales  with  coaly  layers  and  beds  of  quartzito 
(Phaeops  fecundui,  Tentaetdites  etegatu),  with 
species  of  LepUmOj  Orthoeeras^  LituiU$,  Qoniatite$f 
Ac 850  ft. 

„     G   Argillaceous  limestones  with  chert,  shales,  and 

calcareous  nodules 1000  „ 

Numerous  trilobites  of  the  genera  Dalmanitetf, 
BronUus,  Phacops,  Proitus^  Harpes^  and  Caly' 
mene;  Atrypa  fitieularU,  Pentamerus  linguj/er, 

„  F  Pale  and  dark  limestone  with  chert  Harper, 
LichoMt  Phacop^t  Atrypa  reticularis^  Pentamerus 
gaieatus,  Favosites  gomlandica,  F,  fibrosa^  Tenia' 
euHies. 

„     E  Shales  with  calcareous  nodules,  and  shales  resting 

on  sheets  of  igneous  rock  (300  ft)       .         •      450-900  „ 
A  yery  rich  Upper  Silurian  fieiuna,  abundant  cepha- 
lopoda,   trilobites,    Ac;     Halysites    catenulariot 
graptolites  in  many  species. 

„     D  Yellow,  grey,  and  black  shales,  with  quartsite  and 

conglomerate  at  base 3000  „ 

Abundant  trilobites  of  genera  TrinucUus,  Ogygia^ 
Asapihus^  IJUsnus,  Bemopleurides,  Ac 

„     C  Shales  or  **  schists,'*  sometimes  with  porphyries 

and  conglomerates 900-1200  „ 

ParadoxideSf  EUipsocephalus,  Agnoslus^  and  other 
genera  of  trilobites  referred  to  above  (ante^  p.  659). 

**     jrjschists  wholly  unfossiliferous  resting  on  gneiss. 

The  lower  two  Stages  (A,  B)  correspond  probably  to  some  of  the  older 
parts  of  the  British  Cambrian  series,  and  perhaps  in  part  to  still  older 
rocks,  istage  C,  or  the  Primordial  Zone,  is  the  equivalent  of  the  Upper 
Cambiian  rocks  of  Wales,  possibly  also  partly  of  the  Arenig  series, 
^tage  D,  subdivided  into  five  groups  (dl,  tf2,  d3,  d4,  and  d5),  appears  to 
be,  on  the  whole,  representative  of  the  Lower  Silurian  formations  of  the 
British  area,  though  it  is  impossible  to  make  the  minor  subdivisions  in 
I  See  Barrande's  magnificent  work,  «  Syst^e  Silurien  de  la  Boh^me." 
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ihe  two  oonntriee  ^nee.  The  remaining  four  Stages  answer  to  tlie 
English  and  Welsh  Upper  Silorian  groups — the  highest  stage  of  all  (H) 
indioating  by  its  oiganio  remains  the  approach  of  the  Devonian  syst^a. 

Small  though  the  area  of  the  Silurian  basin  of  Bohemia  is  (for  it 
measures  only  100  miles  in  extreme  leneth  by  44  miles  in  its  greatect 
breadth),  it  has  proved  extraordinarily  rich  in  organic  remains.  M.  Bar- 
rande  has  named  and  described  several  thousand  species  from  that  basin 
alone,  the  greater  number  being;  peculiar  to  it.  Some  aspects  of  its  organic 
faoies  are  truly  remarkable.  One  of  these  is  the  extraordinary  variety 
and  abundance  of  its  straight  and  curved  cephalopods.  M.  Barrande  has 
determined  18  genera  and  two  subgenera,  comprising  in  all  no  fewer 
than  1127  distinct  species.  The  genus  Orthoceraa  alone  contains  564 
species,  and  Cyrioeeras  has  330.^  Of  the  trilobites,  which  appear  in  great 
nimibers  and  in  every  stage  of  growth,  the  same  indefatigable  explorer 
has  detected  as  many  as  42  distinct  genera,  comprising  350  species; 
the  most  prolific  genus  being  Bronteus,  which  includes  46  species  entbely 
confined  to  the  3rd  &una  or  Upper  Silurian.  AcicUupis  has  40  species,  of 
which  six  occur  in  the  2nd  and  34  in  the  3rd  fauna.  Proeius  also  nnmben 
40  species,  which  all  belong  to  the  3rd  fauna,  save  two  found  in  the  2md^ 
Other  lessprolific  but  still  abundant  genera  are  Dalmaniiea^  Phacaps^  and 
BleenuB.  Tne  2nd  fauna,  or  Lower  Silurian  series,  contains  in  all  32  genera 
and  127  species  of  trilobites,  while  the  3rd  fauna,  or  Upper  Silurian 
series,  contains  17  genera  and  205  species,  so  that  generic  types  are 
more  abundant  in  the  earlier  and  specific  varieties  in  i£e  later  rocks.' 

France  and  Belgium. — The  researches  principally  of  Goseelet  have 
demonstrated  that  a  considerable  part  of  the  strata  grouped  by  Dumont 
in  his  *'  terrain  rh^nan,'*  and  generally  supposed  to  be  of  Devonian  age, 
must  be  relegated  to  the  Lower  Silurian  series.  He  shows  that,  though 
almost  concealed  by  younger  formations,  the  Silurian  rocks  that  are  laid 
bare  at  the  bottom  of  the  valleys  of  Brabant  can  be  paralleled  in  a 
general  way  as  under : 

8ohiste$  ds  Fosse;  psammites  and  liutrona  shales  with  nodules  and  ereu 
beds  of  limestone,  containing  most  of  the  fossils  of  the  group  beloir,  with 
the  addition  of  Spharexoehus  mirusy  and  HalysUes  catenidaria. 

SchisUs  ds  OefoMoux ;  pyritons  black  and  gre^iish  sluUes,  which  at  Giaad- 
Manil,  in  the  TalleT  of  the  Ornean,  have  yielded  upwards  of  50  speoies  of 
fossils,  including  CkUymene  inoerta^  Trinudeus  setihrmisy  lUmius  Bow- 
manniy  BeUerophon  huobatusy  Strophomena  rhomboid<ui$yOrthis  testudinaricL, 
0,  vespertUio,  0.  oalligramma,  0.  Aotoniie,  Qraptoiithus  priodon,  Climaco-^ 

,    graptus  scalaris. 

8<SiisU    " 


isUs  higanis  d^Oisqiterq;  variegated  flagstones  and  shales,  sometimes 

black  and  graphitic. 
SehUtes  aimanUf^es  de  Tubize ;  ^een,  sometimes  bluish  and  blackish  rocks, 

comprising  shales  with  magnetite  and  pyrite,  and  shales  passing  into  slate 

and  into  quartzite. 
QuarizUes  d»  Blammont ;  whitish  and  greenish  quartzites  becoming  pink  by 

weathering.* 


The  Silurian  rocks  of  Belgium  comprise  several  contemporaneously 
erupted  masses  of  porphyiite  and  of  diabase,  as  well  as  beds  of  porphyroid, 
arkose,  and  eurite. 

Silurian  rocks  have  been  detected  in  many  parts  of  the  old  Paheozoio 

»  8ysU  Saur.  iL  suppt.  p.  266. 1877. 

*  Op,  oil.  i.  suppt.  "  TrUobites,*'  1871. 


^    ,*  ^oewlet,  "  Esquisse  G^ologiquo  du  Nord  de  la  France,"  p.  34.    Mourlon,  «  Q4ol 
de  la  Belgique,"  p.  40.    Halaise,  "  M^m.  Oouronn.  Acad.  Boy.  Belgique,'*  1878. 
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ridge  of  the  north-west  of  France.     Aooording  to  recent  researchcB,^  the 
order  of  succession  in  Brittany  (Ille-et-Yilaine)  is  as  under : 

White  limestone  of  Erbray  (Calymene  Blumenbachiii  Harpee  venuloam), 

Ampelitic  or  carbonaceous  limestone  of  Briasse. 

Sandy  and  femiglnons  nodules  of  Martign^Ferchaud,  Thourie,  &o.  (fiardiola 
inUrrupUiy  Monograptw  (Oraptolithus)  priodon). 

Carbonaceous  (amp€litio)  shales  of  Polign^  and  phthanites  of  Anjou  (MoiKh- 
qrapttM  (Graptolithu$)  cohnus). 

Slates  of  Biadan  {Trinuelms). 

Sandstones  (May,  Thourie,  Has  Pont,  Saint-Germain  de  la  Bouexi^ie,  &o.)*  con- 
taining Trinudmis  Ooldfu$9i,  Calymene  Bayani,  Otikis  reduz,  O.  budtei- 
gheMis,  O.mdvintUti,  G.  valpyana,  0,  Berihoiiy  Nudeoapira  Vicaryi,  Lingula 
morierei,FBeudarca  typa^  Diplograpm$  BayUi;  probably  equivalent  to  the 
British  Caradoc  group. 

Slates  of  La  Gouy^  (OrthU  Berthosi), 

Nodular  shales  of  Guiohen,  &c.  (Calymene  Trittaniy  Placoparia  Toumemiuei^ 
Acidaspis  Buchi{), 

Slates  of  Anf;er8  (flgygia  Deifnaresti). 

Shales  of  Laill^  and  Sion  (Placoparia  Zippeij  HyoUtheB  einelwi). 

Armorican  sandstone  (Gr^  Armorioain),  possibly  the  base  of  the  Lower  Silurian 
(lowest  Llandeilo  or  Arenig)  or  seoona  fauna  of  Barrande  (Asaphus  armari- 
canusy  Lingula  Lesueuri,  £.  Ravskei^  L.  SaUeri,  DinobcHtu  Brimonti,  Lyro- 
deema  armorieanay  annelides). 

Bed  shales  and  conglomerates  without  fossils. 

In  Germany  Silurian  rocks  appear  in  a  few  detached  areas,  but 
present  a  great  contrast  to  those  of  Bohemia  in  their  comparatively 
unfossiliferous  character,  and  the  absence  of  any  one  continuous  suc- 
cession of  the  whole  Silurian  system.  They  occur  in  the  Thuringer 
Wald,  where  a  series  of  fucoidal-schists  (perhaps  Cambrian)  passes  up 
into  dates,  greywackes,  &c.,  with  Lingula,  Discina,  Calymene,  numerous 
graptolites,  and  other  fossils.  These  strata  (from  1600  to  2000  feet 
thick)  may  represent  the  Lower  Silurian  groups.  They  are  covered  by 
some  graptolitic  alum-slates  {l/Lonograptua,  Biphgraptus),  shales,  flinty 
slates,  and  limestones  {Favositei  gothlandiea,  Cardiola  interrupta,  Tentaculites 
acuariui,  &c.),  which  no  doubt  represent  lie  Upper  Silurian  groups,  and 
pass  into  the  base  of  the  Devonian  system.^  Among  the  Harz  Mountains 
certain  grevwackes  and  shales  containing  land-plants  (lycopods,  &c.), 
trilobites  (palmanUei,  &c.),  graptolites,  &c.,  are  regarded  as  of  inter- 
mediate age  between  true  Upper  Silurian  and  Lower  Devonian  rocks.^ 
In  the  western  half  of  the  Spanish  peninsula  Silurian  rocks  are  found 
flanking  the  older  schists  and  crystalline  masses,  and  spreading  over  a 
vast  area  of  the  table-land.  They  appear  to  belong  chiefly  if  not  wholly 
to  the  lower  division  of  the  system,  and  they  include  representatives  of 
Barrande*s  primordial  zone,  containing  19  species  of  organisms  of  which 
nine  are  primordial  trilobites. 

Amone  the  Alps  the  band  of  ancient  sedimentary  rocks  which, 
flanking  Uie  crystalline  masses  of  the  central  chain,  has  been  termed  tiiie 
"greywacke  zone,"  has  in  recent  years  been  ascertained  to  contain 
representatives  of  the  Silurian,  Devonian,  Carboniferous,  and  Permian 
systems.  In  the  eastern  Alps  a  belt  of  clay-slate  and  greywacke,  with 
limestone,  dolomite,  magnesite,  ankerite,  andsiderite  runs  from  Kitzblihel 

'  De  Tromelin  et  Lebesconte,  BuXL  Soo.  QioL  Franee,  1876,  p.  585.  Amoo.  Franf 
1875.  Btdl.  8oe,  Linn,  Normandie,  1877,  p.  5.  See  also  Dalimier,  **  Stratigraphie  des 
Terrains  primaires  dans  la  presqu'ile  de  Gotentin,**  Paris,  1861 ;  Bull,  8oc.  Qioh  France, 
1862,  p.  907 ;  De  Lapwirent,  BuU.  8oe,  OM.  France,  1877,  p.  569. 

*  Biohter,  Zettseh.  Beuttch.  Geol  Oe$elL  zzi  p.  359 ;  xxvii.  p.  261. 

»  Lessen,  op,  eit,  xx.  p.  216 ;  xxL  p.  284 ;  xxix.  61?.  2   Y   2 
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in  the  Tyrol  as  far  as  the  south  end  of  the  Yienna  basin.  A  few  ortluK 
cei-atites,  braohiopods,  and  other  fossils  found  in  this  belt  are  regarded 
as  Upper  Silurian  forms.  Remains  of  comls,  crinoids,  and  brachiopods 
have  been  met  with  even  deep  beneath  the  limit  formerly  drawn  betweoi 
the  Paladozoio  and  Archadan  rocks  of  the  Alps,  so  that  there  is  now 
reason  to  believe  that  a  considerable  part  of  the  crystalline  sohists  may 
be  altered  Palaeozoic  rocks.  Silurian  rocks  containing  graptolitee  haTe 
also  been  met  with  among  the  southern  slopes  of  the  Alps  in  Carintliia.^ 
North  America.^— In  the  United  States  and  Canada  Silurian 
rocks  spread  continuously  over  a  vast  territory,  from  the  nioath  of 
the  St.  Lawrence  south-westwards  into  Alabama  and  westwards  bj  the 
great  lakes.  They  almost  encircle  and  certainly  underlie  all  the  later 
Palaeozoic  deposits  of  the  great  interior  basin.  The  rocks  are  most  typically 
developed  in  the  State  of  New  York,  where  they  have  been  arranged  as  in 
the  subjoined  table :  2?.  Upper  saurian, 

(4)  Upper  Pentamems  limeetone  (Pentamerw  p$eudo' 

galeattu) 

(3)  Delthyris  limestooe  ^Mim$UiUa  ImvU), 

(2)  Lower  Pentamems  limestone  (^PerUamertu  gdlealtui) 

(1)  Water-lime  (TerUticuliteSj  Eurypterm^  and  Ptery- 

,    gotus) 

Onondago  salt  group,  consisting  of  red  and  grey  marls, 

sandstones  and  gypsom,  with  large  impregnation  of 
common  salt,  but  nearly  barren  of  fossils 

(3)  Niagara  shale  and  limestone  (HaZyst^,  FawmUi^' 
Cdlvmene  Blumenbachii,  HomalonotuB  de(p)U'nooo- 
phaiuSf  Leptxna  trantvwwliBy  &c) 

(2)  Clinton  group  {Pentamerm  cbUmguBy  Atrjfpd 
reticulariitko.) 

(1)  Medina  group  with  Oneida  conglomerate  {Modto- 
,    lop$U  orthimota) 

A,  Lower  SOuriatu 
(8)  Cincinnati  (Hudson  BiTcr)  group  (SpringoportM^  HtUfeUm, 
Diplograptu8pri9ti9,  Pterinea  dem^fo,  L^mna  eerieea}, 

(2)  Utica  group--Utioa  shale. 

(OraptoUthne      ampIexJomO^ 

IrinueUtu  eomoeniricm*^ 
Orthii  iethidinaHa,  Mufd^ 
tania,  ConulanOy  OrfkoeeriMM, 


III.  Lower 
Helderberg< 
Formation. 


II.    Salina 
Formation. 


L    Niagara 
Formation.' 


Ludlow. 


Weokok. 

EST 

dorery. 


IL     Trenton 
Formation.' 


(1) 


Trenton 
group/ 


Cwiooenu,  Ao, 


Trenton  limestone. 
Black  Biyer  lime-^ 

stone. 
Birdseye  limestone. 

(3)  Chazv  group^Chazy  limestone  (Madwrea  magna^  M,  Logcmi^ 

OrthoeeroB,  lUmnui,  A9aphu$), 
(2)  Quebec  group  (upwards  of  100  npecies  of  trilobites  of  gsiMni 
Canadian  Aano$tu$,  Ampifz,  Amphion,  Cohoeoryphe,  DiMocepkaUtt, 

Formation.'  ,.v  ^^r^"*»  A»aphu$,  Ac,  more  than  60  spedes  of  grsptoUtes). 
(1)  Calciferons  group  (graptolites,  LinguteOa  aeumimata^  Lt^ 
trnnoy  Conooardium,  OphUeta  oon^acto,  OrUkoe&rae  pritmi 
genium,  14  species  of  trilobitas  of  the  genera  Amfiviom, 
Bathyturui^  Aiaphtu,  Conoeoryphe), 
Potsdam  formation,  representing  Cambrian  (see  oji/c, 
p.  660). 

>  Von  Hauer,  ••  Geologie,  *  p.  216.  Stache,  Jahrh.  OeoL  BeiehmndaJt  xxiii  p.  175  • 
sxiv.  136.  The  latter  memoir  contains  a  detailed  description  of  the  greywaoke  socms  of 
the  eastern  Alps,  which,  the  author  divides  into  Hje  pretiiassio  groups:  1.  QuartiDhTllite 
group;  2.  KalkphyUite  group;  3.  Kalkthonphyllite  group;  4.  Group  of  STudv 
grey waokes  (SUurian  and  Deronian) ;  5.  Group  of  the  Upper  Coal  and  Permian  iwlu. 

See  especially  the  Memoir$  of  the  Oeohgieal  Survey  of  Oifiatla  and  the  numeRMs 
monographs  of  Prof.  James  Hall,  of  Albany/  ««  ""  numeixms 
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It  is  interesting  to  observe  the  number  of  genera  and  even  of  speoiee 
common  to  the  Silurian  rocks  of  America  and  Europe,  and  the  close 
parallelism  in  their  order  of  appearance.  Not  a  few  of  the  widely 
diffused  forms  occur  in  Arctic  America,  so  that  a  former  migration 
along  shallow  northern  waters  between  the  two  continents  is  rendered 
highly  probable.  Amon^  these  common  species  the  following  may  be 
enumerated  as  occurring  m  the  Upper  Silurian  rocks  of  New  York,  the 
coasts  of  Barrow  Straits  within  the  Arctic  Circle,  Britain,  and  the  Baltic 
basin : — Stromakypora  concenirica,  Halysitea  catenularia,  Favosites  gothlandica^ 
Orthu  degafUula^  Atrtfpa  reticularis.  The  graptolites  appear  to  have 
reached  their  full  development  and  to  have  waned  at  corresponding 
stages  of  the  Silurian  period  on  each  side  of  the  Atlantic.  Among  the 
Crustacea  trilobites  were  the  dominant  order,  represented  in  each  region 
by  a  similar  succession  of  genera,  and  even  to  some  extent  of  species, 
^d  as  these  earlier  forms  of  articulates  waned  there  appeared  among 
them  about  the  same  epoch  in  the  geological  series  the  eurypterids  of  the 
Water  Lime  of  New  York  and  of  the  Ludlow  rocks  of  Shropshire  and 
Lanarkshire. 

Asia^  Sco, — Silurian  rocks  have  been  reoognized  over  a  large  part  of 
the  surface  of  the  globe.  They  have  been  found,  for  example,  running 
through  the  Cordilleras  of  South  America  on  the  one  hand,  and  among 
the  older  rocks  of  the  Himalaya  chain  on  the  other.  The  Salt  Bange  of 
the  Funjaub  contains  thick  masses  of  bright  red  marl  with  beds  of  rock- 
salt  and  gypsum,  over  which  lie  purple  sandstones  and  shales  containing 
traces  of  ihicoids  and  annelids  and  a  small  brachiopod  resembling  Obolus. 
These  saliferous  rocks  are  probably  at  least  as  old  as  the  Silurian  period, 
if  not  older.  In  the  regions  of  the  Northern  Funjaub  and  Eashmere 
traces  of  Silurian  organic  remains  have  been  discovered ;  while  in  the 
north  of  Eumaun  these  fossils  have  been  found  in  considerable  quantities. 

In  Australia  the  existence  of  the  Silurian  system  has  been  proved  by 
the  discovery  of  a  considerable  number  of  characteristic  fossils,  among 
which  are  numerous  graptolites  of  the  genera  Climacograptiu,  CcBno- 
graptusy  Dichograpias,  Dicranograptua,  Didymograptus,  Diphgraptus^  Mono- 
grapluSy  Loganograpius,  Phyllograptus,  BeiioliteSf  and  TetragraptuSf  which 
occur  in  the  Lower  Silurian  series  of  Victoria ;  also  many  Upper  Silurian 
fossils  from  New  South  Wales,  including  such  world-wide  species  as 
Favo$iies  gothlandica,  Heliolites  interstindua,  Calymene  Blumenbachii,  Encri- 
nurua  puncUUm,  ErUomia  tuberoac^  Phacapa  cmidaiua,  Atrypa  reiicularia, 
Leptaena  aericea^  Pentamerua  Kmghtii,  P,  {Mongua,  Ehynchondla  WSaoni, 
Orthonota  amygdaiina^  Orthoceraa  hdlcUum. 

Section  III. — ^Devonian  and  Old  Red  Sandstone. 

In  Wales  and  the  adjoining  counties  of  England,  where  the 
typical  development  of  the  Silurian  system  was  worked  out  by 
Murchisony  the  abundant  Silurian  marine  fauna  comes  to  an  abrupt 
close  at  the  base  of  the  red  rocks  that  overlie  the  Ludlow  group. 
From  that  horizon  upwards  in  the  geological  series  we  have  to  pass 
through  some  10,000  feet  or  more  of  barren  red  sandstones  and 
marls,  until  we  again  encounter  a  copious  marine  fauna  in  the 
Carboniferous  Limestone.  It  is  evident  that  between  the  dis- 
appearance of  the  Silurian  and  the  arrival  of  the  Carboniferous 
fauna  very  great  geographical  changes  occurred  over  the  site  of 
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Wales  and  the  west  of  England.  For  a  prolonged  period  the  se* 
must  hare  been  excluded,  or  at  least  must  nave  been  rendered  unfit 
for  the  existence  and  deyelopmont  of  marine  life,  o?er  the  arem  in 
question.  The  striking  contrast  in  general  facies  between  the 
organisms  in  the  Silurian  and  those  in  the  Carboniferous  system 
proves  how  lon^  the  interval  between  them  must  have  been. 

The  geological  records  of  this  interval  are  still  only  partially 
unravell^  and  interpreted.  At  present  the  general  belief  amcmg 
geologists  is  that,  while  in  the  west  and  north-west  of  Europe  the 
Silurian  sea-bed  was  upraised  into  land  in  such  a  way  as  to  enclose 
large  inland  basins,  in  the  centre  and  south-west  the  geoouphioal 
changes  did  not  suffice  to  exclude  the  sea,  which  continued  to  oot^ 
that  region  more  or  less  completely.  In  the  isolated  basins  of  the 
north-west  a  peculiar  type  of  deposits  termed  the  Old  Bed  Sandstone 
is  believed  to  have  accumulated,  while  in  the  shallow  seas  to  the 
south  and  east  a  series  of  marine  sediments  and  limestones  was 
formed  to  which  the  name  of  Devonian  has  been  given.  It  is  thus 
supposed  that  the  Old  Bed  Sandstone  and  Devonian  rocks  represent 
dinerent  geographical  areas,  with  different  phases  of  sedimentation 
and  of  life,  during  the  long  lapse  of  time  between  the  Silurian  and 
Carboniferous  periods. 

That  the  Old  Bed  Sandstone,  at  least,  does  represent  this  prolonged 
interval  can  be  demonstrated  by  innumerable  sections  in  Britain, 
where  its  lowest  strata  are  found  graduating  downward  into  the  top 
of  the  Ludlow  group,  and  its  highest  beds  are  seen  to  pass  np  into 
the  base  of  the  Carboniferous  system.  But  the  evidence  is  not 
everywhere  so  clear  in  regard  to  the  true  position  of  the  Devonian 
rocks.  That  these  rocks  lie  between  Silurian  and  Carboniferous 
formations  was  long  ago  shown  by  Lonsdale  to  be  proved  by  their 
fossils.  But  it  is  a  curious  fact  that  where  the  Lower  Devonian 
beds  are  best  developed  the  Upper  Silurian  formations  are  scarcely 
to  be  recognized,  or,  if  they  occur,  can  hardly  be  separated  from  the 
so-called  Devonian  rocks.  It  is  therefore  quite  possible  that  the 
lower  portions  of  what  has  been  termed  the  Devonian  series  may  in 
certain  regions  to  some  extent  represent  what  are  elsewhere  re- 
cognized as  undoubted  Ludlow  or  even  perhaps  Wenlock  rocb. 
We  cannot  suppose  that  the  rich  Silurian  fauna  died  out  abruptly  at 
the  close  of  the  Ludlow  epoch.  We  should  be  prepared  for  the 
discovery  of  Silurian  rocks  younger  than  the  latest  of  those  in 
Britain,  such  as  M.  Barrande  has  shown  to  exist  in  his  !l^tage  H 
(p.  689).  The  rocks  termed  Lower  Devonian  may  partiy  represent 
some  of  these  later  phases  of  Silurian  life,  if  they  do  not  also  mark 
peculiar  geographical  conditions  of  a  still  older  period  in  Upper 
Silurian  time.  On  the  other  hand,  the  upper  parts  of  the  Deyonian 
system  might  in  several  respects  be  claimed  as  fairly  belonging  to 
the  Carboniferous  system  above. 

The  late  Mr.  Jukes  proposed  a  solution  of  the  Devonian  problem, 
Q  effect  of  which  would  be  to  turn  the  whole  of  the  Devonian 
5ks  into  Lower  Carboniferous,  and  to  place  them  above  the  Old 
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I  Bed  Sandstone,  which  would  thus  become  the  sole  representative  in 

t  Europe  of  the  interval  between  Silurian  and  Carboniferous  time.^ 

I  In  the  following  descriptions  an  account  will  first  be  given  of  the 

f  Devonian  type  and  then  of  the  Old  Bed  Sandstone. 

I.  DEVONIAN  TYPE. 
§  1.  General  Characters. 

EoCKS. — ^Throughout  Central  and  Western  Europe  the  Devonian 
system  presents  a  remarkable  persistence  of  petrograpnical  characters, 
indicating  probably  the  prevalence  of  the  same  kind  of  physical 
conditions  over  the  area  during  the  period  when  the  rocKs  were 
accumulated.  The  lower  division  consists  mainly  of  sandstones, 
grits,  and  grey wackes.  These  rocks  attain  a  great  development  on 
the  Rhine,  where  thev  form  the  material  through  wnich  the 
picturesque  gorges  of  the  river  have  been  eroded.  In  the  central 
zone  limestones  predominate,  some  of  them  crowded  with  the  corals 
and  molluscs  of  the  clearer  water  in  which  they  were  laid  down. 
The  upper  series  is  more  variable :  bein^  in  some  tracts  composed 
of  sandstones  and  shales,  in  others  of  shales  and  limestones,  but 
everywhere  presenting  a  more  shaly  thin-bedded  aspect  than  the 
subdivisions  oeneath  it.  Considerable  masses  of  diaoase,  tuff,  and 
other  associated  rocks  are  intercalated  in  the  Devonian  system  of 
Germany.  As  a  rule  the  rocks  have  been  subjected  to  more  or  less 
disturbance,  having  been  thrown  into  plications,  and  sometimes,  as  in 
Cornwall  and  Devon,  having  even  undergone  extensive  cleavage.  In 
some  localities  also  they  nave  been  metamorphosed  into  schists, 
quartzites,  &c.,  and  have  been  invaded  by  large  masses  of  granite  and 
other  eruptive  rocks. 

Among  the  economic  products  the  most  important  in  Earope  are 
the  ores  of  iron,  lead,  tin,  copper,  &c.,  which  occur  in  veins  or 
lenticular  masses  through  the  Devonian  rocks  (Devon  and  Cornwall, 
Harz,  &c.).  In  North  America  the  Devonian  rocks  of  Pennsylvania 
contain  bands  of  "  sand-rock  "  charged  with  petroleum. 

Life. — An  abundant  crj'ptogamic  flora  covered  the  land  during 
the  ages  that  succeeded  the  Silurian  period.  As  the  remains  of  this 
vegetation  are  chiefly  preserved  in  the  Old  Red  Sandstone  facies  of 
deposits,  it  is  described  at  p.  706.  The  fauna  of  the  Devonian 
rocks  is  unequivocally  marine.  Among  the  more  lowly  forms  of 
life  are  some  the  true  zoological  grade  of  which  has  been  the  subject 
of  much  uncertainty.  Of  these,  the  fossil  known  as  Galeeola  sanda" 
Una  (Fig.  330)  has  been  successively  described  as  a  lamellibranch,  a 

^  Bee  hiB  papers  in  Joum,  Roy,  Oeoh  8oe.  Irdand  (1S65),  i.  pt.  1,  new  ser.,  and 
Quart,  Joum,  Geo!.  Soc,  xxii.  (1S66),  and  his  pamphlet  on  Additional  Notu  on  Bocki  of 
North  Devon,  &c.,  1867.  The  "  Deyonian  question/*  as  it  has  been  called,  has  evoked  a 
large  number  of  papers,  of  which,  besides  those  quoted  in  subsequent  pages,  the  fol- 
lowing may  be  enumerated :— Prof.  Hull,  Q,  J.  GeoL  Soc.  xxxr.  (1879),  p.  699;  zxx?i. 
(1880),  p.  255.  A.  Champemowne,  Oeol.  Mag,  v.  2nd  Ser.  (1878),  p.  193;  ▼!.  (1879X 
p.  125 ;  yiii.  (1881),  p.  410.  The  general  verdict  has  been  adverse  to  the  explanation  of 
the  structure  of  Kortn  Devon  proposed  by  Mr.  Jukes. 
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hippurite,  and  a  brachiopod ;  bnt  is  now  regarded  as  a  rugose  COTal 
possessing  an  opercular  lid.  The  Pleurodtetyum  prohlemaUemm,  a 
well-known  form  of  the  Lower  Devonian  beds,  is  now  classed  witt 
the  Favositidss  among  the  perforate  corals.  Numerous  forms  of  the 
puzzling  genus  Stromatovora  occur  in  some  of  the  limestones ;  uid  the 
curious  heceptacvlUes,  already  (p.  663)  referred  to,  is  a  well-known 
Devonian  fossil.  The  corals  of  the  Devonian  seas  were  both  abundant 
in  individuals  and  varied  in  their  specific  and  generic  range.  Xot 
a  single  species  is  common  either  to  the  Silurian  system  below  or 
theCarboniferous  above.  Among  the  rugose  forms  the  genera 
Ot/cUhophvUum^  Aeervulariay  and  CysHphyUum  are  characteristic 
The  taDulate  kinds  belonged  chiefly  to  the  two  important  genera  of 
Favosites  and  AlvedUes.  Of  the  echinoderms  by  far  the  most 
abundant  representatives  are  crinoids^  which  occur  in  great  profasum 
in  the  limestones,  sometimes  forming  entire  beds  of  rocK.  They 
belong  chiefly  to  the  two  families  of  Oyaihoerinidsey  simple 
pedunculate  forms  with  Ave  branching  arms^  and  the  Cupressih 
crinidaBf  having  five  arms  which  when  folded  up  form  a  pentagonal 
pyramid  the  accurate  fitting  of  which  recalls  the  ambulacra  of  sea- 
urchins.  The  Cystideans  appear  to  have  died  out  in  the  Deyonian 
period.  True  6ta.T-6siheseX80o<xnv(neliantha8ter,A8iropecten,C^^ 

The  known  crustacean  fauna  of  the  Devonian  period  indicates  a 
striking  diminution  both  in  number  of  individuals  and  of  species  of 
trilobites  (Fig.  329).  Most  of  the  genera  so  abundant  and  character- 
istic among  the  Silurian  rocks  are  now  absent,  the  most  frequent 
Devonian  forms  being  species  of  Phaeops,  Eomalonohts^  Dalmaniies, 
and  BrorUeus.  The  ostracods  are  chiefly  represented  by  the  genus 
Entomis  (Cypridina),  which  occurs  in  enormous  numbers  in  some 
Upper  Devonian  shales  ("  Cypridinen-schiefer  ").  The  phyllopods 
ana  eurypterids  occur  chiefly  in  the  Old  Bed  Sandstone,  and  are 
noticed  on  p.  710  (Pig.  329,  d).  Altogether  45  genera  and  290 
species  of  Devonian  Crustacea  are  known. 

Among  the  roollusca  of  the  Devonian  rocks  remains  of  the 
pteropod  TetUactdites  are  not  uncommon.  The  brachiopods  now 
reached  perhaps  their  maximum  development,  whether  as  i^^ards 
individual  abundance  or  number  of  specific  and  generic  forms; 
no  fewer  than  61  genera  and  1100  species  having  been  described. 
They  compose  three-fourths  of  the  known  Devonian  £Auna.  While 
all  the  families  of  the  class  are  represented,  the  most  abundant  are 
the  Spiriferidas,  including  the  genera  Spirifera,  Oyrtia,  Athyris 
(Spiriaera),  Uneites,  and  Atrypa,  and  the  MhynchoneBidsBy  Bhyih 
chondta,  Camarophoria,  and  FetUatnertis.  The  Strophomenids  or 
Orthids,  so  abundant  in  the  Silurian  rocks,  are  now  represented  by 
a  waninfi^  number  of  forms,  including  the  genera  Orthii,  StrophomenOy 
Streptornynchvs,  and  Leptsena.  The  Productids  made  their  appear- 
ance in  Silurian  times,  but  were  more  abundant  in  the  Devonian 
seas,  where  their  most  frequent  genera  were  Chon^eft  and  Prod%idt», 
both  of  which  attained  their  maximum  development  in  the  Carbon* 
iferous  period.    One  of  the  most  characteristic  and  largest  Devonian 
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brachiopods  is  Stringoee^halm — a  genus  allied  to  Terebratula,  but 
entirely  confined  to  this  geological  system  (Fig.  330).  Another 
characteristic  terebratula-like  form  is  Benaseleria. 

The  known  Devonian  lamellibranchs  number  90  genera  and  900 
species,  belonging  chiefly  to  the  genera  Pterinea,  Cardiola,  Megdlodon, 


Fio.  329.— Deyoniak  and  Old  Bed  Sandstoxe  Cbustacea. 

d,  Kstheria  membranacea  (Jones),  nat.  size  and  magnified  (Lower  Old  Red  Sandstone)  ; 
6,  Eniomis  (Gypridina)  serratoHstriata  (Sandb.)*  nat.  size  and  magnified  (Upper 
Devonian) ;  e,  Euryptems  pygmieus  (Salt.)  (liower  Old  Bed  Sandstone) ;  d,  Ptery- 
gotoB  anglicns  (Ag.)  (Lower  Old  Bed  Sandstone);  e,  Phaoops  latifrons  (Bronn) 
(Lower  I^Yonian) ;  /,  Bronteus  flabeUifer  (€k)ldf.)  (Lower  Devonian) ;  9,  Homa- 
lonotus  armatus  (Burm.)  (Lower  Devonian). 

Orammysiay  Cwullssa,  Curtonotus,  Lucina,  and  Avieulopeeten  ;  Pte- 
Tinea  being  specially  abundant  in  the  lower,  Cuculhea  and  Curtonotus 
in  the  upper  subdivision  of  the  system.  The  most  important  genera 
of  gasteropods  are  Euomphalus,  Murchisonia,  Loxonema,  Macrocheilus, 
and  Pleurotomaria,  with  the  heteropods  Bellerophon  and  Poreellia. 
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The  cephalopods  embrace  representatiTes  of  both  the  teirabranchiite 
families  of  Nautilids  and  Ammonitids.  Among  the  Nantilids  m 
the  genera  Clymenia  ^50  species),  an  especially  abundant  form  m 
some  of  the  Upper  JDeyonian  shales  and  limestones,  Gyrocenu, 
Orthoceras  Q30  species),  Cyrtoceras  (60  species),  and  GomfhotenL 
The  great  lamily  of  the  ionmonites  had  in  the  Devonian  wates 
representatives  of  the  more  abundant  coiled  forms  in  tiie  charactH- 


Fig.  330.- 


-Devonian  Fossils. 


tt\  Stringocephalos  Bnrtini  (Def.) ;  o*.  Do.  lateral,  and  a",  Do.  internal  view ;  6,  Uncit» 
gryphns  (Def.) ;  c,  Splrifera  dimnncta  (Sow.) ;  d,  Oalceola  sandalina  (Linn.) ;  cP,  0^^ 
cular  lid  of  do. ;  e,  CncnllsBa  Uardingii  (Sow.) ;  /,  Megalodon  cucnllatns  (Sow.). 

istic  genus  OoniatiteB  (168  species),  and  of  the  straight  forms  iiJ 
Bactrites  (9  species).  In  the  Devonian  rocks  of  Central  Europe 
scanty  remains  of  the  great  fish  fauna  of  the  Old  Eed  Sandstone 
hare  been  found,  more  especially  in  the  Eifel,  but  seldom  in  such  a 
state  of  preservation  as  to  warrant  their  being  assigned  to  any 
definite  place  in  the  zoological  scale.  Becently,  E.  Beyrich  W 
described  from  Gerolstein  in  the  Eifel  an  undoubted  species  of 
Pterichthys,  which,  as  it  cannot  be  certainly  identified  with  anj 
nown    form,  he    names  P.   Bhenanm.      A   Coccoslens    has  been 
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IL^scribed  by  F.  A.  Boemer  from  the  Harz,  and  more  recently  one 
3.  as  been  cited  from  Bicken  near  Herbom  by  Von  Koenen;  but,  as 
JSeyrich  points  out,  there  may  be  some  doubt  as  to  whether  the 
la.tter  is  not  a  Pterichthys}    A  CienacanihttSy  seemingly  nndistin- 
^xdshable  from  the  C.  Bohemicus  of  Barrande's  ifetage  G,  has  also 
l>eeQ  obtained  from  the  Lower  Devonian  "Nereitenschichten"  of 
Thuringia.'      Two  sharks  {Palsedaphua  devoniemis  and  Bysmcanthus 
Go88elet€s  have  been  obtained  from  the  Belgian  and  north  of  France 
si.rea.    The  characteristic  Holoptychius  nobuissimus  has  recently  been 
detected  in  the  Psammite  de  Condroz,  which  in  Belgium  forms  a 
oliaracteristic  sandy^  portion  of  the  Upper  Devonian  rocks.     These 
€!kTe  interesting  facts,  as  helping  to  link  the  Devonian  and  Old  Bed 
Sandstone  types  together.      But   they  are  as    yet  too  few  and 
"unsupported  to  warrant  any  large  deauction  as  to  stratigraphical 
correlations  between  these  types.    The  fishes  of  the  Old  JEfed  Sand- 
stone are  noticed  on  p.  710.* 

§  2.  Local  Development. 

Britain.^ — The  name  "  Devonian  "  was  first  applied  by  Sedgwick  and 
Murohison  to  the  rocks  of  North  and  South  Devon  and  Cornwall, 
livhenoe  a  suite  of  fossils  was  obtained  which  Lonsdale  pronounced  to  be 
intermediate  in  character  between  Silurian  and  Carboniferous.  The  actual 
passage  of  these  strata  into  Silurian  rocks  cannot  be  determined  from 
any  section,  but  they  clearly  graduate  upward  into  Carboniferous  strata. 
They  have  been  arranged  into  three  divisions,  as  in  the  subjoined  table : 


Upper 


Middle. 


LfOWEB   • 


TUton  'and  Pickwell-Down  Group. — Grey  elate  with  courses  of  im- 
pare  limestone  (Pilton)  passing  down  into  yellow,  brown,  and  red 
sandstones  (Baggy  Pointy  Marwood],  and  a  series  of  hard  grey 
and  red  sandstones  and  micaceous  flagstones  at  the  base  (Pickwell- 
Down,  Dulverton,  Morte  Bay). 

Ilfraoombe  Gronp.---Grey  unfossiliferous  slates  (Morte  Hoe,  Woola- 
combe,  and  Lee  Bay)  passing  down  into  calcareous  fosriliferous 
slates  and  limestones  (Ilfiraoombe,  Combe  Martin,  Torquay,  Ply- 
mouth), resting  on  hard  green,  grey,  and  red  grits,  sandstones,  i^ 

,    conglomerates  (Hangman  HiU). 

Lynton  Group. — Soft  slates  with  thin  limestone  and  sandstone  bands 
(Lynton),  resting  on  lowest  schists  and  red  grey  micaceous  sand- 
stones (Lynton,  Lynmouth,  Foreland,  Ac).    Base  not  seen. 


The  total  thickness  of  these  rocks  is  given  by  Dr.  Hau^hton  at  9600 
feet.  Their  enclosed  fauna  numbers  about  400  species,  chiefly  found  in 
the  middle  group. 

Lower. — The  clay-slate  of  Looe,  Cornwall,  has  yielded  a  species  of 
Pteraspis,  also  Pleurodtctyum  prdblemaiicum.  The  lower  gritty  slates  and 
limestone  bands  of  North  Devon  contain,  among  other  fossils,  Fa/vosites 
cervicamis,  Cyathophyllum  helianthaides,  Petrcua  celttca^  Pleurodictyumprohle- 
iJuUicum,  Cyathocrinus  (two  species),  Homalonotus  (two  species),  Phacops 
ladniaiuSy  Fenestella  aniiquay  Atrypa  reticularis,  Orthia  arenata,  Spirifera 
canalifera,  S.  Idmcoata,  Pterinea  spinoaa,  &c. 

The  British  Lower  Devonian  rocks  appear  as  yet  to  have  supplied  no 

*  ZeiUch,  Deutsch.  Ged.  Gesdl  xxix.  751.  «  Op.  cit.  423. 

•  Sedgwick  and  Murchison,  Tran$.  Choi.  8oc.  2nd  ser.  t.  p.  633.  Xonsdale,  Proc. 
Ged.  8oe.  iii.  p.  281.  Etberidge,  Q.  J.  Geol  Soc  xxiii.  (1867),  568,  where  a  copious 
bibliography  up  to  date  will  bo  found ;  also  Op.  cit,  xxxvii.  Address,  p.  178. 
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gasteropod  nor  cephalopod  and  only  21  species  of  brachiopods.  Tnce* 
of  fish  remains  have  been  obtained  among  them  in  the  form  of  bonea  sad 
copn^tic  debris.  So  far  as  observation  has  gone,  not  a  single  Silmiu 
species  has  been  certainly  detected  in  the  Devonian  rocks  of  Britaia. 
with,  according  to  Mr.  Etheridge,  the  sole  exception  of  the  long-HTcc 
and  nniversally  diffused  Airypa  reiiadaris.  There  can  be  no  doubt,  how- 
ever, from  the  meagre  list  of  fossils  from  the  Lower  Devonian  rodu  <i 
Devon  and  Cornwall,  that  either  the  conditions  for  the  existence  cr 
those  for  the  fossilization  of  the  early  Devonian  fanna  must  have  bea 
singularly  nnfavonrable  in  the  soath-west  of  England.  It  wonld  be  nc: 
to  argae  as  to  the  extinction  of  the  Silurian  fauna  from  the  nnaatis- 
&ctory  evidence  of  these  rooks. 

Mn>DLE. — As  above  remarked,  this  is  the  great  storehouse  of  DevoakB 
fosfidls  in  the  south-west  of  England.  In  this  fauna,  as  tabulated  by  Mr. 
Etheridge,  there  are  8  protozoa,  including  5  species  of  Stromaiopon^  of 
which  S.  eoncenirica  and  8.  placenta  are  characteristic ;  24  genera  and  4= 
species  of  actinozoa,  among  which  the  corals  Acervularia  (7  speciei... 
AlveoUies  (4),  Cyathophyllum  (12),  Favontes^  Pleurodiciyum,  and  PHraia  are 
conspicuous;  6  genera  and  12  species  of  crinoids  (^HexacrinuSy  CydJ^ 
crinus,  Cupressocrinus,  &c.}  ;  a  pteropod  (Tentaculitea  annulahu) ;  5  geaen 
and  6  species  of  crustaceans,  which  are  all  trilobites  (Phaccp^  grwm- 
lahu,  P.  loHfrons,  P.  punctatus,  Bnmteus  fldbelUfer^  Ckeirunu  ariicmlaiv, 
Harpes  macroeephahui).  The  bryozoa  are  represented  by  6  geoen 
and  7  species.  The  brachiopods  are  the  most  abundant  fbnuL 
numbering  at  present  23  genera  and  80  species  out  of  a  total  Britit]: 
Devonian  list  of  26  genera  and  116  species.  Among  them  are  Aii^ru 
conceniricay  A.  lachrymal  Atrypa  reticukaris.  A,  deaquamaia,  Cromaropiaht 
rhomboideay  Oyrtina  Lemarliiy  Orthta  airiatula,  BhynchoneUa  acuwtmaia^  B. 
pugwiSy  Pentamerus  brevtroatrisy  Spirifera  Vemeuili  (d%sfuHcia}y  Sirim^ 
cephdus  Burtiniy  Uncites  gryphus,  &o.  The  lamellibranohs  are  poorij 
represented,  13  genera  only  occurring,  many  of  them  represented  bj  onlV 
one  species ;  the  most  common  genera  being  Pterineay  Aviculopedem^  and 
Megatodcn,  The  gasteropods  are  likewise  present  in  but  small  numbers 
and  variety ;  12  genera  and  36  species  have  been  enumerated.  Of  tbsM 
species,  5  (ilcrocu^  vetusUiy  Loxonema  rugiferum,  L.  tumidumy  JtftcrdUmM 
angulata,  and  M.  spinoaa)  survived  into  the  Carboniferous  period.  The 
oephalopods  are  represented  by  5  genera,  the  most  abundant  specificallj 
being  Cyrtoceraa  (12  species),  Orthocercu  ^8),  and  Ganiaittes  (12);  ooe 
species  of  Nautilus  also  occurs.  Of  the  total  list  of  fossils  a  hu^  propor^ 
tion  is  found  in  the  Middle  Devonian  rocks  of  the  continent  of  £uiopeL 

Upper. — From  the  calcareous  portions  of  the  Petherwin  and  Piltoa 
beds  of  Cornwall  and  Devon  a  considerable  number  of  fossils  has  been 
obtained.  Among  the  more  characteristic  of  these  we  find  1 1  speciee  of 
the  coiled  cephalopod  Clymenia  (C,  undulatay  C.  Immgaia,  C.  $truUa)y  % 
number  of  species  of  Oaniatiies  {O.  intumescensy  G.  muUilobatu$y  G,  rtirmw&^ 
G,  auris),  Bactrites  Schlotheimi,  the  trilobites  Phacops  granukUms  and  P. 
latifrons,  the  small  ostracod  Entcmis  (Cypridina)  serraio-striatay  the  bradiio 
pods  Spirifera  Vemeuili  or  duguncia,  strophamena  rhoniboidalisy  CkcmHe*  W- 
dreimSy  Productm  subaculeatuSy  and  the  lamellibranch  Cucuttssa  Hardimgii 
Some  traces  of  fishes,  referred  to  CoceosteuBy  have  been  recently  found. 
The  Marwood  and  Baggy  Point  beds  have  also  yielded  traces  of  land 
plants,  such  as  Knorria  dichotoma  and  PalseopUris  Hxbemica,  the  latter  fen, 
being  common  in  some  parts  of  the  Upper  Old  Red  Sandstone  of  Ireland. 
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llie  higher  red  and  yellow  sandy  portions  of  the  Upper  Devonian 
rocks  shade  up  insensibly  at  Barnstaple  in  North  Devon  into  strata 
which  by  their  fossils  are  placed  at  the  base  of  the  Carboniferous 
Limestone  series.  But  in  no  other  locality  save  these  south-western 
districts  can  such  a  passage  be  observed.  In  all  other  places  the  Car- 
boniferous system,  where  its  true  base  can  be  seen,  passes  down  into 
the  red  sandy  and  marly  strata  of  the  Upper  Old  Bed  »Bindstone  without 
marine  fossils.  Of  the  total  known  Devonian  organisms  of  Britain  32 
genera  and  51  species  pass  up  into  the  Carboniferous  system. 

Central  Europe. — A  large  tract  of  Devonian  rocks  extends  across 
the  heart  of  Europe  from  the  north  of  France  through  the  Ardennes,  the 
south  of  Belgium,  and  Ehenish  Prussia,  Westphalia  and  Nassau.  But 
that  the  same  rocks  have  a  much  wider  spread  under  younger  formations 
which  cover  them  is  shown  by  their  reappearance  far  to  the  west  in 
Brittany,^  and  to  the  east  in  the  Harz  and  tne  Thuringer  Wald.  In  the 
Belgian  and  Eifelian  tracts  they  have  been  subdivided  as  under : 


Beiginxn  and  the  North  of  France.* 
Fammenien,    ooosistiQg    of    two 
fades: 

(b)  Psammiies  da  Gondios  (Gon- 
drosien),  in  which  six  zones 
are  distingmahed  (CtteuUsea 
Hardingii,  Spirt/era  Vemeuili, 
BhytuhoneUa  Dumonti,  OrthU 
ereniitriciy  Phacops  latifr<m$, 
PalKopteris  hihemiec^  8phen<h 
pterUflacMa,  ^). 

(a)  Schistes  de  Famenne,  divi- 
sible into  four  zones,  (1)  that 
of  Spirt/era  distoiw,  (2)  of 
RhyruihoneOa  letiensis,  (3)  of 
BhynehoneUa  Dumonti,  (4)  of 
BhjfnchoneUa  Omdliusi. 

Frasnien,  vaiying  in  composition 
and  orcanic  contents  in  different 
parts  of  the  DcTonian  basins.  In 
the  Dinant  basin  it  consists  of 

(b)  Schistes  de  Matagne  {Gania- 
titei  retronuif  Cardium  pal- 
matum,  CJamarophoria  tumida, 
Baetrites  tuboonieus^  EntomU 
(Cwpridina)  Berrato-dricUa). 

(a)  Calcaires  et  schistes  de 
Frasne,  with  abundant  fossils 
{Brontem  flabdlifer^  Oaniatitet 
%ntume8een$,  Spirifera  Vw" 
neuUit  8p,  padtyrhynefui,  Sp. 

trica,  Atrypa  reticularis,  Bhyn' 
choneQa  cuboideM^  CamarO' 
nhoria  farrnosoy  ReeepiaeuUteM 
NeptutU). 


ShineUnd.* 


(e)  Sandstones  and  shales  (Spiri/era 
VemeuUi,  Produetus  subaetUeatus, 
CucuUxa  Hardingii,  Entomis 
{Cypridina)  serr<U(h$triata), 


(b)  Shales  and  marls  (Goniatites  re- 
trorsusy  O,  primordialis,  Ortho' 
ceras  tubjlexuosum,  BaetriUs 
gracilis,  Pleurolomaria  turbinea, 
Cardioia  retrostriata,  Entomii 
serraUhstriataf  Ac). 


(a)  Goboides  beds, — ^Nodular  orom- 
bling  limestone  (Eramenzelbdk), 
dolomitio  marl,  and  shaly  lime- 
stone (Spirifera  VemeuUi,  I 
Atrypa  retieularia,  Rhy 
euboides,  Produeius  tube 
Camarophoria  formosa, 
iaeulites  Neptunt). 


>  A  ridge  of  De? onian  rocks  stretches  eastward  under  the  south  of  England  (where 
its  existence  has  been  proved  by  well-borings  at  London),  and  no  doubt  joins  the 
Devonian  area  of  the  Boulonnais. 

*  See  Dewalque*8  **  Prodrome,**  Mourlon*B  ^  G^logie  de  la  Belgique,'*  and  especially 
Goeselef  s  **  Esouisse  G^lo^que." 

*  See  the  elaborate  series  of  papers  by  E.  Eayser  in  the  ZeiUehrift  DeuUeh,  Oeol 
OeseU.  vols.  xxu.  (1870)  to  xxvi.    F.  Maurer,  N,  fahrb.  1880, 1882. 
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Belgium  aixl  the  North  of  FHnce. 

[Givetien.  The  great  limestono  of 
the  middle  Devonian  series,  well 
seenatGivet  Among  the  abundant 
characteristic  fossils  are  Spirt/era 
mediotexta,  8p,  undi/era,  Btringo' 
oephaluB  Btirtini,  UnciteM  gryphuty 
Megalodon  cucuUatuSt  Murchiionia 
coronata,  M.  bUineaUi^  Cyatho- 
phyllum  qwidrigeminum,  HdioUtes 


U 


n  the  basin  of  Namnr  the  con- 
glomerate  of  Pairr-Bony  lies  below 
the  limestone,  and  contains  a  band 
of  sandstone  with  plants  (Lepido- 
dendron  €ki»pianum), 

'Eifelien,  8bales  (Schistes  de 
Gouvin),  with  Ccdceola  sanddUna, 
Phao(^  latifrom,  Spirifera  eurvata, 
8p.  subcuspidataf  op.  eUgam, 
apirigera  concentrica,  Pentamerua 
gcdeatus,  StrophciUma  produetoidet, 
&o. 

Goblenzienor  Grauwacke,  com- 
posed of  four  zones  of  greywacke, 
sandstones,  shales,  and  conglomerate 
(Poudingue  de  Bnmot,  Ahrieu, 
HimdBrUckien),with  Pleurodictyum 
prdbiematicum,  Chonetes  pUbeia, 
Strophomena  deprewa^  Strophomena 
daleidensisj  LepUena  Murchidonii, 
BhynchoneJIa  orbignyana^  Spirifera 
subeuspidataf  £^.  ctUtrijugata, 
Sp.  paradoxes  Calceola  sandalina, 
numerous  PtertHex. 

Taunusien,  consisting  of  the  Grbs 
d'Anor  (^Spirifera  paradoxa,  Sp, 
Bitchofiy  Spirigera  undata,  &c). 


EhlneUnd. ' 

(h)  StringooephaliiB  gitmp* 
ing  of  the  great  Eifel  lii,^,^^^^^,^ 
with  underlying  crinoidA]  bed* 
(Stringoeephaim  BurUm^Spirif^rm. 
undata,  Produetus  gubactUealui^ 
Pentamertu  galeaiw^  Atrypa  r«- 
ticularis,  Caloeola  sandaltna^  aad 
many  corals  and  crinoidsX 

(a)  Calceola  group, — ^marly  liiCfL- 
stones  full  of  Calceola  taiuJUdiam^ 
Spirifera  concentriea^  Camar^- 
phoria  mierorJ^fneha^  ^kc,  resta^ 
upon  impure  shaly  ferraginoQs 
limestone  and  greywacke,  »*>^>^^ 
by  an  abundance  of  Spirifera 
cuUriJugata,  BhynchoneUa  Orhi^ 
nyana,  Atrf^  reticularis^  Phactf 
latifroruy  ic. 


c)  Upper  Greywacke  (Viehte^ 
schichten),  with  Choneles  aorvw*. 
lata,  Ch,  dilatata^  ^^ynrhoimRm 
orhignyanoy  numerous  PUrin^m. 

(6)  Ahr  group, — ^greywacke  sludea 
with  Cfionetes  tarcinulata^  C 
dilatata,  BhynchoneUa  Liwouiem^ 
Spirifera  jfHiradox€i,  Sp,  tpeeioms^ 
many  species  of  Pterinea^  PUmrf^- 
tomaria^  and  Murehi^onia. 

(a)  Coblentz  group,  greywacke  and 
clay-slate  {Lepiina  latinotin^ 
Chonete$  sarcintdata,  Bhyneko- 
neOa  Livonica,  Pleurodiet^m 
problematicumy  &c.). 


Gedinniou,  comprising  an  upper 
group  of  shales  and  sandstones 
and  a  lower  group  of  foesiliferoui 
shales,  quarteo-phyllades,  quart- 
zitee,  and  conglomerates.  The 
fossils  in  the  lower  group  comprise 
Dalmanitet,  Homalonotu$  Bcemeri^ 
Primitia  Joneeii,  TeniacuHtes  gran- 
dt9y  T.  irregularis^  Spirifera  Mercuric 
Orthis  VemeuUi,  Pterinea  ovalis^ 
[    Ac. 

In  the  Harz,  according  to  the  researches  of  P.  Boemer  and  K.  A. 
Lessen,  the  Devonian  system,  which  is  there  largely  developed,  consists 
of  a  lower  group  of  quartzites,  grey wackes,  flinty  slates,  clay  sUtos,  and 
associated  bands  of  diabase,  a  middle  group  composed  of  the  chamcteristk 
Stringocephalus-limebtone  with  diabase  tuffis,  and  an  upper  groap 
consisting  of  limestones,  shales,  and  schalsteins,  with  the  usual  Spm/tm 
Femeuili  and  Entomis  serrato^riata.  Representatives  of  the  same  syatest 
reappear  with  local  petrographioal  modifications,  but  with  a  renukrkabk* 
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persistence  of  general  palaeontological  characters,  in  Eastern  Thuriii^a, 
Franconia,  Saxony,  Silesia,  the  north  of  Moravia,  and  East  Oalicia. 
Devonian  rocks  have  been  detected  among  the  crumpled  formations  of 
the  Styrian  Alps  by  means  of  the  evidence  of  abundant  corals,  clymenias, 
gasteropods,  lameUibranchs,  and  other  organic  remains.  Perhaps  in 
other  tracts  of  the  Alps,  as  well  as  in  the  Carpathian  range,  similar 
Bhales,  limestones,  and  dolomites,  though  as  yet  unfossiliferous,  but 
containing  ores  of  silver,  lead,  mercury,  zinc,  cobalt,  and  other  metals, 
may  be  referable  to  the  Devonian  system.  To  the  west  of  the  central 
area  the  system  has  been  recognized  by  its  fossils  in  the  Boulonnais, 
where  it  is  well  exposed.  In  the  FalsBozoic  ridge  of  Brittany,  also,  as 
ifras  many  years  ago  shown  by  De  Yemeuil  and  De  Gerville,  tibe  system 
is  represented  by  a  series  of  fossiliferous  strata  which  in  the  lower  part 
consist  of  sandstones,  chiefly  of  greenish  colours,  alternating  with  shales 
eikL  followed  by  courses  of  grey  or  black  limestone  and  shale,  above 
which  lies  an  upper  group  of  c^les,  crumbling  micaceous  sandstones,  and 
some  limestone.  Again  the  central  Silurian  zone  of  the  Pyrenees  is 
flanked  on  ^e  north  and  south  by  bands  of  Devonian  rocks  (with  broad- 
winged  spirifers  and  other  characteristic  fossils),  which  have  been 
greatly  disturbed  and  altered. 

Throughout  Central  Europe  there  occurs,  in  many  parts  of  the 
Devonian  areas,  evidence  of  contemporaneous  volcanic  action  in  the  form 
of  intercalated  beds  of  diabase,  diabase-tuff,  schalstein,  and  porphyroid. 
These  rocks  are  conspicuous  in  the  '*  greenstone  "  tract  of  the  Harz,  in 
Nassau,  Saxony,  Westphalia,  and  the  Fichtelgebirge.  Here  and  there 
the  tuff-bands  are  crowded  with  organic  remains.  It  is  also  deserving  of 
remark  that  over  considerable  areas  (Ardennes,  Harz,  Sudeten-Oebirge, 
&c.)  the  Devonian  sedimentary  formations  have  assumed  a  more  or  less 
schistose  character,  and  appear  as  quartzo-phyllades,  quartzites,  and  other 
more  or  less  cr^'stalline  rocks  which  were  at  one  time  supposed  to  belong 
to  the  Archaean  series,  but  in  which  recognizable  Devonian  fossils  have 
been  found.  At  numerous  places  also  they  have  been  invaded  by  masses 
of  granite,  quartz-poiphyry,  or  other  eruptive  rocks,  round  which  they 
present  the  characteristic  phenomena  of  contact  metamorphism  (p.  578). 
With  these  changes  may  have  been  connected  the  abundaut  mineral 
veins  (Devon,  ComwaU,  Westphalia,  Ac),  whence  large  quantities  of 
iron,  tin,  copper,  and  other  metals  have  been  obtained. 

Russia. — In  the  north-east  of  Europe  the  Devonian  and  Old  Bed 
Sandstone  types  appear  to  be  united,  the  limestones  and  marine 
organisms  of  the  one  being  interstratified  with  the  flsh-bearing 
sandstones  and  shales  of  the  other.  In  Bussia,  as  was  shown  in  the 
great  work  "Bussia  and  the  Ural  Mountains"  by  Murchison,  De 
Vemeuil,  and  Keyserling,  rocks  intermediate  between  the  Upper 
Silurian  and  Carboniferous  Limestone  formations  cover  an  extent  of 
surface  larger  than  the  British  Islands.  This  wide  development  arises, 
not  from  the  thickness,  but  from  the  undisturbed  horizontal  character  of 
the  strata.  Like  the  Bussian  Silurian  deposits,  they  remain  to  this  day 
nearly  as  flat  and  unaltered  as  they  were  originally  laid  down.  Judged 
by  mere  vertical  depth,  they  present  but  a  meagre  representative  of  the 
massive  Devonian  greywacke  and  limestone  of  Germany,  or  of  the  Old 
Bed  Sandstone  of  Britain.  Yet  vast  as  is  the  area  over  which  they  con- 
stitute the  surface  rock,  it  probably  forms  only  a  small  portion  of  their  total 
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extent ;  for  tbej  are  found  tamed  up  &om  nnder  the  newer  fonnatiosi 
along  the  flank  of  the  Ural  chain.  It  wonld  thus  seem  that  thej  spral 
oontinnonsly  across  the  whole  breadth  of  Bnssia  in  Europe.  Thoi^ 
almoet  everywhere  nndisturbed,  they  afford  evidence  of  some  teiieaUM 
oscillation  between  the  time  of  their  formation  and  that  of  the  Silvnc 
rocks  on  which  they  rest,  for  they  are  found  gradually  to  overlap  Upper 
and  Lower  Silurian  beds. 

The  chief  interest  of  the  Bussian  rocks  of  this  age,  as  waa  fi?^ 
signalized  by  Murchison  and  his  associates,  lies  in  the  union  of  tl» 
elsewhere  distinct  Devonian  and  Old  Bed  Sandstone  types.  In  mmt 
districts  these  rocks  consist  largely  of  limestones,  in  others  of  ni 
sandstones  and  marls.  In  the  former  they  present  molluscs  and  a^a 
marine  organisms  of  known  Devonian  spedes ;  in  the  latter  they  afod 
remains  of  fishes,  some  of  which  are  specifically  identical  with  those  of 
the  Old  Bed  Sandstone  of  Scotland.  The  distribution  of  these  two 
palteontological  fades  in  Bussia  is  traced  by  Murchison  to  the  litki> 
logical  characters  of  the  rocks,  and  consequent  original  diveiBitiei  d 
physical  conditions,  rather  than  to  differences  of  age.  Indeed,  oasei 
occur  where  in  the  same  band  of  rook  Devonian  shells  and  Old  Bed 
Sandstone  fishes  lie  commingled.  In  the  belt  of  the  formation  whid^ 
extends  southwards  from  Archangel  and  the  White  Sea,  the  strata 
consist  of  sands  and  marls,  and  contain  only  fish  remains.  Tnwei 
through  the  Baltic  provinces,  they  are  found  to  pass  into  red  and  g:refs: 
marls,  days,  thin  limestones,  and  sandstones,  ^ith  beds  of  gypsosu  Is 
some  of  the  calcareous  bands  such  fossils  occur  as  Orthis  Hriaiuia, 
Spiriferina  prisca,  Leptaena  produetaidet^  Spirifera  calcarai€ij^^trorbi9  awjifa 
hides,  and  Orthoceraa  subfuaiforme.  In  the  higher  beds  EMoptpckimg  aai 
other  well-known  fishes  of  tibe  Upper  Old  Bed  Sandstone  occur.  Followed 
still  further  to  the  south,  as  far  as  the  watershed  between  Orel  muL 
Woronesch,  the  Devonian  rocks  lose  their  red  colour  and  sandy  character, 
and  become  thin-bedded  yeUow  limestones,  and  dolomites  with  cctft 
green  and  blue  marls.  Traces  of  salt  depodts  are  indicated  by  occa* 
donal  saline  springs.  It  is  evident  that  the  geographical  oonditicai 
of  the  Busdan  area  during  the  Devonian  period  must  have  <jom1t 
resembled  those  of  the  Bhme  basin  and  central  England  during  tk% 
Triassic  period. 

The  Bussian  Devonian  rocks  have  been  classified  as  foUows : 

rBed  and  white  sandstone  and  green  marl8,~nnmeroii8  fish  renuuiM. 
Upfeb   .  •     particularly  Holoptychiui  natUimmuSy  Olyptodeus  ftwrnu^  IH^ 

,    topiertu  maerocephahu, 

rlimestones,  clays,  marls,  dolomite,  and  gjpsmn, — ^numerous  ebft- 
MmDLE.«     raoteristic    Devonian    shells    and    crinoids,    also    Hotopiytikima 

,    ncbilitiimuB. 

In  some  districts  red  and  green  limestone*  with  red  marls  umI 

Middle  Devonian  fossils;    in  others  (North  Livonia)  sandstone* 

LowEB  .•     and  clays,  with  numerous  fish  remains  of  the  genera  OtUt^tpn, 

Diplerw,  JHplopttm*^  Atierolepi$,  and  oth^t  found  also  in  Ih* 

,    Caithness  flags  of  Scotland. 

There  is  an  unquestionable  passage  of  the  uppermost  Devonian  rocb 
of  Bussia  into  the  base  of  the  Carboniferous  system. 

North  America. — The  Devonian  system,  as  developed  in  tL« 
northern  States,  and  eastern  Canada  and  Nova  Scotia,  presents  muck 
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feologioal  interest  in  the  union  whioh  it  contains  of  the  same  two 
istinct  petrographical  and  biological  types  found  in  Europe.  Traced 
along  the  Alleghany  chain  through  Pennsylvania  into  New  York,  the 
Devonian  rocks  are  found  to  contain  a  characteristic  suite  of  marine 
organisms  comparable  with  those  of  the  Devonian  system  of  Europe. 
But  on  the  eastern  side  of  the  great  range  of  Silurian  hills  in  the  north- 
eastern States,  we  encounter  in  New  Brunswick  and  Nova  Scotia  a 
succession  of  red  and  yellow  sandstones,  limestones,  and  shales  nearly 
devoid  of  marine  organisms,  yet  full  of  land-plants,  and  with  occasional 
traces  of  fish  remains. 

The  marine  or  Devonian  type  has  been  grouped  in  the  following 
subdivisions  by  the  geologists  of  New  York : 

OatskUl  Bed  Sandstone. 

Chemung  group. 

Portage  group. 
'  G^eeee  group. 

Hamilton  group. 

,Maroellu8  group. 

Comiferons  or  tipper  Helderbeig  group. 
.  ^Schoharie  Grit. 
iOauda-gaUi  Grit. 

In  the  Lower  Devonian  series  traces  of  terrestrial  plants  (PsUophytan, 
Caulopterisj  &o,^  have  been  detected,  even  as  far  west  as  Ohio.  Corals 
(cyathophylloid  forms,  with  Favasites^  Syringapara,  &c.)  abound,  especially 
in  the  Comiferous  Limestone,  perhaps  the  most  remarkable  mass  of  coral- 
rock  in  the  American  Palasozoic  series,  and  from  which  Hall  has  made  a 
magnificent  collection  of  specimens.  Among  the  brachiopods  are  species 
of  iPerUamerw^  Stricklandinia^  ShynchoneUa^  and  others,  with  the  charac- 
teristic European  form  Spirifera  cuUrijugata,  and  the  world-wide  Atryjpa 
reHadaris.  The  trilobit^  include  the  genera  Dcdmanites,  Proehu,  and 
PJuicops.  The  earliest  known  traces  of  American  fishes  occur  in  the 
Comiferous  group.  They  consist  of  ichthyodorulites,  and  teeth  of 
cestraciont  and  hvbodont  placoids,  and  plates,  bones,  and  teeth  of  some 
peculiar  ganoids  (McicrcmeUilichihys^  Onyehodua). 

In  the  Hamilton  formation  (embracing  the  Marcellus  shale,  the 
Hamilton  beds,  and  the  Genesee  shale)  remains  of  land-plants  occur,  but 
much  less  abundantly  than  among  the  rocks  of  New  Brunswick. 
Brachiopods  are  especially  abundant  among  the  sandy  beds  in  the  centre 
of  the  formation.  They  comprise,  as  in  Europe,  many  broad-vnnged 
spirifers  (5.  mucronatw^  &c.),  with  species  of  Produchu,  CkoneteSy  Aihyri$^ 
&o.  The  earliest  American  goniatites  have  been  noticed  in  these  l^ds. 
Newberry  has  described  a  gigantic  fish  (DinicMhys)  from  the  Black  Shale 
of  Ohio. 

The  Portage  and  Chemung  groups  have  yielded  land-plants  and 
fuooids,  also  some  crinoids,  numerous  broad-winged  spinfers,  with 
AvicuUe^  and  a  few  other  lamellibranchs.  These  strata  in  the  New  York 
region  consist  of  shales  and  laminated  sandstones,  which  attain  a 
maximum  thickness  there  of  upwards  of  2000  feet,  but  die  out  entirely 
towards  the  interior.  They  are  covered  by  a  mass  of  red  sandstones  and 
conglomerates — the  Catskill  group,  which  is  2000  or  3000  feet  deep  in  the 
Oatskill  Mountains,  and  thickens  along  the  Appalachian  region  to  5000  or 
6000  feet.  Those  red  arenaceous  rocl^  bear  a  striking  similarity  in  their 
lithological  and  biological  characters  to  the  Old  Bed  Sandstone  of  Europe. 
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As  a  whole  they  mie  imfoffiiliferoas,  hot  thej  huTe  jidded  aooie  iexm 
like  thoee  of  the  Upper  Old  Bed  SudstiHie  of  Irdand  and  Sootlaad 
(PalmopierU)^  some  characteristic  geneca  of  fitfh,  as  Hoiopit^thmm  aai 
BoOtrioUpU,  and  a  large  lainellibraDch  doeely  resembling  the  Iridk 
Aaodomia,  The  Old  Bed  Sandstone  devdopment,  found  oa  the  riMtui 
side  of  the  crystalline  ridge  which  runs  soathward  from  ^^^^^^^1^  f^^  jbIb 
the  States,  is  described  at  p.  718. 


IL  OLD  BED  8AND6TOKE  TYPE. 
§  1*    General    Characters. 
Under  the  name  of  Old  Bed  Sandstone  is  comprised  a  Tast  and 


still  imperfectly  described  series  of  red  sandstones,  shales,  and 
iz^lomerates,  intermediate  in  age  between  the  Ludlow  rocks  of  the 
Upper  Silurian  and    the    base    of  the  Carboniferous   system   is 
Britain.    These   rocks  were  termed  ^Old'*  to  distinguish   then 
from  a  somewhat  similar  series  OTerlying  the  Coal-measaras,  ta 
which  the  name  ^New'*  Bed  Sandstone  was  applied*    When  the 
term  Devonian  was  adopted,  it  speedily  supplanted  that  of  Old  Bed 
Sandstone,  inasmuch  as  it  was  founded  on  a  type  of  marine  strata  of 
wide  geographical  extent,  whereas  the  latter  term  described  what 
appeared  to  be  merely  a  British  and  local  deyelopment.     For  the 
reasons  already  given,  howeyer,  it  is  desirable  to  retain  the  title  Old 
Bed  Sandstone  as  descriptiye  of  a  remarkable  suite  of  deposits  to 
which  there  is  little  or  nothing  analogous  in  typical  Deyonian  rocks. 
The  Old  Bed  Sandstone  of  Europe  is  almost  entirely  confined  to  the 
British  Isles.    It  was  deposited  m  separate  areas  or  basins,  the  sites 
of  some  of  which  can  still  be  traced.     Their  diversities  of  sedimetit 
and  discrepance  of  organic  contents  point  to  the  absence,  or  at  Ie«st 
rare  existence,  of  any  direct  communication  between  them.     It  was 
maintained  many  years  ago  by  Mr.  Godwin  Austen,  and  has  been 
more  recently  enforced  by  Sir  A.  C.  Bamsay,  that  these  basins  weie 
lakes  or  inland  seas.     The  character  of  the  strata,  the  absence  of 
unequivocally  marine  fossils,  the  presence  of  land  plants  and   of 
numerous  ganoid  fishes  which  have  their  modem  representatives  im 
rivers  and  Takes,  suggest  and  support  this  opinion,  which  has  been 
^enerall^  adopted  by  geologists.     The  red  arenaceous  and  mariy 
beds  which,  with  their  fish  remains  and  land  plants,  occupy  a  depth 
of  many  thousand  feet  between  the  top  of  the  Upper  Sunrian  and 
the  base  of  the  Lower  Carboniferous  systems,  are  regarded  as  the 
deposits  of  a  series  of  lakes  or  inland  seas  formed  by  the  uprise  of 
portions  of  the  Silurian  sea-floor.    The  length  of  time  during  which 
these  lacustrine  basins  must  have  existed  is  shown,  not  only  by  the 
thickness  of  the  deposits  formed  in  them,  but  by  the  complete 
chan^  which  took  place  in  the  marine  fauna  between  the  dose  of  the 
Silurian  and  the  commencement  of  the  Carboniferous  period.     His 
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{prolific  fauna  of  the  Wenlock  and  Ludlow  rocks  was  driven  away 
rom  Western  Europe  by  the  geographical  reyolutions  which,  among 
other  chaugesy  produced  the  lake-basins  of  the  Old  Bed  Sandstone. 
When  a  marine  population-— crinoids,  corals,  and  shells— once  more 
overspread  that  area,  it  was  a  completely  different  one.  So  thorough 
a  change  must  have  demanded  a  long  interval  of  time. 

Rocks. — Ab  shown  by  the  name  of  the  type,  red  sandstone  is  the 
predominant  rock.  The  colour  varies  from  a  light  brick-red  to  a 
deep  chocolate-brown,  and  occasionally  passes  into  green,  yellow,  or 
mottled  tints.  The  sandstones  are  for  the  most  part  granular 
siliceous  rocks,  where  the  component  grains  of  clear  (]^uartz  are  coated 
and  held  together  by  a  crust  of  ^^hy  ferric  oxide.  Scattered 
pebbles  of  quartz  or  of  various  crystalline  rocks  are  frequently 
noticeable  among  the  sandstones,  and  this  character  affords  a  passage 
into  conglomerate.  The  latter  rock  forms  a  conspicuous  feature  m 
many  Old  Bed  Sandstone  districts.  It  varies  in  thickness  from  a 
mere  thin  bed  up  to  successive  massive  beds,  having  a  united  thick- 
ness of  several  thousand  feet.  The  pebbles  vary  much  in  com- 
position. In  some  beds  they  are  chiefly  of  quartz,  in  others  of 
granite,  syenite,  quartz-porphyry,  gneiss,  grey wacke,  or  other  crystal- 
line or  compact  rocks.  They  are  sometimes  tolerably  angular, 
particularly  where  the  conglomerate  rests  upon  schists  or  other  rocks 
which  weather  into  angular  blocks.  In  the  upper  Old  Bed  Sand- 
stone, thick  accumulations  of  subangular  conglomerate  or  breccia 
recall  some  glacial  deposits  of  modern  times.  For  the  most  part 
the  stones  in  the  conglomerates  are  well  rounded,  sometimes  indeed 
remarkably  so,  even  when  they  are  a  foot  or  more  in  diameter. 
Their  size  ranges  up  to  blocks  five  feet  or  more  in  length  ;  but  these 
larger  masses  are  usuallv  angular  fragments  that  have  been  derived 
from  rocks  in  the  immeoiate  neighbourhood.  The  smaller  rounded 
blocks  must  often  have  come  from  some  distance ;  at  least  it  is  impos- 
sible to  discover  any  near  source  for  them.  Bauds  of  red  and  green 
clay  or  marlite  occur,  in  which  seams  and  nodules  of  cornstone  may 
not  infrequently  be  observed.  Here  and  there,  too,  the  sandstones 
assume  a  flaggy  character,  and  sometimes  pass  into  fine  grey  or  olive- 
coloured  shales  and  flagstones.  Organic  remains  occur  in  some  of 
these  grey  beds,  but  are  usually  absent  from  the  red  strata,  though 
in  some  of  the  conglomerates  teeth,  scales,  and  broken  bones  of  fishes 
are  not  uncommon.  In  the  north  of  Scotland  peculiar  very  hard 
calcai-eous  and  bituminous  flagstones  are  largely  developed,  and  have 
yielded  the  chief  part  of  the  remarkable  ichthyic  fauna  of  the 
system.  In  Scotland,  also,  contemporaneously  erupted  porphyrites, 
felsites,  and  tuffs  play  an  important  part  in  the  petrography  of  the 
Old  Bed  Sandstone,  seeing  that  they  attain  a  thickness  m  some  places 
of  more  than  6000  feet,  and  form  important  ranges  of  hills. 

Life. — No  greater  contrast  is  to  be  found  between  the  organic 
contents  of  any  two  successive  groups  of  rock  than  that  which  is 
presented  by  a  comparison  of  the  upper  Silurian  and  Old  Bed  Sand- 
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stone  systems  of  Western  Europe.  The  abondant  marine  ianna  of 
the  Ludlow  period  entirely  disappeared  from  the  region.  As  soon  as 
the  red  rocks  begin,  the  fossils  rapidly  die  out.  Yet  that  the  Ui^>er 
Silurian  fauna  continued  to  liye  on  outside  of  the  Old  Bed  Sandftone 
areas  is  proved  by  the  occurrence  of  Silurian  species  of  OrthocenUj 
Orapiolite,  &c.,  in  a  zone  of  the  Scottish  Old  Bed  Sandstone  5000  feet 
aboye  the  bottom  of  the  system.  On  the  land  that  surrounded  the 
lakes  or  inland  seas  of  the  period,  there  grew  the  oldest  terrestrial 
Y^etation  of  which  more  than  mere  fragments  are  known.  It  has 
been  scantily  preserved  in  the  ancient  lake-bottoms  in  Europe; 
more  abundantly  in  Gs8p6  and  New  Brunswick.  The  American 
localities  have  yielded  to  the  researches  of  Principal  Dawaon  of 


Fig.  831.--P8ILOPHYTON  eobustum  (Dawson).    Loweb  Old  Red  SA2n)eroHi»  Pms- 

8HIBE.    Drawn  by  Mb.  B.  KmsroN. 

a,  speoimen  of  the  plfoit  i  nat  size ;  6,  fraotifioation ;  e,  empty  ipoie-eaBes. 

Montreal  no  fewer  than  118  species  of  land-plants.  They  are 
almost  all  acrogens,  lycopods  and  ferns  being  largely  predominant. 
AmoD^  the  distinctive  K)rm8  the  following  may  be  mentioned: — 
Psilopnyton  (Fig.  331),  Arthrostiffttia,  LeptopMeum,  and  ProMcucitei. 
Forty-nine  ferns  include  the  genei-a  PaUeopteris  {Cydopter%$\ 
Neuropteris,  Sphenopteris,  and  some  tree-ferns  (PsaroniuBy  Caulo- 
pteris),  Lepidodendroid  and  sigillaroid  plants  aDound,  as  well  as 
calamites.     Higher  forms  of  vegetation  are  represented  by  a  few 
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conifers  (Dadoastflon,  Ormoost/lon,^  &c.).  From  a  locality  on  Lake 
Erie,  Dr.  Dawson  describes  a  fragment  of  dicotyledonous  wood,  not 
unlike  that  of  some  modern  trees — the  most  ancient  fragment  of 


Fio.  332.--L0WEB  Old  Red  Sandstonb  Fishes. 

a,  Cepbalaspifl  Lyelli  (Ag.)  (side  view),  restored  by  Prof.  E.  Ray  Lankesier,  F.R.S. ; 
6,  Osteolepis  miorolepidotus  (Sedgw.  aod  Murchi.),  restored  by  Dr.  R.  H.  Traqnnir, 
F.R.S. ;  0,  Diptems  Valenoiennesii  (Sedgw.  and  Murch.),  from  a  sketch  by  Dr. 
Traqnair ;  (2,  Oocoosteos  decipiens  (Ag.) ;  e,  Aoanthodee  Mitchelli  (Eg.),  Forfarshire, 
from  a  sketdi  by  Hr.  B.  N.  Peach. 

an  anffiospermous  exogen  yet  discovered.  So  abundant  are  these 
vegetaole  remains  that  in  some  layers  they  actually  form  thin  seams 
of  coal. 

^  ProiotaxitM,  included  by  Dr.  Dawson  among  the  Gonifene,  is  relegated  by  Mr. 
Oarnithers  to  the  Algse  nnder  the  name  of  NemcUophycus-^  genus  also  found  in  the 
Upper  Silurian  rooks  of  N.  Vfa\eB,^Month,  Mieroseopical  Joum.  1872. 


Digitized  by 


Google 


710  .        STKATIGKAPHICAL  GEOLOGY.        [Book  VL 

The  interest  of  this  flora  is  heightened  by  the  discovery  of  the 
fact  that  the  primeval  forests  were  not  without  the  hum  of  insect 
life.    The  most  ancient  known  relics  of  insect  forms  have   been 
recovered  from  the  Devonian  strata  of  New  f  ^^^^^^'^/'^^y^,^^^ 
neuropterous  wings,  and  have  been  referred  by  Mr,  S<^^J^^f^B^^ 
to  four  species  combining  a  remarkable  union  of  characters  now 
found  in  distinct  orders  of  insects.     In  one  fragment  be  observed  a 
structure  which  he  could  only  compare  to  the  stridulating  organ  of 
some  male  Orthoptera.    Another  wmg  indicates  the  existence  of  a 
gigantic  Ephemera,  with  a  spread  of  wing  extending  to  five  mch^ 
^  ^The  existence  of  myriapods  in  the  forests  of  this  a^^^ent  period 
has  recently  been  shown  V  Mr.  B  N.  Peach,  who  finds  that  the 
so-called  Kampecaris,  hitherto  regarded  as  a  larval  form  of  isopod 
crustacean,  really   contains  two  genera  of 
chilognathous  myriapods,  diflfering  from  other 
known  forms,  fossil  and  recent,  in  their  less 
differentiated  structure,  each  body  segment 
being  separate,  and  supplied  with  only  one 
pair  of  walking  legs.  ^,,  ^  ,  «     ^ 

The  water-basins  of  the  Old  Bed  Sand- 
stone were,  on  the  whole,  singularly  devoid 
of  life ;  at  least,  remains  of  it  have  been  bat 
meagrely   preserved.      The   fauna    consists 
almost  wholly  of  fishes.    Among  these  the 
Pteraspis  survived  for  a  while  from  Upper 
Silurian  times.     With  it  there  lived  other 
members  of  the  same  sub-order  of  placoder- 
matous  ganoids,  notably  the  curious  saddler's 
knife-like  Cephalaspis,  the  Mied  Atuihsnaspis, 
the  Coccosteus,  and   Pterichthya  (Fig.  332). 
The  sub-order  of  Acanthodians  attained  its 
chief  development  in  these  lakes,  the  genera 
AcarUhodes,  JDiplacardhus,  and  Cheiraeanthu» 
being    characteristic    and    abundant     The 
Crossopterygridssy  so  remarkable  for  the  central 
scaly  lobe  of  their  fins  and  represented  at  the  present  time   by 
Polypterusy  swarmed  in  the  waters,  some  of  the  most  characteristic 
genera  being  Osteolepis,  Diplopterus,  Holovtychius,  GlypMepis,  Phor 
neropleuron,  Qlyptol^mus,  Glyptopcmv^.    The  modem  Ceratodus  of 
the  Queensland  rivers  had  a  closely  allied  representative  m  the 
abundant  Dipterua  of  the  Old  Bed  Sandstone  lakes.    The  largest  fish 
of  the  European  basin  was  the  Asterolepis,  the  cuirass-like  cephalic 
shield  of  which  sometimes  reaches  a  length  of  twenty,  with  a  breadth 
of  sixteen  inches.    Probably  more  gigantic  was  the  Diniehthys,  already 
referred  to  as  occurring  in  the  Devonian  rocks  of  North  America,  of 
which  the  head,  encased  in  strong  plates,  attained  a  length  of  three 
feet,  and  was  armed  with  a  formidable  apparatus  of  teeth. 

A    few  eurypterid  Crustacea  occur,  especially  of  the  genera 


Fig.  333. — ^Ptebichthtb 
c0bntjtu8  (ao.). 
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Xktryjjterus  and  Pterygotus.  The  species  of  the  former  are  small,  but 
one  of  the  latter,  P.  anglicus  (Fig.  329),  is  found  in  Scotland,  which 
must  hare  had  a  length  of  five  or  six  feet. 


§  2. — Looal    Development. 

Mnrchison,  who  strongly  advocated  the  opinion  that  the  Old  Bed 
Sandstone  and  Devonian  rooks  represent  different  geographical  condi- 
tions of  the  same  period,  and  who  had  with  satisfaction  seen  the  adoption 
of  the  Devonian  classification  by  Continental  geologists,  endeavoured  to 
trace  in  the  Old  Red  Sandstone  of  Britain  a  t^-eefold  division,  like  that 
^hich  had  been  accepted  for  the  Devonian  system.  He  accordingly 
arranged  the  formations  as  in  the  subjoined  table : 


Yellow  and  red  sandstones  and  oonglomerates  (FterielUkyt  majors 
HoloptyehiuB  natnlimmuSt  &c.)=I>ura  Den  beds. 

Qtej  and  blue  calcareons  and  bitominoiis  flagstones,  limestones, 
and  red  sandstones,  and  oonglomerates  (Dipieru$j  OtteoUpU^ 
A$terolepi$,  Aeanlhodes^  PterichiJ^ys^  &o.}=Oaithne6S  flags. 

Red  and  pnrple  sandstones,  grey  sandy  flagstones,  and  coarse 
oonglomerates  (CephaUupis^  Ptercupie^  Pterygotus) =Arhroakiti 
flags. 


It  is  important  to  observe  that  in  no  district  can  these  three  sub- 
divisions be  found  together,  and  that  the  so-called  "  middle  "  formation 
occurs  only  in  one  region — ^the  north  of  Scotland.  The  classification, 
therefore,  does  not  rest  upon  any  actually  ascertained  stratigraphical 
sequence,  but  on  an  inference  from  the  organic  remains.  The  value  of 
this  inference  will  be  estimated  a  little  further  on.  All  that  can  be 
affirmed  from  stratigraphical  evidence  in  any  Old  Red  Sandstone  district 
in  Britain  is  that  a  great  physical  and  palsdontological  break  can  gene- 
rally be  traced  in  the  Old  Ked  Sandstone,  dividing  it  into  two  completely 
distinct  series. 

As  a  whole,  the  Old  Bed  Sandstone,  where  its  strata  are  really  red,  is, 
like  other  masses  of  red  deposits,  singularly  barren  of  organic  remains. 
The  physical  conditions  under  which  the  precipitation  of  iron  oxide  took 
place  were  evidently  un&vourable  for  the  development  of  animal  life  in 
the  same  waters.  Sir  A.  C.  Ramsay  has  connected  the  occurrence  of 
sucfi  red  formations  with  the  existence  of  salt  lakes,  from  the  bitter 
waters  of  which  not  only  iron  oxide  but  often  rock-salt,  magnesian  lime- 
stone, and  gypsum  were  thrown  down.^  He  points  also  to  the  presence 
of  land  plants,  footprints  of  amphibia,  and  other  indications  of  terrestrial 
sur&ces,  while  truly  marine  organisms  are  either  found  in  a  stunted  con- 
dition or  are  absent  altogether.  Where  the  strata  of  the  Old  Red  Sand- 
stone, losing  their  red  colour  and  ferruginous  character,  assume  grey  or 
yellow  tints  and  pass  into  a  calcareous  or  argillaceous  condition,  they 

'  ProFessor  Gosselet  contends  that  the  predpitation  of  iron  might  qnite  weU  have 
taken  place  in  the  sea,  and  he  dtes  the  case  of  the  Deyonian  basin  of  Dinant,  where  the 
same  beds  are  in  one  part  red  and  barren  of  organic  remains,  and  in  another  part  of  the 
atme  area  are  of  the  nsnal  cobnrs,  and  are  follof  marine  fossils.  Bat  the  red  ookmr  of 
the  Old  Red  Sandstone  is  general,  and  is  accompanied  with  other  proofs  of  isolation 
in  the  •basins  of  deposit. 
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not  infrequently  become  fossiliferons.  At  the  same  time  it  is  not 
worthy  of  remark  that  some  of  the  red  conglomerates,  which  mi^t  l» 
supposed  little  likely  to  contain  organic  remains,  are  occasionallj  found 
to  DC  full  of  detached  scales,  plates,  and  bones  of  fishes. 

The  Old  Bed  Sandstone  of  Britain,  accordiDg  to  the  author^s  re- 
searches, consists  of  the  following  subdivisions : 

2.  Upper. — Yellow  and  red  sandstones,  conglomerates*  marla»  fto^ 
pausing  np  conformably  into  the  base  of  the  Carboniferous  system^  and 
resting  nnconformably  on  the  Lower  Old  Bed  Sandstone  and  every  elder 
formation — Hohptychiua^  Pterichthys  major^  &o. 

1.  Lower. — Ked  sandstones,  conglomerates,  flagstones,  and  associmted 
igneous  rocks,  passing  in  some  places  conformably  down  into  Upper 
Silurian  formations — Dipterus,  Goccosteus,  C^halaspis,  Pterygoius^  &G, 

Lower, — In  a  memoir  on  the  Old  Red  oandstone  of  Western  Eunipe, 
the  author  has  proposed  short  names  for  the  different  detached  basms 
in  which  the  Lower  Old  Bed  Sandstone  was  accumulated.^  The  most 
southerly  of  these  (the  Welsh  Lake)  lies  in  the  Silurian  region  extending 
from  Shropshire  into  South  Wales.  Here  the  uppermost  parts  of  the 
Silurian  system  graduate  into  red  strata,  not  less  than  10,000  feet  thick, 
which  in  turn  pass  up  conformably  into  the  base  of  the  Garboniferoiu 
system.  This  vast  accumulation  of  red  rocks  consists  in  its  lower 
portions  of  red  and  green  shales  and  flagstones,  with  some  white  sand- 
stones and  thin  comstones ;  in  the  central  and  chief  division,  of  red  and 
green  spotted  sandy  marls  and  clays,  with  red  sandstones  and  oora- 
stones ;  in  the  higher  parts,  of  grey,  red,  chocolate-coloured,  and  yellow 
sandstones,  with  bands  of  con^omerate.  No  unconformability  has  yet 
been  detected  in  any  part  of  this  series  of  rocks,  though,  from  the  obs^ 
vations  of  De  la  Beche,  it  may  be  suspected  that  the  higher  strata,  which 
graduate  upward  into  the  Carboniferous  formations,  are  separated  from 
the  underlying  portions  of  the  Old  Bed  Sandstone  by  a  distinct 
discordance. 

Although,  as  a  whole,  barren  of  cranio  remains,  these  red  rocks 
have  here  and  there,  more  particularly  in  the  calcareous  zones,  yielded 
fragments  of  fishes  and  crustaceans.  In  their  lower  and  central  portions 
remains  of  the  ganoids  CephdlaspiB^  Didymaspis,  Scaphaapti,  PteratpU^  and 
Cyathaspis  have  been  found,  tether  with  crustaceans  of  the  genera 
StyUmurue,  Pterygoiua,  and  PrearcturuSy  and  obscure  traces  of  plants.  The 
upper  yellow  and  red  sandstones  contain  none  of  the  cephalaspid  fishes, 
wnich  are  there  replaced  by  Pterichthys  and  Holaptychius,  associated  with 
distinct  impressions  of  land-plants.  In  some  of  the  higher  parts  of  the 
Old  Bed  Sandstone  of  South  Wales  and  Shropshire,  Serjmla  and  Canmlana 
occur ;  but  these  are  exceptional  cases,  and  point  to  the  advent  of  the 
Carboniferous  marine  fauna,  which  doubtless  existed  outside  the  British 
area  before  it  spread  over  the  site  of  the  Old  Bed  Sandstone  basins. 

It  is  in  Scotland  that  the  Old  Bed  Sandstone  shows  the  most  com* 
plete  and  varied  development,  alike  in  physical  structure  and  in  organic 
contents.  Throughout  that  country  the  system  is  found  everywhere  to 
present  a  division  into  two  well-marked  groups  of  strata,  separated  fnnn 
each  other  by  a  strong  unconformability  and  a  complete  break  in  the  suc- 
cession of  organic  remains.  It  occurs  in  distinct  basins  of  deposit  One 
of  these  occupies  the  central  valley  between  the  base  of  the  Highland 

>  Trans,  Boy.  8oc.  Edin,  yol.  xxvill.  1879. 
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xnountaiDS  and  the  tiplands  of  the  southern  oounties  (Lake  Caledonia). 
On  the  north-east  it  is  cut  off  hv  the  present  coast-line  from  Stonehayen 
to  the  month  of  the  Taj.    On  the  south-west  it  ranges  hy  the  island  of 
Arran  across  St.  Gorge's  Channel  into  Ireland,  where  it  runs  almost  to 
the  -western  sea-board,  flanked  on  the  north,  as  in  Scotland,  by  hills  of 
cryBtalline  rooks,  and  on  the  south  chiefly  by  a  Lower  Silurian  belt. 
Another  distinct  and  still  lai^er  basin  (Lake  Orcadie)  lies  on  the  north 
side  of  the  Highlands,  but  only  a  portion  of  it  corned  within  the  present 
area  of  Scotland.     It  skirts  the  slopes  of  the  mountains  along  the  Moray 
Firth  and  the  east  of  Ross  and  Sutherland,  and  stretches  through  Caith- 
ness and  the  Orkney  Islands  as  far  as  the  south  of  the  Shetland  group. 
It  may  nossibly  have  been  at  one  time  continued  as  far  as  the  SogneQord 
and  DalsQord  in  Norway,  where  red  conglomerates,  like  those  of  the 
north  of  Scotland,  occur.    There  is  even  reason  to  infer  that  it  may  have 
ranged  eastwards  into  Russia,  for,  as  already  stated,  some  of  its  most 
charaoteristic  organisms  are  found  also  among  the  Devonian  strata  of 
that  country.    A  third  minor  area  of  deposit  (Lake  Cheviot)  lay  on  the 
south  side  of  the  southern  uplands  over  tne  east  of  Berwickshire  and  the 
north  of  Northumberland,  including  the  area  of  the  Cheviot  Hills.    A 
fourth  (Lake  of  Lome)  occupied  a  basin  on  the  flanks  of  the  south-west 
Highlands,  which  is  now  partly  marked  bv  the  terraced  volcanic  hills 
of  Lome.    There  is  sufficient  diversity  of  lithological  and  palaeonto- 
logioal  characters  to  show  that  these  several  areas  were  on  the  whole 
distinct  basins,  separated  both  from  each  other  and  from  the  sea. 

In  the  central  basin  or  Lake  Caledonia,  the  twofold  division  of  the 
Old  Red  Scmdstone  is  typically  seen.      The  lower  series  of  deposits 
attains  a  maximum  depth  of  upwards  of  20,000  feet.    These  strata 
everywhere  present  traces  of  shallow-water  conditions.    The  accumula- 
tion of  so  great  a  thickness  can  only  be  explained  on  the  supposition 
that  the  subterranean  movements  wmch  at  nrst  ridged  up  the  Silurian 
sea-floor  into  land,  enclosing  separate  basins,  continued  to  4^pen  these 
basins  until  eventually  enormous  masses  of  sediment  had  slowly  gathered 
in  thenu    There  are  proofs  that  the  subsidence  was  interrapted  by  occa- 
sional local  elevation&     In  Lanarkshire  this  massive  series  of  deposits 
passes  down  conformably  into  Upper  Silurian  rocks ;  elsewhere  its  base 
IS  concealed  by  later  formations,  or  by  the  unconformability  with  which 
different  horizons  rest  upon  the  older  rocks.    It  is  covered  unconform- 
ably  by  every  formation  younger  than  itself.    It  consists  of  reddish- 
brown  or  chocolate-coloured,  grey,  and  yellow  sandstones,  red  shales, 
grey  flagstones,  coarse  conglomerates,  and  occasional  bands  of  limestone 
and  comstone.     The  grey  flagstones  and  thin  grey  and  olive  shales  and 
'*  calmstones  "  are  almost  confined  to  Forfarshire,  in  the  north-east  part  of 
the  basin,  and  are  known  as  the  Arbroath  flags.    One  of  the  most  marked 
lithological  features  in]  this  central  Scottish  basin  is  the  occurrence  in  it 
of  prodi^ous  masses  of  interbedded  volcanic  rocks.    These,  consisting  of 
porphynte-lavas,  felsites,  and  tufiOs,  attain  a  thickness  of  more  than  C^OO 
feet,  and  form  important  chains  of  hills,  as  in  the  Pentland,  Ochil,  and 
Sidlaw  ranges.    Thev  lie  several  thousand  feet  above  the  base  of  the 
system,  and  are  regularly  interstratified  here  and  tiiere  with  bands  of 
the  ordinary  sedimentarv  strata.      They  point  to    the    outburst    of 
numerous  volcanic  vents  along  the  lake  or  inland  sea  in  which  the  Lower 
Old  Bed  Sandstone  of  central  Scotland  was  laid  down;  and  their  disposi* 
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tion  shows  that  the  vents  ranged  ihemselTee  in  lines  or  linear  grosps 
parallel  with  the  general  trend  of  the  great  oentral  vallej.     The  fact 
that  the  igneous  rooks  are  snooeeded  hy  thousands  of  feet  of  sandsUnkes* 
shales,  and  oonglomerates,  without  any  intercalation  of  lava  or  tnS,  prov^a 
that  the  volcanic  episode  in  the  history  of  the  lake  oame  to  a  olose  long 
before  the  lake  itself  disappeared.     As   a  rule  tiie  deposits  of  tliis 
basin  are  singularly  unfossiliferous,  though  some  portions  of  them, 
particularly  in  the  Forfarshire  (Arbroath)  flagstone  group,  have  proved 
rich  in  fish  remains.     In  Lanarkshire  about  5000  feet  above  the  b«n 
of  the  system  a  thin  band  of  shale  occurs,  containing  a  graptolite,  witk 
Spirorbis  Lewini  and  Orthoceras  dimidiaium, — ^undoubtedly  Upper  SiluriaB 
forms.    This  interesting  iaot  serves  to  indicate  that,  though  geographioai 
changes  had  elevated  the  Upper  Silurian  sea-floor  partly  into  land  and 
partly  into  isolated  inland  water-basins,  the  sea  outside  still  oontmined 
an  Upper  Silurian  fauna,  which  was  ready  on  any  favourable  opportunity 
to  re-enter  the  tracts  from  which  it  had  been  excluded  (see  p.  628). 
The  interval  of  its  reappearance  seems  to  have  been  very  brief,  however, 
for  the  band  of  shale  containing  these  Upper  Silurian  marine  organiaoif 
is  only  a  few  inches  thick,  and  the  fossils  have  not  been  detected  on  any 
other  horizon.    With  these  exceptions,  the  fiftuna  of  the  fomution  consista 
entirely  of  fishes  and  crustaceans.     Nine  or  more  species  of  crustaoeaiw 
have  been  obtained,  chiefly  eurypterids,  but  including  one   or    two 
phyllopods.     The  large  pteiygotus  (P.  AngUcua)  is  especially  charao- 
teristic,  and  must  have  attained  a  great  sise,  for  some  of  the  individuals 
indicate  a  length  of  6  feet  with  a  breadth  of  1^  feet    There  occur  also  a 
smaller  species  (P.  tfitnor),  two  Eurypteri^  three  species  of  StyUmumB^  and 
abundant  clusters  of  crustacean  egg-packets  {Parka  decipiens).    Seventeen 
species  of  fishes  have  been  obtained,  chiefly  from  the  Arbroath  flags.    Th«j 
belong  to  the  sub-orders  AcanihodidsB  and  (ktracoiiei  (Fig.  332).   One  of  the 
most  abundant  forms  is  the  little  AcanihodeB  MUcheui,    Another  common 
fish  is  Diplacanthua  gracilis.     There  occur  also  CUnuUiug  aeuHger^  O.  rMcm- 
laiuSy  and   0.  uncinaim^  Parexus  incwrvua^  EtUhaeaiUhu$  (four  specie*), 
Oephalaspis  LyeUii^  and  Pteratpis  MUcheUi,    Some  of  the  sandstones  aikd 
shales  are  crowded  with  indistinctlv  preserved  vegetation,  occasionally 
in  sufficient  quantity  to  form  thin  lamince  of  ooal.    In  Forfarshire  the 
surfaces  of  the  shaly  flagstones  are  now  and  then  covered  with  linear 
grass-like  plants  like  the  sedgy  vegetation  of  a  lake  or  marsh.    In  Perth- 
shire certain  layers  occur  chiefly  made  up  of   compressed  stems  of 
Psilophyton  (Fig.  331).     The  adjoining  land  was  doubtless  clothed  with  a 
flora  in  large  measure  lycopodiaceous. 

The  Old  Bed  Sandstone  of  the  northern  basin  (Lake  Orcadie)  is  typi- 
cally developed  in  Caithness,  where  it  consists  chiefly  of  the  vrell-known 
dark-grey  bituminous  and  calcareous  flagstones  of  commerce.  It  rests  nn- 
conformably  upon  metamorphosed  Lower  Silurian  schists,  and  must  have 
been  deposited  on  the  very  uneven  bottom  of  a  sinking  basin,  seeing  that 
occasionally  even  some  of  the  higher  platforms  are  found  resting  against 
the  schists  and  granites.  The  lower  zones  consist  of  red  sandstones  snd 
conglomerates,  which  graduate  upward  into  the  flagstones.  Other  led 
sandstones,  however,  supervene  in  the  higher  parts  of  the  system.  The 
total  depth  of  the  series  in  Caithness  hf^  been  estimated  at  upwards  of 
16,000  feet.  Murchison  was  the  first  to  attempt  the  correlation  of  the 
Caithness  flagstones  with  the  Old  Bed  Sandstone  of  the  lest  of  Britain. 
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f^onnding  upon  the  abeenoe  from  these  northern  roclrs  of  the  oharacteristio 
oephalaspidean  fishes  of  the  admitted  Lower  Old  Bed  Sandstone  of  the 
south  of  Scotland  and  of  Wales  and  Shropshire,  upon  the  presence  of 
xiumerous  genera  of  fishes  not  known  to  occur  in  the  true  Lower  Old 
£ed  Sandstone,  and  upon  the  discorery  of  a  Pterygotua  in  the  basement 
red  sandy  gronp  of  stntta,  he  concluded  that  the  massire  fiagstone  series 
of  Caithness  could  not  be  classed  with  the  Lower  Old  Bed  Sandstone, 
l>ut  must  be  of  younger  date.  He  supposed  these  red  sandstones,  con- 
glomerates, and  shales  at  the  base,  with  their  PterygoUiSy  to  represent 
the  true  Lower  Old  Bed  Sandstone,  while  the  great  flagstone  series 
-with  its  distinctive  fishes  was  made  into  a  middle  division  answering  in 
some  of  its  ichthyolitic  contents  to  the  Middle  Devonian  rocks  of  the 
Continent.  This  view  has  been  accepted  by  geologists.  Becently, 
however,  I  have  endeavoured  to  show  that  the  Caithness  flagstones 
belong  to  the  Lower  Old  Bed  Sandstone,  and  that  there  is  no  evidence 
of  the  existence  of  any  middle  division.  It  appears  to  me  that  the 
discrepance  in  organic  contents  between  the  Caithness  and  the  Ar- 
broath flags  is  b^  no  means  so  strong  as  Murchison  supposed,  but 
that  several  species  are  common  to  both.  In  particular,  I  find  that 
the  characteristically  Lower  Old  Bed  Sandstone  and  Upper  Silurian 
omstaoean  genus  Pterygotm  occurs,  not  merely  in  the  basement  zone  of 
the  Caithness  flags,  but  also  high  up  in  the  series.  The  genera  Acan- 
ihode$  and  DiplacarUhw  are  abundant  both  in  Caithness  and  in  Forfar- 
shire. Parexua  ineurvus  occura  in  the  northern  as  well  as  the  southern 
basin.  The  admitted  palaeontological  distinctions  are  probably  not 
greater  than  the  striking  litiiological  differences  between  the  strata  of 
the  two  regions  would  account  for,  or  than  the  contrast  between  the 
ichthyic  faunas  of  contiguous  water-basins  at  the  present  time. 

Somewhere  about  sixty  species  of  fishes  have  been  obtained  from  the 
Old  Bed  Sandstone  of  the  north  of  Scotland.  Among  these  the  genera 
Acanihodes^  Atterol^ns,  OheiracofUhus^  Cheirolepta^  Coccogteus,  Diplacanihu8j 
DiplopteruB,  Dijptenu,  Olifptolepis,  OateolepiSj  and  Pterichthys  are  specially 
characteristic.  Some  of  the  shales  are  crowded  with  the  little  ostracod 
omstaoean  Edheria  membranaeea.  Land  plants  abound,  especially  in  the 
higher  groups  of  the  flagstones,  where  forms  of  Ptilophyton,  Lepidadendron^ 
SHgmariOy  SigillanoL,  C^mitea,  and  Cydopteria,  as  well  as  other  genera, 
occur.  In  ihe  Shetland  Islands  traces  of  abundant  contemporaneous 
volcanic  rocks  have  been  observed.  These,  with  the  exception  of  two 
trifling  examples  in  the  region  of  the  Moray  Firth,  are  the  only  known 
instanoes  of  volcanic  action  in  the  Lower  Old  Bed  Sandstone  of  Lake 
Orcadie.  In  the  other  two  Scottish  basins,  those  of  the  Cheviot  Hills 
and  of  Lome,  volcanic  action  continued  long  vigorous,  and  produced 
thick  piles  of  lava,  like  those  of  Lake  Caledonia. 

Upper. — ^Below  the  Carboniferous  system  there  occur  in  Scotland 
certain  red  sandstones,  deep  red  clays  or  marls,  conglomerates,  and 
breccias,  the  sandstones  passing  into  yellow  or  even  white.  These  strata, 
wherever  their  stratigraphical  relations  can  be  distinctly  traced,  lie  un- 
conformably  upon  every  formation  older  than  themselves,  including  the 
Lower  Old  Bed  Sandstone,  while  on  the  other  hand  they  pass  up 
conformably  into  the  Carboniferous  rocks  above.  Studied  from  the  side 
of  the  underlying  formations,  they  seem  naturally  to  form  part  of  the 
Old  Bed  Sandstone,  since  they  agree  with  it  in  general  Uthological 
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oliaraoter,  and  also  in  containing  some  diistinctiYelj  Old  Bed  Saiidrtone 
genera  of  fishes,  such  as  Pteriehthya  and  Holoptyckius  ;  thongb,  approftdied 
from  the  upper  or  Carboniferous  direction,  they  mieht  rather  be  maKoaati 
as  the  natural  sandy  base  of  that  system  into  Tfniich  they  inseniablT 
graduate.  On  the  whole,  they  are  remarkably  barren  of  oi^ganie  remains, 
though  in  one  locality — ^Dura  Den  in  Fife — ^mey  have  yielded  a  nimbcr 
of  genera  and  species  of  fishes,  crowded  profusely  through  the  pa> 
sandstone  as  if  the  individuals  had  been  suddenly  killed  and  impidlT 
covered  over  with  sediment.  Among  the  characteristio  orjicanisins  of 
the  Scottish  Upper  Old  Bed  Sandstone  are  Pierickthifs  mqfor,  Hbicpifdmm 
nobili89%mu8y  K,  Andersoni,  Olyptopomus,  Olyptoleemus^  and  PJumeropiemvm. 

An  interesting  fieu)t  deserves  mention  here  as  a  corollary  to  ^what  hai 
been  stated  above  regarding  the  survival  for  some  time  of  an  Upper 
Silurian  fauna  outside  the  area  of  the  British  Old  Bed  Sandstone  lakes. 
In  the  Upper  Old  Bed  Sandstone  of  the  basin  of  the  Firth  of  Clyde. 
Ptericihya  major  and  Holoptyckius  occur  at  the  Heads  of  Ayr,  ivhiie  a 
band  of  marine  limestone  lying  in  the  heart  of  the  red  sandstone  aesief 
in  Arran  is  crowded  with  ordinary  Carboniferous  Limestone  shells,  mdi 
as  Productua  giganieua,  P.  aemireUcuUUus,  P.  ptmetohw,  Chonetes  hardnmk 
Spirifera  Uneala,  &o*  None  of  these  fossils  has  been  detected  in  the  gntt 
series  of  red  sandstones  overlying  the  limestone.  They  do  not  rea{^Mar 
till  we  reach  the  limestones  in  the  Lower  Carboniferous  series ;  yet  tbe 
oi^nisms  must  have  been  living  during  all  that  long  interval  ontside  of 
the  Upper  Old  Bed  Sandstone  area  (p.  739\  Not  only  so,  bat  they  rat 
have  been  in  existence  lon^  before  the  formation  of  the  thick  Aim 
limestone,  though  it  was  only  during  tiie  comparatively  brief  inteml 
represented  by  that  limestone  that  geographical  changes  permitted  then 
to  enter  the  Old  Bed  Sandstone  basin  and  settle  for  a  while  on  its  floor. 
Thus  we  see  that  while,  on  the  one  hand,  the  older  parts  of  the  Lover 
Old  Bed  Sandstone  were  coeval  with  an  Upper  Silurian  fauna  wfaidu 
having  disappeared  from  the  area  of  Britain,  survived  outside  of  that 
area,  on  the  other  hand,  ihe  higher  parts  of  ihe  Upper  Old  Bed  Sandsfaooe 
were  contemporaneous  with  a  Carboniferous  Limestone  fauna  irhidu 
having  appeared  beyond  the  British  area,  was  ready  to  spread  over  it  m 
soon  as  the  conditions  became  favourable  for  tne  invasion.  It  is, 
of  course,  obvious  that  such  an  abundant  and  varied  fauna  as  that  of 
the  Carboniferous  Limestone  cannot  have  .come  suddenly  into  existence 
at  the  peiiod  marked  by  the  base  of  the  limestone.  It  must  have  had 
a  long  previous  existence  outside  the  present  area  of  the  deposit.  But 
it  is  seldom  that  we  obtain  such  clear  evidence  of  this  paheontologknl 
relation  as  in  these  instances  from  the  Scottish  Old  Bed  ^ndstone. 

In  the  north  of  Scotland,  on  the  lowlands  bordering  the  Moray  Firth, 
and  again  in  the  island  of  Hoy,  one  of  the  Orkney  group,  yellow  and  red 
sandstones,  sometimes  containing  characteristic  Upper  Old  Bed  Sand- 
stone  fishes,  are  found  lying  unoonformably  upon  the  Caithness  flan. 
In  these  northern  tracts  the  same  relation  is  tnus  traceable  as  in^a 
central  counties  between  the  two  divisions  of  the  system. 

Turning  southward  across  the  border  districts,  we  trace  the  red 
sandstones  and  conglomerates  of  the  Upper  Old  Bed  Sandstone  Iriai: 
unoonformably  on  Silurian  rocks  and  Lower  Old  Bed  Sandstone.  Sosm 
of  the  brecciated  conglomerates  have  much  resemblance  to  glacial 
detritus,  and  it  has  been  suggested  that  they  have  been  connected  with 
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oontempoianeouB  ioe-aotion.    Suoh  are  the  breooias  of  tlie  Lammermnir 
Sills,  and  those  whioh  show  themselves  here  and  there  from  tinder  the 
OTerljing  mass  of  CarboDiferous  strata  that  flanks  the  Silurian  hills  of 
Cumberland  and  Westmoreland.     Bed  conglomerates  and  sandstones 
appear  interruptedly  at  the  base  of  the  Carboniferous  rocks  even  as  far  as 
Flintshire  and  Anglesea.     They  are  commonly  classed  as  Old  Bed 
Sandstone,  but  merely  from  their  position  and  lithological  character. 
No  organic  remains  have  been  found  in  them.     They  may  therefore,  in 
part  at  least,  belong  to  the  Carboniferous  system,  having  been  deposited 
on  different  successive  horizons  during  the  gradual  depression  of  the  land. 
In    Devonshire,   at   Barnstaple,  Pilton,  Marwood,  and  Ba^gy  Point, 
certain  sandstones,  shales,  and  limestones  (already  referred  to  in  the 
account  of  the  Devonian  rocks)  graduate  upward  into  the  base  of  the 
Carboniferous  system,  and  appear  to  represent  the  Upper  Old  Bed  Sand- 
stone of  the  rest  of  Britain.     They  contain  land  plants  and  also  many 
marine  fossils,  some  of  which  are  common  Carboniferous  forms.    They 
thus  indicate  a  transition  into  the  geographical  conditions  of  the  Car- 
boniferous period,  as  is  still  more  clearly  illustrated  by  the  corresponding 
Btrata  in  Scotland. 

The  Old  Bed  Sandstone  attains  a  great  development  in  the  south  and 
south-west  of  Ireland.  The  '*  Glengwiff  grits,"  some  10,000  feet  thick, 
pass  down  into  Upper  Silurian  strata,  and  may,  perhaps,  represent  the 
Lower  Old  Bed  Sandstone  of  Scotland.  The  rocks  are  covered  uncon- 
formably  by  the  "  Old  Bed  Sandstone  "  of  Irish  geologists,  which  may 
be  the  equivalent  of  the  Scottish  Upper  Old  Bed  Sandstone.  This  over- 
lying mass  of  sedimentary  material  consists  of  two  members,  a  lower 
very  thick  series  of  green,  purple,  and  reddish  grits  or  slates  and  an 
upper  thin  set  of  grey  or  yellowish  flagstones.  Thev  have  yielded  a  few 
flshes  (Boihriolepisy  Coccosteua,  Pterichdiys^  Olypiolep%s)y  some  crustaceans 
{BeUnurMy  Pterygotus)^  a  fresh-water  lamellibranch  {Anodanta  Jukesii\ 
and  a  number  of  ferns  and  other  land  plants  (PoZasop^em,  Sphenoptens^ 
Sagenaria,  Knorriti,  Oycloaiigmd)^ 

Norway,  Ac. — On  the  continent  of  Europe  the  Old  Bed  Sandstone 
type  can  hardly  be  said  to  occur.  Some  outliers  of  red  sandstone  and 
conglomerate  (p.  713)  in  northern  and  western  Norway  reach  a  thickness 
of  1000  to  1200  feet.  Near  Christiania  they  follow  the  Silurian  strata  like 
the  Old  Bed  Sandstone,  but  as  yet  have  yielded  no  fossils,  so  that,  as  they 
pass  up  into  no  younger  formation,  their  geological  horizon  cannot  be 
certainly  fixed.  The  Devonian  rocks  of  Bussia  have  been  above  referred 
to  as  presenting  a  union  of  the  two  types  of  this  part  of  the  geological 
series.  The  extension  of  the  land  of  the  Old  Bed  Sandstone  period,  with 
its  charactenstic  flora,  &r  north  within  the  Arctic  circle  is  indicated  by 
the  discoveries  made  a  few  years  ago  at  Bear  Island  (lat.  70^  30'  N.)  ben 
tween  the  coast  of  Norway  and  Spitzbergen.  Certain  seams  of  coal  and 
coaly  shale  occur  at  that  locality  underlying  beds  of  Carboniferous  lime- 
stone and  overlying  some  yellow  dolomite,  ccScareous  shale,  and  red  shales. 
They  have  been  assigned  by  Heer  to  the  Carboniferous  series,  but  are 
regarded  by  Dawson  as  unquestionably  Devonian.  They  may  be  corre- 
lated with  the  Upper  Old  Bed  Sandstone  of  Biitain.  Heer  enumerates 
eighteen  species ;  only  three  are  peculiar  to  the  locality,  while  among 

'  Prof.  Hull  has  recently  devoted  mnch  attention  to  the  oorrolation  of  these  Irish 
rocks.  See  in  particular  his  papers  in  Q.  J,  Geol,  8oe,  zxzv.,  xxzvi.,  Proc,  Boy,  DMin 
8oe.  (new  ser.),  1880. 


Digitized  by 


Google 


718  STBATIGRAPHICAL  GEOLOGY.         [Book  VL 


the  otHeni  are  some  widely-diffased  forms, — OalamUea  radiatuB  (I 
tionisX  Ptdaopteria  roemeriana,  Sphenopteria  Schimperi,  Cardjcpieri^  /romdoim, 
Lepiaodendran  veUheimianum,  and  tliree  other  species,  Knonria  iwArie^^ 
and  OydosUgma  hiUorlcense^ 

North  America. — It  is    interesting   to   observe   that    in   North 
America  representatives  occur  of  the  two  divergent  Devonian  and  Old 
Bed  Sandstone  types  of  Europe.    The  American  Devonian  faciaa  has 
already  been  referred  to.     On  the  eastern  side  of  the  ancient  Arcbman 
and  Silurian  ridge,  which,  stretching  southwards  from  Canada,  separated 
in  early  Pal»ozoic  time  the  great  interior  basin  from  the    Atlaatk 
slopes,  we  find  the  Devonian  rocks  of  New  York,  Pennsylvania,  and  tht 
interior  represented  in  New  Brunswick  and  Nova  Scotia  by  a  totally 
different  series  of  deposits.     The  contrast  strikingly  recalls  that  pre- 
sented by  the  Old  Bed  Sandstone  of  the  north  of  Scotland  and  the 
Devonian  rocks  of  North  Germany.      On  the  south  side   of  the  St 
Lawrence  the  coast  of  Gasp^  shows  rocks  of  the  Quebec  group  nnoon- 
formably  overlaid  by  grey  lunestones  with  green  and  red  shales,  attain- 
ing, aocording  to  Logan,  a  total  thickness  of  about  2000  feet,*  and  in 
some  bands  replete  with  tipper  Silurian  fossils.     They  are  conformably 
followed  by  a  vast  arenaceous  series  of  deposits  termed  the  Gkisi>6  Sand- 
stones, to  which  the  careful  measurements  of  Logan  and  his  colleagnes 
of  the  Canadian  Geological  Survey  assign  a  depth  of  7036  feet.     This 
formation  consists  of  grey  and  drab-oolor^ed  sandstones,  with  oocas&cmal 
grey  shales  and  bands  of  massive  conglomerate.    Similar  rocks  reappear 
along  the  southern  coast  of  New  Brunswick,  where  they  attain  a  a^4h 
of  9500  feet,  and  again  on  the  opposite  side  of  the  Bay  of  Fondy.      The 
researches  of  Dr.  J.  W.  Dawson,  already  referred  to,  have  made  knovii 
the  remarkable  flora  of  these  rocks.     Some  of  the  same  plants  have  bees 
met  with  in  the  Devonian  rocks  to  the  west  of  the  Arohsoan  ridge,  so  that 
there  can  be  little  doubt  of  the  contemporaneity  of  the  deposits  on  the 
two  sides.    Besides  the  abundant  vegetation  a  few  traces  of  the  faona  ^ 
the  period  have  been  recovered  from  these  Old  Bed  Sandstones.     Among 
them  are  the  remains  of  several  small  crustaceans,  including  a  minute, 
shrimp-like  Ewrypterus,  and  a    more    highly  organized    form    named 
Amphipeliis.     That  the  sea  had  at  least  occasional  access  to  the  inland 
basins  into  which  the  abundant  terrestrial  vegetation  was  washed  is 
proved  by  the  occurrence  of  marine  organisms,  such  as  a  small  annelid 
(SpirtMrbia)  adhering  to  the  leaves  of  the  plants,  and  (in  (}asp6  and  Nora 
ocotia)  by  the  occasional  appearance  of  brachiopods,  especially  Xiw^s, 
Spiri/era,  and  ChoneUs.* 


Section  IV. — Oarboniferons. 

§  1.  General    Characters. 

This  great  system  of  rocks  has  received  its  name  from  the  seama  ot 
coal  which  form  one  of  its  distinguishing  characters  in  most  parti 
of  the  world.  Both  in  Europe  and  America  it  may  be  seen  passing 
down  conformably  into  the  Devonian  and  Old  Bed  Sandstone.     8o 

*  Heer,  Q.  /.  Owl.  8oe,  xtyUL  161.    DawsoD,  Op.  eiL  ixix.  94. 
'  Geology  of  OMiada,p.  893. 

*  Dawson's  Acadian  Otology,  ohapa  xxi  and  xxlL 
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insensible  indeed  is  the  gradation  in  many  oonsecutiye  sections 
where  the  two  systems  join  each  other  that  no  sharp  line  can  there  be 
drawn  between  them.  This  stratigraphical  passage  is  likewise  in 
many  places  associated  with  a  corresponding  commingling  of  organic 
remains,  either  by  the  ascent  of  undoubted  Deyonian  species  into  the 
lower  parts  of  the  Carboniferous  series,  or  by  the  appearance  in  the 
upper  Deyonian  beds  of  species  which  attained  their  maximum 
deyelopment  in  Carboniferous  times.  Hence  there  can  be  no  doubt 
as  to  the  true  place  of  the  Carboniferous  system  in  the  geological 
record.  In  some  places,  howeyer,  this  system  is  found  resting 
unconformably  upon  Deyonian  or  older  rocks,  so  that  lociu 
disturbances  of  considerable  magnitude  occurred  before  or  at  the 
commencement  of  the  Carboniferous  period.  It  is  descrying  of 
notice  that  Carboniferous  rocks  are  yery  generally  arranged  in 
basin-shaped  areas.  This  disposition,  so  well  seen  in  Europe,  and 
particularly  in  the  central  and  western  half  of  the  Continent,  has  in 
some  cases  been  caused  merely  by  the  plication  and  subseouent 
extensiye  denudation  of  what  were  originally  wide  continuous  sheets 
of  rock,  as  may  be  obseryed  in  the  British  Isles.  But  the  remarkable 
small  scattered  coal-basins  of  France  and  Central  Germany  were 
undoubtedly  from  the  first  isolated  areas  of  deposit,  though  they 
haye  suffered,  in  some  cases  yery  greatly,  from  suosequent  plication 
and  denudation.  In  Russia  and  still  more  in  China  and  Western 
North  America,  Carboniferous  rocks  coyer  thousands  of  square  miles 
in  horizontal  or  only  yery  gently  undulating  sheets. 

Rooks. — The  materials  of  which  the  Carboniferous  system  is 
built  up  differ  considerably  in  different  regions ;  but  two  types  of 
sedimentation  haye  a  wide  deyelopment  In  one  of  these,  the  marine 
type,  limestones  form  the  preyailing  rocks,  and  are  often  yisibly 
made  up  of  organic  remains,  chiefly  encrinites,  corals,  foraminifera, 
and  molluscs.  Sometimes  these  strata  assume  a  compact  homo- 
geneous character,  with  black,  grey,  white,  or  mottled  colours, 
when  they  are  occasionally  largely  quarried  as  marble.  Local 
deyelopments  of  oolitic  structure  occur  among  them.  They  also 
assume  in  some  places  a  yellowish  dull  finely  granular  aspect  and 
more  or  less  dolomitio  conmosition.  They  occur  in  beds  sometimes, 
as  in  Central  England  and  Ireland,  piled  oyer  each  other  for  a  depth 
of  hundreds  of  feet,  and  in  Utah  for  seyeral  thousand  feet,  with  little 
or  no  intercalation  of  other  material  than  limestone.  The  limestones 
frequently  contain  irregular  nodules  of  a  white,  grey,  or  black  flinty 
chert  (phtanite),  which,  presenting  a  close  resemblance  to  the  flints 
of  the  chalk,  occur  in  certain  beds  or  layers  of  rock,  sometimes  in 
numbers  sufficient  to  form  of  themselyes  tolerably  distinct  strata. 
These  concretions  are  associated  with  the  organisms  of  the  rock,  some 
of  which,  completely  silicified  and  beautimlly  preseryed,  may  be 
found  imbedded  in  the  chert.  Dolomite,  usually  of  a  dull  yellowish 
colour,  granular  texture,  and  rough  feel,  occurs  both  in  beds  regularly 
interstratified  with  the  limestones  and  also  in  broad  wall-like  masses 
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running  through  the  limestones.      In  the  latter  cases  it  ia  STideiii 
that  the  limestone  has  been  changed  into  dolomite  along  linee  of 
joint  (p.  305) ;  in  the  former,  the  dolomite  may  be  due  to  oonteiB- 
poraneous  alteration  of  the  original  calcareous  deposit  by  the  ma^ 
nesian  salts  of  sea-water  in  the  manner  already  suggested  (p.  305). 
Traced  to  a  distance  the  limestones  are  often  found  to  grow  tihianer, 
and  to  be  separated  by  increasing  thicknesses  of  shale,  or  to  become 
more  and  more  argillaceous  and  to  pass  eyentually  into  shale.     The 
shales,  too,  are  often  largely  calcareous,  and  charged  with  fossils ;  but 
in  some  places,  assume  dark  colours,  become  more  thoroughly  argil- 
laceous, and  contain,  besides  carbonaceous  matter,  an  impi^natftoft 
of  pyrites  or  marcasite.    Where  the  marine  Carboniferous  type  dies 
out,  the  shales  may  become  largely  bituminous,  passing  even  into  coal, 
and  being  then  associated  with  sandstones,  clays,  and  ironstones. 

The  second  type  of  sedimentation  points  to  deposit  in  shallow 
lagoons,  which  at  first  were  replenished  from  the  sea,  but  afterwanh 
appear  to  have  been  brackish  and  then  fresh.    Its  most  abundant  sttmta 
are  sandstones,  which,  presenting  every  gradation  of  fineness  of  grain 
up  to  pebbly  grits,  and  eyen  (near  former  shore-lines)  conglomerates, 
are  commonly  yellow,  grey,  or  white  in  colour,  well-bedded,  sometiiiiQi 
micaceous  and  fissile,  sometimes  compact ;  often  full  of  streaks  or  lajen 
of  coaly  matter.    Next  in  abundance  are  the  shales,  commonly  black 
and  carbonaceous,  frequently  largely  charged  with  pyritous  unpicg- 
nations,  sometimes  crowded  with  concretions  of  clay-ironstona     Coal 
occurs  amon^  these  strata  in  seams  yaryin^  from  less  than  an  inch 
up  to  seyeral  feet  or  yards  in  thickness,  but  swelling  out  in  some 
rare  examples  to  100  feet  or  more.      A  coal-seam  may  consKt 
entirely  of  one  kind  of  coaL      Frequently,  howeyer,  it  contains  one 
or  more  thin  layers  or  '*  partings  "  of  shale,  the  nature  or  quality  at 
the  seam  being  alike  or  different  on  the  two  sides  of  the  parting. 
The  same  seam  may  be  a  cannel-coal  at  one  part  of  a  mineral-fidd, 
an  ordinary  soft  coal  at  a  second,  and  an  ironstone  at  a  thinL 
Moreoyer,  each  coal-seam  is  usually  underlaid  by  a  bed  of  fire-clay 
or  shale,  through  which  rootlets  branch  freely  in  all  direotioos. 
These  fire-clays,  as  their  name  denotes,  are  used  for  pottery  or  brick- 
making.      They  are  the  soil  on  which  the  plants  of  the  coal  grew^ 
and  it  was  doubtless  the  growth  of  the  yegetation  that  depriyed  them 
of  their  alkalies  and  iron,  and  thus  made  them  industrially  yaloable. 
Clay-ironstone  occurs  abundantly  in  some  coal-fields  both  in  the 
form  of  concretions  (sphserosidente)  and  also  in  distinct  layers  from 
less  than  an  inch  to  eighteen  inches  or  more  in  thickness.      The 
nodules  haye  generally  been  formed  round  some  organic  object  such 
as  a  shell,  seed-cone,  fern-frond,  &c.      Many  of  the  ironstone  beds 
likewise  abound  in  organic  remains,  some  of  them,  like  the  **  mussell- 
band ''  ironstone  of  Scotland,  consisting  almost  wholly  of  yalyes  of 
Anthracosia  or  other  shell  converted  into  carbonate  of  iron. 

The  mode  of  origin  of  coal  cannot  be  closely  paralleled  by  any 
modem  formation.    The  nearest  analogy  is  probaoly  ftirnished  by  the 
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mangrove  swamps  alluded  to  already  (p.  461).  These  masses  of 
arborescent  vegetation,  with  their  roots  spreading  in  salt  water 
among  marine  organisms,  grow  out  into  the  sea  as  a  belt  or  fringe  on 
low  shores,  and  form  a  matted  soil  which  adds  to  the  breadth  of  the 
land.     The  earlier  coal-growths  no  doubt  also  flourished  in  salt 


Fio.  834.— OABBOimnEBOus  Gobals. 

a,  Zaphrentifl  cyllndrioa  (Sooul.) ;  &,  Lithostrotion  janoeam  (Flem.),  &S  Do.  magnified 
tranB?6ne  section,  h\  Do.  magnified  longitudinal  section ;  o,  Lithostrotion  Portlooki 
(Milne  Edw.),  e\  Do.  Calyx  magnified ;  d,  GyathophyUom  StutchborTi  (Milne  Edw.) ; 
e,  Lithoatrotiou  basaltifonne  (PliiU.)  sp. 

water;  for  such  shells  as  AvmUopeeten  and  Oaniatites  are  found 
lying  on  the  coal  or  in  the  shales  attached  to  it.  Each  coal-seam 
represents  the  accumulated  growth  of  a  period  which  was  limited 
either  by  the  exhaustion  of  the  soil  underneath  the  vegetation  ^as 
may  be  indicated  by  the  composition  of  the  fire-clays)  or  by  tne 
rate  of  the  intermittent  subsidence  that  affected  the  whole  area  of 

3  A 
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coal-t^rowths.  From  the  fact  that  a  succession  of  coal-seams,  each 
representing  a  former  surface  of  terrestrial  vegetation,  can  be  seen  in 
a  single  coal-field  extending  through  a  vertical  thickness  of  10,00«} 
feet  or  more,  it  is  clear  that  the  strata  of  such  a  field  must  haye  beei 
laid  down  during  prolonged  and  extensive  subsidence.  It  has  been 
assumed  that  besides  depression,  movements  in  an  upward  direction 
were  needful  to  bring  the  submerged  surfaces  once  more  up  within  m 
limits  of  plant-growth.  But  this  would  involve  a  prolonged  aiwl 
almost  inconceivable  see-saw  oscillation ;  and  the  assumption  is 
really  unnecessary  if  we  suppose  that  the  downward  moTement, 
though  prolonged,  was  not  continuous,  but  was  marked  by  panse, 
long^enough  for  the  silting  up  of  lagoons  and  the  spread  of  coal- 
jungles.  .         .         J        LJ 

Life. Each  of  the  two  phases  of  sedimentation  just  descnwa 

has  its  own  characteristic  organic  types,  the  one  series  of  stak 

presenting  us  chiefly  with  the  fauna  of  the  sea,  the  other  naaml; 

with  the  flora  of  the  land.     The  marine  fauna  is  si)ecially  ndi  m 

crinoida,  corals,  and   brachiopods,  which   of  themselves  constitafc 

entire  beds  of  limestone.     Among  the  lower  forms  of  life  some  gene» 

of  foraminifera  have  a  wide  extension;  Saccammina,  for  exampM 

forms  beds  of  limestone  in  Britain,  and  FimUina  plays  a  still  ©ore 

important  part  in  the  Carboniferous  Limestone  of  the  r^on  from 

Bussia  to  China  and  Japan,  as  well  as  in  North  America,  while 

Nummvlina  occurs  in  the    Belgian    limestones.     The  corals  fti« 

represented  in  the  English  Carboniferous  U^ 

stone  by  some  thirty  genera,  including  wm 

100  species  belonging   to   tabulate  (Favostiei, 

Michelinia,  Alveolites,  Choetetes),  and  still  m^ 

to  rugose  forms  {Amplexus,  Zaphreniis,  Cya^ 

phyllum^  Aulophyllunif  Clmophyllum^  Liihod'^ 

tion,  Lonsdaleia,  Phillipsastraea).     The  Echino- 

derms  are  abundant  and  varied.     Thus  amoBg 

the  urchins  of  the  Carboniferous  seas  werespea^ 

of  Archseocidarisy  the  plates  and  spines  of  wh><^ 

are  of  frequent  occurrence.     The  blastoidsor 

pentremites,  which  now  took  the  place  ifl  ^ 

Carboniferous  waters  that  in  Silurian  times  ha? 

been  filled  by  the  Cystideans,  attained  their 

maximum  development.     But  it  was  the  order 

of  crinoids  that  chiefly  swarmed  in  the  seas 

armBand  upper partof   where   the   Carboniferous   Limestone  was  1^ 

Biem;6,portioii8ofthe    down,  their  separated  joints  now  mainly  co»d 

Btem ;  c,  one  of  the   p^ginnr  golid  masses  of  rock  many  huncWs  ot 

TenraS'S^  ^"""^   Lt  in  thickness.    Among  their  m^tconspictioos 

genera  were  Platycrintis,  Cyathocrinus,  P^^^^ 

erinusy    Bhodocrinus,    and     Oilbertsocrinus.      Tubioolar    anne/  "* 

abounded,  some  of  the  species  being  solitary  and  attached  to  i 

corals,  &c.,  others  occurring  in  small  clusters,  and  some  in  j 


Fio.  335.— Carbon- 
iFEBors  Cbinoid. 

GyathoorinuB       planus 
(Miller):    a.    Calyx, 
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masses  forming  beds  of  limestone.    The  chief  genera  are  SpirorUs, 
SerptUites,  Ortonia,  Vermilia}    Polyzoa  abound  in  some  portions  of 


Fio.  886. — OABBONiFKRorB  Bbaobiofod. 

o,  Bpirifera  hysterica  (Sohloth.);  6,  Do.  interior  of  dorsal  yalye,  showing  spiral  calcareoni 
supports  for  the  arms ;  c,  Terebratula  hastata  (Sow.) ;  d,  Productus  giganteus  (Martin). 

the  Carboniferous  Limestone  which  were  almost  entirely  composed  of 
them,  the  genera  Fenestdla^  Sulcoretopora,  Vincularia,  Polypara, 
Dia^oporay  and  Olauconome  being  frequent. 
Of  the  brachiopods  some  of  the  most  com- 
mon forms  are  Productus^  Spiriferay  Rhyn- 
chonella,  Athyris,  Chonetes,  Orthia,  lAngula, 
and  Dimna?  But  the  higher  molluscs  now 
begin  to  preponderate  over  the  brachio- 
pods. The  lamellibranchs  in  the  English 
Carboniferous  Limestone  number  49  genera 
and  384  species,  including  forms  of  Avicu- 
lopeeten,  Leda,  Nuculay  SariffuinoKtes,  Lepto- 
domuSy  8chizodu8y  Edmandia,  Modiola,  and 
Conocardtum.  The  gasteropods  in  the  same 
rocks  amount  to  206  species  belonging  to 
29  genera,  among  which  mwrnphalm,  Naiicay 
Pleurotomaria,  Macrocheilus,  and  Loxonema 

>  R.  Etheridge,  Jnn.,  Oeci.  Mag.  1880,  p.  110. 

'  Produeiui  is  almost  wholly  Carboniferous.  Other 
genera  had  already  existed  a  long  time ;  some  even  of 
the  species  were  of  ancient  date — Orthu  reaupiiuiia  of 
the  Carboniferous  Limestone  and  the  Deyonian  O.  Btriaiula  and  Strophomena  denreua 
had  snrriyed,  accordhig  to  Gosselet,  from  the  time  of  the  Bala  beds  of  the  Lower  Silurian 
period.    Gosselet  EBquiste,  p.  118. 

3  A  2 


FlO.  387.— OARBOKIFBBOrS 

Lamellibbanohs. 
a,  Gonocardiom  aliforme 

(Goldf.);  h,  Ayiculopeoten 
8nhlohatus(Phill.),  showing 
colour-bands. 
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are  frequent.  The  genus  Bellerophan  is  represented  by  23  species, 
among  which  B.  Urei  and  B.  aecussatus  are  frequent.  The  most 
abundant  pteropod  genus  is  Contdaria  (Fig.  339),  which  often 
attained  a  length  of  seyeral  inches.  The  cepbalopods  number  in 
Britain  148  species,  belonging  among  other  genera  to  Orthocem, 
NautUuSy  Diseites,  and  Ooniatites. 

The  Crustacea  present  a  facies  very  distinct  from  that  of  the 


FlO.  836. — CABBOKIFKBOTn  GA8TBBOFOD8. 

a,  Enomphalm  pentangulatiiB  (Sow.) ;  h,  Plearotomaria  carinata  (Sow.),  showing 

oolour-bandB. 


previous  Palaeozoic  formations.  Trilobites  now  almost  wholly  dis- 
appear, only  two  or  three  genera  of  small  forms  (Oriffiihiday 
PhilUimay  Brachymetopua)  being  left.  But  other  Crustacea  are 
abundant,  especiallv  ostracods  {Bairdiay  Kirkhya^  LeperdiHa,  Bef 
riehia),  which  crowd  many  of  the  shales  and  sometimes  even  fonn 
seams  of  limestone.  A  few  macrura  occur  not  infrequently,  narticn- 
larly  Anthrapalsemon  (Fig.  341),  Palseocranffon,  and  Pahso- 
carts,  also  severed  phyllopods  (Dithyrocaris,  Ceraticeaf^^ 
Estheria,  Leaia)  witn  the  larger  merostomatous  Euryfif^ 
and  the  king-crab  Brestwichia}  The  Carboniferous  Lime- 
stone of  the  British  Isles  has  supplied  somewhere  about 
100  genera  of  fishes,  chiefly  represented  by  teeth  and 
spines  {BsammoduSy  Cochliodus,  Cfladodtia,  Petalodus,  Cten' 
odu8,  BhizoduSy  Ctenoptychius,  &c.).  Some  of  these  were 
no  doubt  placoids  which  lived  solely  in  the  sea,  but 
many,  if  not  all,  of  the  ganoids  probably  migrated  between 
salt  and  fresh  water ;  at  least  their  remains  are  found  in 
Scotland  in  strata  full  of  land-plants,  cyprids,  and  other 
indications  of  estuarine  or  fluviatile  conditions. 

The  second  phase  of  sedimentation,  that  of  the  coai- 
swamps,  is  marked  by  a  very  characteristic  suite  of  orgaiuc 
remains.     Most  abundant  of  these  are  the  plants,  wbVli 
possess  a  special  interest  inasmuch  as  they  form  the  oldest 
terrestrial  flora  that  nas  been  abundantly  preserved.    This  flora  is 

>  Recent  researoheB  by  Bfr.  B.  N.  Peach  ^o  to  show  that  the  Carboniferoiu  I^TJ 
pienu  was  almost  certainly  a  gigantic  arachnid  and  not  a  cnistaoean.  Some  «pld>^ 
Bpecimena  of  its  scorpion-like  combs  and  feet  have  been  obtained  from  the  Lower  Cbi^ 
iferons  rooks  of  the  South  of  Scotland. 


Fia.839.— 
Cabbon- 

IFBBOrS 

Ptxbopod. 
Gonnlaria 
qnadrisol- 
oata. 
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marked  b^  a  singular  monotony  of  character  all  over  the  world,  from  the 
Equator  into  the  Arctic  Circle,  the  same  genera  and  sometimes  even 
the  same  species  appearing  to  have  ranged  over  the  whole  surface  of 


iii-iiiiiigifi^, 


Fio.  840. — Oabbonifkbous  Cephalofod6. 
a,  Nautiltis  Koninckii  (D'Orb.) ;  h,  Goniatites  crenistria  (PhiU.) ;  c,  Orthooeras  laterala 

(Phill.). 

the  globe.  It  consisted  almost  wholly  of  vascular  cryptogams,  and 
pre-eminently  of  EquisetacesB,  Lycopodiacese,  and  Ferns.  Though 
referable  to  existing  groups  the  plants  presented  many  remarkaUe 


Fio.  341. — Gabbonitkboub  Maoboubous  Cbustaokak. 
AnthiapalsBmon  Etheridgii  (Peach),  twice  nat.  size. 

differences  from  their  living  representatives.  In  particular,  save  in 
the  case  of  the  ferns,  they  vastly  exceeded  in  size  an^  forms  of  the 
present  vegetable  world  to   which  they  can  be  assimilated.    Our 


Fio.  S42. — Gabbokifeboub  Iohthtodobulite,  ob  Dobsal  Fibh-spxke. 
Ctenacanthna  hybodoides  (Egerton). 

modern  horse-tails  had  their  allies  in  hi^e  trees  among  the  Car* 
boniferous  jungles,  aud  the  familiar  cli^moss  of  our  hills,  now 
a  low  creeping  plant,  was  represented  by  tall-stemmed  Lepidodendra 
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that  roee  fifty  feet  or  more  into  the  air.  The  ferns,  howe?er, 
present  no  such  contrast  to  the  forms  still  living.  On  the  contnrr, 
they  often  recall  modem  genera,  which  they  resemble  not  mei^j 
in  general  aspect,  but  even  in  their  circinnate  yemation  and  frTU> 
tification.  With  the  exception  of  a  few  tree-ferns,  they  seem  to 
have  been  all  low-growing  plants  and  perhaps  were  to  some  extent 
epiphytic  upon  the  larger  yegetation  of  the  lagoons.     Some  of  the 


Fio.  843.— Carbonifkbous  Fish. 
Jaw  of  BhizoduB  Hibberti  (Ag.)  ep.,  one-third  nat.  bubo. 

more  common    genera   are   PaheopteriSy  Sphenopteris^   Neurofinu 
(Cfydopteris),  Odmtopteris,  Pecopteris,  Alethopteris. 

Among  the  Equisetacese,  the  genus  Calamites  is  speciaUy 
abundant.  It  usually  occurs  in  fragments  of  jointed  and  Bnelj- 
ribbed  stems.  From  the  rounded  or  blunted  base  of  the  stem 
other  stems  budded,  and  numerous  rootlets  proceeded,  whereby  tlw 
plants  were  anchored  in  the  mud  or  sand  of  the  lagoons,  where  they 


Fio.  344. — Carbonifebous  Fish. 
iSurynotuB  crenatus  (Ag.),  **  Cement-stones  "  of  Scotland  (after  Tniqiiair> 

grew  in  dense  thickets.  To  the  foliage  of  Calamites  different 
generic  appellations  have  been  attached  (Fig.  347).  The  Bantf 
AsterophylUtes  {Calamoeladua)  is  given  to  jointed  and  fluted  stenj* 
with  verticils  of  slim  bwmches  proceeding  from  the  joints  »^ 
bearing  whorls  of  long,  narrow,  pointed  leaves.  In  SpkmcM^^^ 
the  leaves  were  fewer  in  number  and  wedge-shaped ;  in  Annmrf^ 
the   close-set   leaves  were  united  at  the   base.     Calamodendro^  ^ 
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Fio.  345.— Cabbomifebous  Febn. 
Sphenopterifl  affiniB  (LindL  and  Hutt). 


Fio.  346. — Gabboniteboub  Febks. 
a,  Neuropterifl  Loehii  (Brongn.);  h,  Alethopterifi  Gibson!  (Lesq.). 
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belieyed  by  some  botanists  to  be  the  cast  of  the  pith  of  a  woodj 
stem  belonging  to  some  unknown  tree,  by  others  it  is  regarded  la 
only  a  condition  of  the  preservation  of  Catamites 

The  Lycopods  (Fig.  348)  were  represented  by  numerous  species  oi 
the  genus  Lepidodenaroji,  distinguished  by  the  quincuncial  leaf-scai^ 
on  its  dichotomous  stem.  Its  branches,  closely  covered  with  pointed 
leaves,  bore  at  their  ends  cones  or  spikes  {Lepidostrohus)  consistiog 
of  a  central  axis  round  which  were  placea  imbricated  scales  each 


Fio.  347.— A,  Annulabia  bphekophtlloides  (Zenker);  b,  Abterophtllites. 

carrying  a  spore-case.     Other  conspicuous  genera  were  Vlodendrofii 
Knorria,  LepidopMoios,  Haloniay  Cyclocladia. 

Among  the  most  remarkable  trees  of  the  Carboniferous  forests 
were  the  Sigillarioids.  The  genus  Si^Ularia  was  distinguished  by  the 
great  height  (fifty  feet  or  more)  of  its  trunk.  Its  stem  was  fluteJ. 
and  marked  by  parallel  perpendicular  lines  of  leaf-scars,  but  as  it 
grew,  these  external  markings  were  lost  (Fig.  349).  The  base  of 
the  stem  passes  into  the  roots  known  as  Stigmaria^  the  pitted  an^ 
tuberculed  stems  of  which  are  such  common  fossils  (Fig.  349,  B, 
350).      There  can   be  little  doubt,   however,  that  Stigm<iria  was  a 
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type  of  root  common  to  more  than  one  kind  of  tree.     The  genus 
Uardaitea  attained  a  great  profusion  in  the  time  of  the  Coal-measures. 


Fig.  348.— Oabbonifeboub  Ltoofods. 
a,  Lepidodendron  (i) ;  b,  Lepidostiobus,  Dftt.  size. 


Fio.  349. — A,  Sioillabia;  portion  of  decobticated  Btem;  b,  Bxoillaria  Stem 

TEBMIKATD70  IN  StIOHABIA  B0OT8  AND  B0OTLET8. 

It  carried  narrow  or  broad,  parallel-yeined  leaves,  somewhat  like 
those  of  a  Yucca,  which  were  attached  by  broad  bases  at  somewhat 
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wide  distances  to  the  stem,  and  on  their  {all  left  prominent  leaf«sL 
The  true  position  of  this  plant  is  doubtful.    It  may  haye  bea 


Fia.  350. — Stiomabia  with  attached  Bootletb. 

lycopodiaceous ;  some  botanists,  however,  have  placed  it  with  hesito- 
tion  among  the  cycads,  others  have  regarded  it  as  a  conifer.  It  bore 
spikes  or  buds  known  as  Oarpolithea.    True  Coniferae  were  probaU; 
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Fig.  351.— Contpeboxjs  Tbee-trunk  imbedded  in  Sandstone,  Cbaioldtb, 
Edinburgh  (afteb  Witham). 

abundant  on  the  drier  ground,  for  their  stems  {Dadox^loiiy  Arai»^^' 
oxtjlon,  Pinites)  have  oeen   met   with,  particularly  in  the  taff«  ^ 
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ancient  yolcanic  cones,  on  which  they  no  doubt  grew,  and  in  sand- 
stone, where  they  occur  as  drift-wood,  perhaps  from  higher  ground 
(Fig.  351).  It  should  be  remembered  that  the  flora  preserved  in 
the  Carboniferous  rocks  is  essentially  that  of  the  low  grounds  and 


Fio.  352. — Anthoutes  with  Cabdiooarpon. 

swamps.  Certain  fruits  known  as  AntholUhes  and  Gardiocarpon 
(Fig.  352),  occurring  in  great  abundance  in  some  bands  of  shale,  have 
been  regarded  as  of  coniferous  grade,  but  are  now  referred  to  the 
probably  lycopodiaceous  Cordaites,  The  fruit  known  as  Trigonocarpon 


Fig.  353.— Coal  Measube  Fishes. 

A,  OheiroduB  granuloeiui  (Young),  after  Traquair ;  b,  tooth  of  StropBodus  sauroidos 

(Binney,  sp.). 

is  supposed  to  be  coniferous,  somewhat  like  the  fruit  of  the  living 
Salisburia.  That  true  monocotyledons  existed  even  in  the  earlier 
part  of  the  Carboniferous  period,  is  proved  by  the  discovery  of  a 
number  of  spikes,  which  have  been  referred  to  the  living  oraer  of 
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AioidesB  (Poihoeiiea),  in  the  lower  part  of  the  Carboniferons  syctoa 
around  Edinburgh. 

The  animal  remains  in  the  coal-bearing  part  of  the  Carboniferooi 
rocks  are  comparatively  few.  As  already  stated,  in  certain  bands  d 
shale,  coal,  and  ironstone  in  the  lower  half  of  the  Coal-measures  un- 
doubted proofs  of  the  presence  of  the  sea  are  afforded  by  the  occuneDce 
of  some  of  the  familiar  shells  of  the  Carboniferous  Umeetone.  But 
towards  the  upper  part  of  the  Coal-measures,  where  these  mariiM 
forms  disappear,  other  lamellibranchs,  that  were  probably  denizens  of 
brackish  if  not  of  fresh  water,  occur  in  abundance.  Among'  the 
more  frequent  are  Anthracomya,  AtUhracosia,  and  Anthracop^ra, 
Crustaceans  are  chiefly  represented  by  Beyrichia  and  Esiheria,  bat 
large  eurypterid  forms  likewise  occur.  Fishes  are  found  frequently, 
remains  oi  tiie  larger  kinds  usually  appearing  in  scales,  teeth,  fin- 
spinesy  or  bones,  while  the  smaller  ganoios  are  often  preserved  entire. 


Fio.  354. — Oabbonifebous  Soorpion. 
Eosoorpius  glaber  (B.  K.  Peach),  Lower  Carboniferoua,  Eakdale,  Sootlaod. 

Common   genera  are   Ctenodiia,  Stremodtis,  Gheirodus  (Fig.  353), 
Mesolepuiy  CtenacanthuSy  Gyracanthus,  Flevracanthus,  Ctmoptychitts, 

The  presence  of  true  air-breathers  among  the  jungles  of  the 
Carboniferous  period   has    been  established   by   the   discovery   of 
numerous   specimens   of   arachnids,   insects,    and    labyrinthodonts. 
Scorpions  (Eoscorpius)  have  been  found  both  in  Europe  and  America, 
and  recently  have  been  obtained  in  great  numbers,  in  excellent  pre- 
servation, and  of  gigantic  size  in  the  Lower  Carboniferous  rocks  of 
Scotland.     Other  arachnids  occur,  including  ancient  forms  of  spider 
IProtolycosa),    Myriapods  were  represented  by  various  millipedes 
(XylobiuSf  ArchiuluSy  Etiphoheria),      True    insects    likewise    flitted 
through  these  dense  jungles,  for  the  wings  of  a  kind  of  Mav-fly 
(Eaphphlebium)y  having  a  spread  of  fully  seven  inches,  have  Seen 
found  in  Canada,  where  too  the  oldest  land-shell  (Pupa  v^usta) 
ccurs.     Several  other  genera  of  Nenroptera  are  known ;  also  some 
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Orthoptera,  including  a  fonn  of  cockroach  (Archimylacris) ;  some 
cricket-like  forms  (Qryllacris)  and  beetles.  The  wing  of  what 
has  been  supposed  to  be  a  moth  has  been  found  in  the  Belgian 
Coal-measures.*     The  British  Carboniferous  rocks  have  yielded  13 

fenera  of  labyrintliodonts  (Anthraeosaurm,  Loxomma,  Ophiderpeton, 
^holiderpeUm^  Pteropkix,  Urocordylus,  &c.V  These  were  prooably 
fluviatile  animals  of  predaceous  habits,  liying  on  fish,  Crustacea, 
and  other  organisms  of  the  fresh  or  salt  waters  of  the  coal  lagoons. 
The  larger  forms  are  believed  to  have  measured  7  or  8  feet  in 
length ;  some  of  the  smaller  examples,  though  adult  and  perfect, 
do  not  exceed  as  many  inches.^ 

Fossil  plants  have  not  hitherto  served  so  well  for  purposes  of  geo- 
logical classification  as  fossil  animals  (an<e,p.  611).  Nevertheless  M. 
Grand'Eury,  who  has  devoted  so  mucn  time  and  labour  to  the  inves- 
tigation of  the  coal-basin  of  the  Loire,  believing  that  an  undoubted 
oraer  of  succession  of  genera  and  species  of  plantsban  be  determined, 
has  subdivided  the  Carboniferous  system  into  groups  on  this  basis. 
The  following  is  a  summary  of  his  arrangement :  ^ 

Supra-Oarboniferous  Flora,  simpler  and  less  rich  than  that  below, 
showing  a  passage  into  the  Permian  flora  above,  characterized  by  a 
rapid  diminution  of  Aleihopteri$,  OdofUopteris  xenopteroideSf  Dictyapteris^ 
Annulariaf  Sphenophyllwn,  The  Galamites  are  represented  by  abundant 
individuals  of  0.  varians  and  C,  Suckomi,  also  Asierophylliies  equisetiformis  ; 
the  ferns  by  Pecopteris  ey(Uheaide$y  P.  hemitelundes,  Odontopteria  mtnor, 
O.  Schlotheimiij  several  species  of  Neuropteris^  Ssc;  the  Sigillarias  by 
S.  Brardiiy  S,  spinulosaf  and  Stigmaria  ficmdes ;  Cordaites  by  numerous 
narrow-leaved  forms ;  the  Galamodendra  by  a  prodigious  abundance  of 
some  species,  e.g.,  Cdlamodendron  histriatunij  Calamites  cruciatu8,  Arthro- 
pitus  8ii>communi8  ;  the  conifers  by  Walchia  pinni/ormis  and  some  others. 

Upper  Coal  Flora  (properly  so  called).  Calamites  often  abundant — 
C.  interruptus^  C,  Suckotmi,  C,  cannmformisy  AsterophyllUes  hippuroides^ 
Macrostaehya  infundibuliformis  (very  common),  Annularia  hrevifolia^ 
and  A.  Imgifolia  (common  throughout),  Sphenophyllum  oblongifolium. 
Ferns  richly  developed,  particularly  of  the  genera  Pecopteris  (P.  ttntto, 
argtUa,  polymorpha,  and  especially  ScMoikeimii);  Odontopteria  (O.  reichiana^ 
Brardii^  mixonewra^  xenopteroidea^  the  last  extremely  abundant);  Caulo- 
pteria  macrodiaeua,  Alethopteria  Orandini  in  great  profusion,  CaUipleridium 
{0,  ovcUwn^  ^V^»  denaifotia^  common).  Lepidodendra  have  almost  disap- 
peared ;  Sigillarisa  are  not  uncommon  (8.  rhitydoUpia^  8,  Brardii),  with 
8tigmariopaia  and  Syringodendron.  Cordaitea  occurs  in  great  abundance ;  the 
conifers  are  represented  by  Walchia  pinni/ormia  and  a  few  other  species. 
Calamodendra  occur  in  great  abundance,  especially  Calamitea  cruci<Uua, 

Upper  Coal  Flora — ^Lower  zone  (Flore  du  terrain  houiUer  aoua- 
aupSrieure). — Calamites  and  Asterophyllites  abundant  in  individuals  and 
species  (0.  Suckowii,  OiatU,  cawmformia^  variana,  approximatua,  A,  rigidua^ 

*  See  an  interesting  paper  on  Oarboniferons  uuects  by  Dr.  H.  Woodward  (Q.  J.  Oeol 
8oe,  1872,  p.  60).  where  a  liat  is  given  of  6  Bpecies  of  myriapods,  3  coleoptera,  13 
ortboptera,  and  17  neoroptera,  from  the  Goal-measures. 

'  MiaU,  BrU.  Ataoo,  1873, 1874. 

*  ^  Flore  Oarbonif^  du  De'partement  de  la  Loire  et  dn  Centre  de  la  France,'* 
OyriUe  Grand'Eury,  Paris,  1877. 
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grandU^  hippuroides)^  Annularia  radtata,  Sphenophyllum.  Among  the  ferns 
there  are  few  true  sphenopterids,  but  Neuropterts  is  common  (If.  fl&cmm, 
auricuUUa),  also  Odontopieris  (O.  reichiana,  ScMotkeimit),  PecopterU  (P. 
arboresemsy  pulchra,  candoUiana^  viUosa^  oreopieridia,  erenulaia^  aapidaidt*, 
elegans)^  (kudopieris,  Psaranius,  Lepidodendra  are  few  (L.  SternbergH, 
eleganSy  Lepidodrobus  9uthvariabili$,  LepidophloM  laridnus^  Knorria  SeUotd, 
LepidophyUum  majua).  Sigillarioid  fonns  are  likewise  on  the  wane  wbm 
compared  with  their  profusion  below  {StgiUaria  eUipUca,  CamdoBii, 
ie$$€UcUa^  degaiM^  Qroiiana,  Brardii,  spimdoaa  ;  Syringodmdrcn  c^fdosH^mA, 
diitans;  SHgmaria  fiecidea  abundant).  Cordaites,  howeyer,  now  becomes 
the  dominant  group  of  plants,  but  with  a  somewhat  ^^erent  fiuaei 
from  that  which  it  presents  in  the  middle  Ckial-measures  (CL  fromn- 
/oltiw,  0.  principdUSf  Dadoxylan  BrandUngii,  Cardiocarpon  emargmaimik, 
Qu&nerif  majua^  cvaium),  Ccdamites  crueialua  makes  its  appearance,  also 
WdchiapimU/ormia. 

Middle  Goal  Flora — Upper  Zone  {mpra-moyefmey' — Calamites 
numerous  (0.  Suckomi^  CiMti,  cannseformis,  ramomu  ;  ABterophyUites  foUomu^ 
langifolius^  grandis^  rigidus ;  Annularia  mintUa,  hrevi/olia ;  SphenopJ^mm 
aaxi/ragmfolium,  SMotheimii^  truncatum,  maju$).  Ferns  represented  bj 
Sphenopteri$  (S.  laHfolta,  irregularis,  trifoliolaia,  cristata,  &c.),  Prepeeopteris 
^maximum  of  this  genu$),  Pecapteris  (P.  abbreviata,  viUoeay  Oiatii^  oreopteridia, 
6F0.),  Oaulopteris,  Neuropteris,  and  other  genera.  Lepidodendra  are  not 
infrequent  (L^^idodendron  aculeatumj  Stembergii,  elegans,  rimoaum  ;  Lepido- 
Btr6b%C8  variaUlis;  LepidopMoios  laricinus,  LepidophyUum  majua),  and  varions 
Lyeopodites.  The  proportion  of  SigiUaria  is  always  large(i9.  Cortei, iniermedia, 
Sillimanniy  teaselkUa,  cyclostigma^  altemans,  Brangniarti,  SHgmaria  ficoides, 
ffttfior).  Pseudoaigillaria  is  abundant,  especially  P.  manoMtigma,  Cordaiies 
appears  in  some  places  abundantly  ((7.  borassifoliuty  Artina  transversa, 
Cladiscvs  SehnorrianusX  and  its  fruits  are  numeroirs  and  varied  (Ckundi(h 
carpon  emarginaium,  oroicularef  ovatum). 

Middle  Coal  Flora  (properly  so-called),  characterized  above  all  by 
the  dominant  place  of  ihe  Sigillarioids,  wluch  now  surpass  the  lepido- 
dendroids  and  form  tbe  main  mass  of  the  coal  seams.  The  genus  Sigwaria 
here  attains  its  maximum  development  {S,  Qroeseri,  angusta,  scuieOaia, 
intermedia,  elongata,  notaia,  aUemans,  rugosa,  reniformis,  leopoldina,  and 
many  more ;  Pseudosigillaria  striata,  rimosa,  monostigma  ;  SHgmaria  fieoides, 
minor),  Lepidodendroids  are  large  and  frequent  {Lmdodendron  aculeatuw^ 
obovatum,  caudatum,  rimosum,  Stembergii,  degans ;  L^pidophhios  laru^nus; 
Ulodendran  majus,  minus ;  Halonia  tubereulata,  tortuasa,  reguUms ;  Lepido- 
phyUum  majus;  Lepidostrobus  variabilis).  The  ferns  are  abundant  and 
varied ;  the  Sphenopterids  include  many  species,  of  which  Sphenopteris 
Hoeninghausii  and  tendla  are  common  (also  S,  Bronni,  SMotheimii,  temti- 
foKa,  rigida,  furcata,  elegans) ;  Alethopteris  is  very  plentiful  (A.  UmekiHca, 
Serlii,  Mantelli,  heterophyUa) ;  also  Lonchopteris  Bridi  and  L.  Boklii; 
Prepecopieris,  Pecopteris,  Megaphyton,  Neuropteris  (N.flexuasa,  LothU,  tenm- 
folia,  gigantea),  Cydopteris,  Aulacopteris,  The  calamites  are  widely 
diffused  and  abundant,  especially  Calamites  dubius,  unduUUus,  roanosut, 
decoratus,  Steinhaueri;  Aslerophyllites  subhippuroides,  grcmdis,  loHgifcihu; 
Volkmannia  Binneyana  ;  Sphenophyllum  seems  here  to  reach  its  maximum, 
characteristic  species  being  S,  emarginatum,  saxifrag«folium,  erosum, 
dentaium,  truncatum,  Schloiheimii,  Some  coals  and  shales  abound  with 
Cardiocarpon,  also  Trigonocarpon,  and  Noggerathia, 
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Middle  Coal  Flora. — Lower  zone  {Fhre  hauillere  sous-mayenne). 
Lepidodendroids  are  characteristically  abunaant  and  varied  {Lepidodendron 
actdeatum,  obovatum,  crenatum,  Haidingeri^  undtdatum,  longifoUum;  and 
Lepidaphloioa  laricinw,  intermedius^  craasicatdia ;  Ulodendron^  abundant  in 
England,  U,  dichotomum,  punctatum,  majuSy  minus^  &o. ;  HcUonia  tortuosay 
regtdaris,  &c.).  Sigillarioids  are  numerous  (SigiUaria  ocuUUa^  degana^ 
BCuteUata,  elongata,  mammillaris,  alveolaris,  reniformis ;  Stigmaria  ficoidea^ 
minor,  atelkUay  reticulata^;  Dictyoxyhn,  Lyginodendron).  Calamites  abound 
{Ckdamitea  cannseformia,  Suchotoii,  Ciatii,  decoratua,  apprommatua ;  Aatero- 
phyllitea  aubhippuroidea,  longi/oliua;  VoUcmannia  polyatachya).  Ferns  like- 
wise form  a  notable  part  of  the  flora,  especially  sphenopterids  (Spheno- 
pteria  hUfolia^  acutifoUa^  degana,  diaaecta,  fureata,  Ora^)enhoraU%,  nervoaa^ 
muricatay  obtuailcba,  trifoliatd);  also  Prepecopteria  Sileaiaca,  oxyphylla^ 
Olockeri,  dentata  ;  Megaphyton  majua ;  Pecopteria  ophiodermatica  and  other 
similar  forms.  The  neuropterids  become  abundant  {Neuropteria  hetero- 
phylla,  Loahiij  gigardea,  ienuifolia  ;  Cyclopteria  ohliqua  ;  Alethopteria  hmekitica, 
&0.),  The  abundant  Cordaitea  of  the  higher  measures  are  absent^  though 
the  fruit  CarpoUihea  occasionally  occurs. 

Infra  Coal-Measure  Flora.— (Millstone  grit,  FStage  infra-houiller), 
characterized  essentially  by  lepidodendroids  and  stigmarias.  Lepido- 
dendron  aculeatum,  chovatum,  crenatum,  brevifolium,  caudatum,  cartno^tim, 
rimoaum,  Volkmannianum  ;  Ulodendron  punctatum,  ellipticum,  majua  ;  Halonia 
tuberadoaa;  Lepidophhioa  intermediua,  laricinua,  SigiUaria  is  not  yeiy 
common,  but  8.  ocmata,  alveolaia  (Stem),  Knorriiy  trigona,  minima,  and  other 
species  occur.  The  ferns  are  more  varied  than  in  older  parts  of  the 
system,  sphenopterids  being  the  dominant  types  (^Sphenopteria  diatana, 
elegana^  tridactylitea,furcata,  diaaecta,  rigida,  divaricata,  linearia,  acuHlcba,  &c.). 
The  genus  Pecopteria  is  represented  by  a  few  species.  Neuropteria  is  com- 
paratively rare  (N.  Loahii,  tenuifolia)  Alethopteria  appears  in  the  wide- 
spread species  A.  lonchitica,  and  a  few  others.  Calamites  are  not 
relativelv  abundant  (Calamitea  undtdatua,  Steirihaueri,  communia,  cannaeformia, 
Ciatii;  Aaterophyllitea  folioauay  &o,). 

Flora  of  the  Upper  Grey  wacke. — Lepidodendroids  are  the  preva- 
lent forms  {Lepidodendron  carinalum,  polyphyUum,  volkmannianum,  rugoaum, 
caudtUum,  aculeatum,  obovatum;  Halonia  ietraaticha,  regtdaria;  Ulodendron 
ovale,  commutatum).  Stigmaria  in  several  species  occurs,  sometimes 
abundantly;  but  SigiUaria  is  rare  (8.  undulata,  Volzii,  coatata,  auhelegana, 
venoaa,  Ouerangeri,  vemeuillana).  Calamites  are  not  infrequent  (0. 
Boemeri,  Volzii,  cannaeformia,  &c.).  The  ferns  are  chiefly  sphenopterids 
(Sphenopteria  diaaecta,  elegana,  Oeradorfii,  diatana,  tridactylitea,  achiatorum ; 
Cyclopteria  tenuifolia,  Haiatngeri,fiahdUUa,  Prepecopteria  aapera,  aubdeniata; 
Neuropteria  heterophylla,  Loahii). 

Flora  of  the  Culm,  characterized  by  the  abundance  of  lepidoden- 
droids of  the  type  of  X.  veltheimianum  (with  Knorria  imbricata),  by  the 
number  of  Bomia  tranaitionia,  associated  with  Calamitea  Boemeri,  Stigmaria 
ficoidea  (and  other  species),  and  by  the  abundance  of  the  paleeopterid  ferns 
{PalsBopteria  Machaneli,  antiqua,  diaaecta,  (Sphenopteria)  ajfinia  (Fig.  345) ; 
Cardiopteria  frondoaa ;  Bhodea  divaricata,  elegana,  moravica ;  Sphenopteria 
Oopperti,  Schimperi,  &c.). 

Carboniferous  Limestone  Flora. — The  palsBopterid  ferns  reach  a 
maximum  (Pcdaeopteria  inaeguilatera,  lAndaeeeformia,  polymorpha,  /ran* 
doaa),    Sphenopterid  forms  are  found  in  Sphenopteria  bifida^  lanceolata, 
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confertifolia.  The  old  genus  Cydaiigwui  here  disappears  (C. 
NathoriUi).  The  more  characteristie  lepidodendroids  are  Lepidademdrwm 
weikianum,  tfeliheimianum,  squamomm;  Knorria  imhrieaia,  acicmlariM,  The 
flora  includes  also  Stigmaria  ficoide^,  rugoaa  ;  Borma  tranmtiomi*  .*  Asten*^ 
pkyUHes  elegans,  &c, 

i  2.  Local  Development. 

The  European  development  of  the  Carboniferous  sTstem  pretat^ 
certain  well-marked  local  types  which  bring  clearly  before  the  mind  soom 
of  the  ge(^raphical  features,  as  well  as  the  succession  of  ge<dogical  dianges. 
During  the  earlier  half  of  the  Carboniferous  period  there  sdll  lay  mach 
land  towards  the  north  and  north-west,  whence  a  continuous  supply  of 
sandy  and  muddy  sediment  was  derived*  A  sea  of  moderate  depth 
and  clear  water  extended  from  the  Atlantic  across  the  site  of  Central 
Lreland,  the  heart  of  England,  and  Belgium  into  Westphalia.  The 
southern  margin  of  this  ancient  Mediterranean  was  probably  formed  by 
the  ridge  of  older  Palaeozoic  and  crystalline  rocks,  which,  extending  froa 
the  west  of  England  into  the  Boulonnais,  and  from  Brittany  into 
Central  France,  sweeps  eastward  by  the  uplands  of  the  Ardennes, 
Hundsmck,  Taunus,  and  Thuringer  Wald  into  Saxony  and  Silesia.  Li 
the  deeper  and  clearer  water  massive  beds  of  limestone  aocumolated ; 
but  towards  the  land,  at  least  on  the  north  side  of  the  sea,  there  was 
an  increasingly  abundant  deposit  of  sand  and  mnd,  with  occasional  seeiBs 
of  coal  and  sheets  of  limestone,  llie  whole  region  underwent  alow 
subsidence  and  infilling  of  sediment,  until  at  last  vast  marshes  and 
jungles  occupied  tracts  that  had  been  previously  sea.  By  degreee  the 
lower  parts  of  the  surrounding  land  were  likewise  submerged  beneath 
the  accumulating  coal-growths,  which  consequently  spreiul  over  the 
sinking  areas.  Hence  while  across  the  central  portions  of  the  Carbon- 
iferoQB  region  the  normal  succession  of  strata  presents  a  lower  marine 
division  consisting  mainly  of  limestone,  and  an  upper  brackish-water 
division  composed  of  sandstones,  shales,  and  coal  seams,  the  marginal 
tracts  show  nardly  any  limestone,  some  of  them  indeed,  as  in  Central 
France,  containing  only  the  very  highest  part  of  the  upper  division. 

The  British  Isles.^ — This  general  sequence  is  well  illustrated  in  the 
structure  of  the  Carboniferous  rocks  of  Britain — an  area  sufficiently 
extensive  to  contain  more  than  one  type  of  the  system,  and  thus  to  cast 
interesting  light  on  the  varied  geographical  conditions  under  which  the 
rocks  were  accumulated.  As  the  land  whence  the  chief  supplies 
of  sediment  were  derived  rose  mainly  to  ihh  north  and  north-west, 
while  the  centre  of  England  and  Ireland  lay  under  clear  water  of 
moderate  depth,  the  sea  shallowed  northwards  into  Scotland^  and  its 
bottom  was  covered  with  constantly  accumulating  banks  of  sand  and 
sheets  of  mud.  Hence  vertical  sections  of  the  Carboniferous  system 
of  Britain  differ  greatly  according  to  the  districts  in  which  they  ai« 
taken.    The  subjoined  table  may  be  regarded  as  expressing  the  typical 

*  Detailed  information  regmrding  Britith  Oarboniferout  rocks  will  be  found  ia  t^ 
Memoin  of  the  Oeohgieal  Survey,  Bee  also  Phillips'  ''Geology  of  Yorkshire*"  Half* 
**  Coal  Fields  of  Great  Britain,"  and  papers  by  Prestwioh  (QeoL  T^wu.  2Dd  ser.  rX  Seds^ 
wick  {Op.  cU.  ir..  Q.  /.  QeoL  8oe,  ▼liL,  Froe.  Oeol.  8oe.  ii.X  Binney  (Q.  /.  GecL  SoTn. 
zviii.),Kirk  by  (Op,  cit.  xxxri.).  Green  and  Russell,  **  Geology  of  Yorkshire  OoalMd  ' 
in  Mem,  QeoL  8urv. 
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subdivisions  which  can  be  recognized,  with  modifications,  in  all  parts  of 
the  oonntry : 

rRed  and  grey  Bandstones,  clays,  and  sometimea  breooias,  with 
oocaaiooal  aeams  and  streaka  of  ooal  and  Spirorbia  limestone 
{Cythere  inflaia^  Spirorbis  carbonariua). 
Middle  or  chief  ooat-bearing  series  of  yellow  saDdstones,  clays, 
Coal-measnres*     and  shales,  with  numerous  workable  coals  (AfUhraeo9i€tj  AtUhra- 
eomytit  Beyriehia,  EriheriOj  Spirorbia,  Ac), 
(bannister  b^ls,  flagstones,  shales,  and  thin  coals,  with  hard'sili- 
oeous  (gannister)  pavements  (Orfkoeeratj  OoniatiteSf  PosidoniOy 
\    Avieulopeeten,  Linmda,  &c.). 
Millstone  Grit  Grits,  flagstones,  and  shales,  with  thin  seams  of  coal. 

Toredale  group  of  shales  and  grits  passing  down  into  dork 
shales  and  limestones  (GoniatiUB,  Atioulopectenj  Poaidonomya^ 
LinguUi,  Diteina,  Ac). 
Thick  (Scaur  or  Main)  limestone  in  south  and  centre  of  Eng- 
land and  Ireland,  passing  northwards  into  sandstones,  shales. 
Carboniferous      and  coals  (abundant  corals,  poljzoans,  braohiopods,  lameUi- 
Limestone^     branchs,  &o.). 

series  Lower  Limestone  Shale  of  south  and  centre  of  England  (marine 

fossils  like  those  of  overlying  limestone).  The  Caloiferous 
Sandstone  group  of  Scotland  (marine,  estuarine,  and  terrestrial 
organisms),  represents  the  Lower  Limestone  Shale  and  lower 
pc^  of  the  English  Mountain  Limestone,  and  graduates  down- 
ward insensibly  into  the  Upper  Old  Red  Sandstone. 

Clarbomferous  Limestone  series  and  local  equivalents, — In  the  south-west 
of  England,  and  in  South  Wales,  the  Carboniferous  system  passes  down 
conformably  into  the  Old  Bed  Sandstone.  The  passage  beas  consist  of 
yellow,  green,  and  reddish  sandstones,  green,  grey,  red,  blue,  and 
variegated  marls  and  shales,  sometimes  fall  of  terrestrial  plants.  They 
are  well  exposed  on  the  Pembrokeshire  coasts,  marine  fossils  being  there 
found  even  among  the  argillaceous  beds  at  the  top  of  the  Bed  Sandstone 
series.  They  occur  with  a  thickness  of  about  600  feet  in  the  gorge  of 
the  Avon  near  Bristol,  but  show  less  than  half  that  depth  about  the 
Forest  of  Dean.  At  their  base  there  lies  a  bone-bed  containing 
abundant  palatal  teeth.  Not  &r  above  this  horizon  plant-bearing  strata 
are  found.  Hence  these  rocks  bring  before  us  a  mingling  of  terrestrial 
and  marine  conditions.  In  Yorkshire,  near  Lowther  Castle,  Brough,  and 
in  Bavenstonedale,  alternations  of  red  sandstones,  shales,  and  clays, 
containing  Stigmaria  and  other  plants,  occur  in  the  lower  part  of  the 
Carboniferous  Limestone.  Along  the  eastern  edge  of  the  Silurian  hills  of 
ihe  Lake  district,  what  is  commonly  regarded  as  the  Old  Bed  Sandstone 
appears  here  .and  there,  and  passes  up  through  a  succession  of  red  and 
grey  sandstones,  and  green  and  red  shales  and  marls  with  plants,  into  the 
base  of  the  Carboniferous  Limestone.  It  is  highly  probable,  however,  that 
these  red  strata  occur  on  many  successive  horizons ;  so  that  they  should 
be  regarded  not  as  marking  any  particular  period,  so  much  as  indicating 
the  recurrence  of  certain  peculiar  littoral  conditions  of  deposit  (p.  717). 

In  the  south  and  south-west  of  England,  and  in  South  Wales,  the  base 
of  the  Carboniferous  svstem  consists  of  certain  dark  shales  known  as 
Lower  Limestone  Snale,  in  which  a  few  characteristic  fossils  of  the 
Carboniferous  Limestone  o<;cur.  These  basement  beds  vary  up  to  rather 
more  than  400  feet  in  thickness.  They  are  overlaid  conformably  by  the 
thick  mass  of  limestone,  which  in  Britain  and  Belgium  forms  a  most 
characteristic  member  of  the  Carboniferous  system. 

On  referring  to  a  geological  map  of  England  it  will  be  seen  that  from 
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Northumberland  southwards  to  the  low  plains  in  the  centre  of  ^Rugb^j 
there  runs  a  ridge  of  high  ground,  formed  by  a  great  ai^ticliiwi»  aloa^ 
which  the  Carboniferous  Limejstone  appears  at  intervals  from  under- 
neath higher  members  of  the  system.  In  this  northern  Carboniferxnu  •!«% 
of  which  the  axis  is  known  as  the  Pennine  Chain,  the  limestone  attaiia  ill 
greatest  development.  In  one  portion  of  the  district  it  reaches  a  depth 
of  4000  feet,  and  yet  its  actual  base  is  nowhere  seen,  lliis  Pennine 
region  appears  to  have  been  the  area  of  maximum  depressicm  during  the 
early  part  of  the  Carboniferous  period  in  Britain.  Traced  towards  the 
south-west,  the  limestone  diminishes  to  sometimes  not  more  than  bOi) 
feet  in  South  Wales.  Northwards,  losing  its  character  as  a  xaumre 
calcareous  fonnation,  it  is  split  up  by  intercalations  of  sandstone,  sittk. 
coal,  &c.,  until  actual  limestone  becomes  a  very  subordinate  membv  of 
the  series  in  central  Scotland. 

Where  typically  developed,  the  Carboniferous  Limestone  is  a  naaanre 


a<       _ 

ranges  of  hills,  whence  its  original 
contains  occasional  scattered  inegular  nodules  and  nodular  beds  of  dark 
chert  (phtanite).  Though  it  is  abundantly  foesiliferous,  little  has  jci 
been  done  in  working  out  in  detail  the  successive  life-zones  of  this  great 
mass  of  rock,  as  has  been  done  so  well  for  the  corresponding  lime- 
stone series  of  Belgium.  The  fossils  commonly  stand  out  on  ^weathered 
surfaces  of  the  rock,  but  microscopic  investigation  shows  that  evci 
those  portions  of  the  mass  which  appear  most  structureless  comist 
of  the  crowded  remains  of  marine  organisms.  The  limestone  may  be 
regarded  as  derived  almost  entirely  from  the  organic  debris  of  a  sm- 
floor.  Diversities  of  colour  and  lithological  character  occur,  ^wberebr 
the  bedding  of  the  thick  calcareous  mass  can  be  distinctly  seen.  Bm 
and  there  a  more  marked  crystalline  structure  has  been  sopms- 
duced ;  while  along  lines  of  principal  joints  the  rock  on  either  side  fir  i 
breadth  of  20  or  30  fathoms  is  converted  into  yellowish  or  brown  dolosute 
or  *'  dunstone  "  (see  p.  305^.  In  Derbyshire,  sheets  of  contemporaneow 
lava,  locally  termed  ''  toaostone,"  are  interpolated  in  the  CarbonifHoai 
Limestone.  Other  evidences  of  contemporaneous  volcanic  acticm  havv 
been  noted  by  Mr.  J.  Home  in  the  Isle  of  Man,  but  it  is  in  Scotland,  m 
will  be  immediately  referred  to,  that  the  most  remarkable  pioofii  d 
abundantly  active  Carboniferous  volcanoes  have  been  preserved. 

In  the  Carboniferous  areas  of  the  south-west  of  £nffland  and  Sosth 
Wales,  the  limits  of  the  Carboniferous  Limestone  are  well  defined  by  the 
Limestone  Shale  below,  and  by  the  Farewell  Eock  or  Millstone  Qrit  aiMy««i 
In  the  Pennine  area,  however,  the  massive  limestone  is  succeeded  by  a 
series  of  shales,  limestones,  and  sandstones,  known  as  the  Toredale 
group.  These  cover  a  large  area  and  attain  a  great  thickness.  In  Nar^ 
Staffordshire  they  are  2300  feet  thick,  which,  added  to  the  4000  feet  of 
limestone  below,  gives  a  depth  of  6300  feet  for  the  whole  Oirbonifefxiiii 
Limestone  series  of  that  region.  In  Lancashire  the  Yoredale  roda 
attain  still  more  stupendous  dimensions,  Mr.  Hull  having  found  ihem  to 
be  no  less  than  4500  feet  thick.  Both  the  lower  or  main  (Scaur)  lime- 
stone and  the  Yoredale  group  pass  northwards  into  sandatODfia  aai 
shales,  with  coal-seams,  and  diminish  in  thickness. 

Tiaoed  northwards  into  Scotland  the  Carboniferous  LimestcMie  under- 
goes a  rapiarkable  petrographical  and  palseontological  change,     Iti 
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massiye  limestones  dwindle  down  and  are  replaced  by  thick  conrses  of 
yellow  and  white  sandstone,  dark  shale,  and  seams  of  coal  and  ironstone, 
among  which  only  a  few  thin  sheets  of  limestone  are  to  be  met  with. 
Scottish  geologists  have  divided  the  lower  half  of  their  OEurboniferous 
system  into  two  well-marked  series — ^the  Galciferous  Sandstones  and  the 
OarboniferoxLs  Limestone.  The  Calciferons  Sandstone  series  is  com- 
posed of  two  groups  of  strata — the  lower  of  which  or  Red  Sandstone 
gronp  consists  of  red,  white,  and  yellow  sandstones,  bine,  grey,  green, 
and  red  marls  or  clavs,  while  the  upper  or  Cement-stone  group  is  made 
up  of  white  and  yellow  sandstones,  blue  and  black  shalee,  tnin  coals, 
seams  of  limestone  and  cement-stone,  and  abundant  volcanic  rocks.  The 
red  sandstones  pass  down  into  the  Upper  Old  Bed  Sandstone,  with  which 
indeed  they  might  be  classed,  and  from  which  they  differ  merely  in  the 
less  intensity  of  their  colour,  in  the  frequent  grey  and  purplish  tints 
they  assume,  and  in  the  absence  of  the  deep  brick-red  marls  so  marked  in 
the  Upper  Old  Eed  Sandstone.  In  the  west  of  Scotland,  as  above  (p.  716) 
stated,  there  occur  among  the  red  sandstones  (some  of  which  contain 
TJp^r  Old  Eed  Sandstone  fishes')  bands  of  limestone  full  of  true  Car- 
boniferous Limestone  corals  and  orachiopods.  Hence  it  is  evident  that 
the]  Carboniferous  Limestone  fauna  had  already  appecured  outside  the 
British  area  before  the  final  cessation  of  the  peculiar  conditions  of 
sedimentation  of  the  Old  Bed  Sandstone  period.  It  was  not  how- 
ever until  these  conditions  had  disappeared  tnat  the  sea  began  to  invade 
the  lakes  and  creep  over  the  sinking  land  of  this  part  of  Britain,  and  to 
bring  with  it  the  abundant  Carboniferous  &una.  The  Calciferons 
San^tones  of  Scotland  represent  a  phase  of  sedimentation  contempo- 
raneous with  the  deposition  of  the  Lower  Limestone  Shale  and  lower 
portion  of  the  Carboniferous  Limestone  of  England. 

One  of  the  most  singular  features  of  the  Lower  Carboniferous  rocks  of 
Scotland  is  the  prodigious  abundance  of  the  intercalated  volcanic  rocks. 
So  varied  indeed  are  the  characters  of  these  masses  and  so  manifold  and 
interesting  is  the  light  they  throw  upon  volcanic  action  that  the  region 
may  be  studied  as  a  typical  one  for  this  class  of  phenomena.  (See  Book  IV; 
Part  vii.  Sect,  i.)  Sections  are  abundant  inland  on  the  sides  of  the  hills 
and  in  the  stream-courses,  while  along  the  sea-shore  the  rocks  have  been 
admirably  exposed.  The  most  persistent  zone  of  volcanic  rocks  in  the 
whole  of  the  Scottish  Carboniferous  series  is  that  which  succeeds  the  lower 
or  red  sandstone  group  of  the  Calciferons  Sandstones.  Composed  of 
successive  sheets  of  porphyrites  and  tuf&,  it  sweeps  in  long  isolated 
ranges  of  hills  from  Arran  and  Bute  on  the  west  to  the  mouth  of  the 
estuary  of  the  Forth  on  the  east,  and  from  the  Campsie  Fells  on  the  north 
to  the  heights  of  Ayrshire  and  still  farther  south  in  Berwickshire, 
Liddesdale,  and  the  English  border.  These  volcanic  sheets  sometimes 
reach  a  thickness  of  1500  feet.  That  they  belong  to  the  Carboniferous 
system  is  shown  by  the  occurrence  of  shales  and  sandstones  (with  Car- 
boniferous plants)  at  their  base.  They  show  that  the  early  part  of  the 
Carboniferous  period  in  Scotland  was  marked  by  a  prodigious  volcanic 
activity,  followed  Inr  the  prolonged  subsidence  required  for  the  accumula- 
tion of  the  Carboni&rous  system. 

Above  this  volcanic  zone  lies  the  Cement-stone  group  or  upper  sub- 
division of  the  Calciferons  sandstones.  In  Berwickshire  and  the  west  of 
Scotland  it  consists  of  thin-bedded  white,  yellow,  and  green  sandstones, 
S^^Jt  green,  blue,  and  red  clays  and  shales,  with  thin  bands  of  pale 
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argillaceons  limestone  or  cement-stone.     Seams  of  gypwua 
appear.      These  strata  are,  on  the  whole,  singalarlj  bazrc 
remains.     They  seem  to  ha^e  been  laid  down  with  great  i 
without  disturbance,  in  enclosed  basins,  which  were  not  w«U  fitted  df 
the  snpport  of  animal  life,  though  fragmentary  plants  serine  to  Avw 
that  the  adjoining  slopes  weie  covered  with  vegetatioa.     Ia  the  hmmm  of 
the  Firth  of  Forth,  however,  the  group  presents  a  different  litlM>locies2 
aspect  and  is  abundantly  fossilifercms.     It  there  usuaDj    1 1  ■fists  vf 
Tellow,  grey,  and  white  sandstones,  with  blue  and  blade  ahaWm^  day- 
ironstones,  limestones,  *'  cement-stones,"  and  oocasionsl  Hoama  of  eoaL 
The  sandstones  form  excellent  building  stones,  the  city  of  Bdinbcrgk 
having  been  built  of  them.     Some  of  the  shales  are  so  bitamiiKMa  as  to 
yield,  on  distillation,  from  30  to  40  gallons  of  crude  petroleum  to  lh^  ton 
of  sbale ;  they  are  consequently  largely  worked  for  the  mannfactiirs  cf 
mineral  oils.    The  limestones  are  usually  dull,  yellow,  and  a^om^-fgniattA, 
in    seams  seldom  more  than  a  few  inches  thid^  and  gradiwte  br 
addition  of  carbonate  of  iron  into  cement-stone ;  but  occasioiially  tkey 
swell  out  into  thick  lenticular  masses  like  the  well-known  limcahaie 
of  Burdie  House,  so  long  noted  for  its  remarkable  fossil  fishes.      Tha 
limestone  appears  to  be  mainly  made  of  the  crowded  cases  oi  a  ssnll 
ostracod  crustacean  {Leperdiita  dkeni,  var.  Scoto-Bwrdigdlenns).     The  cost- 
seams  are  few  and  commonly  too  thin  to  be  workable,  though  one  of  then, 
known  as  the  Houston  coal,  has  been  mined  to  some  extent  in  Lonlith- 
gowshire.    The  fossils  of  the  cement-stone  group  indicate  an  altematioa 
of  fresh  or  brackish  water  and  marine  conditions.    They  include  nmas- 
rous  plants,  of  which  the  most  abundant  are  SpkenopierU  aJmU  (Fif. 
845),  Lepidodendron  (two  or  three  species),  Lepiaotlrcbus  variabiUM  (Fi^. 
848,  &),  Araucarioxylan,   Some  of  the  shales  near  Edinburgh  have  afFbcded 
a  few  Bpecimens  of  a  true  monocotyledon  allied  to  the  modem  Pothos 
(Pothoctte9  OranUmt)»    Ostracod  crustaceans,  chiefly  the  LeperdiHa  abofv 
mentioned,  crowd  many  of  the  shales.    With  these  are  usually  associated 
abundant  traces  of  the  presence  of  fish,  either  in  the  form  of  oc^roiitea 
or  of  scales,  bones,  plates,  and  teeth.    The  following  are  charmcteristie 
species :  ElonicJUhys  8triolatu$f  E.  Bchiioni,  Mhadiniehih^  amaiitnsws,  JVsaw- 
iovtychiua  Oreenockii,  Eurynotu$  crenaius  (Fig.   844),  Bhizodua  HMtrH, 
MegaUchthya  sp.,   Oyracanthui  iuberculatua,   Ctenopiychiua  pecUnaima,     At 
intervals  throughout  the  group  marine  horizons  occur,  usually  as  sbak 
bands  marked  by  the  nresence  of  such  distinctively  Carboniferous  Liaie- 
stone  species  as  Spirarbia  carhonariua,  Diacina  nUida,  lAnguia  aqmtwH/orwm, 
Bellerophon  decuaaaiua,  and  Orthoceraa  eylindr<iceum. 

The  Cement  stone  group  of  the  basin  of  the  Firth  of  Forth  oca- 
tains  a  great  number  and  variety  of  associated  volcanic  masses.  At  the 
time  when  it  was  accumulating,  the  region  of  shallow  lagoons,  islets,  and 
coal-growths  was  dotted  over  with  innumerable  active  volcanic  vMita 
The  eruptions  continued  into  the  time  of  the  Carboniferous  Limestone, 
but  ceased  before  the  deposition  of  the  Millstone  Orit  The  lavas  are 
chiefly  varieties  of  basalt-rocks,  sometimes  coarsely  ciystalline  and  evn 
granitoid  in  texture,  and  graduating  through  intermeoiate  stages  to  tme 
close-grained  compact  bi^ts,  which  neiUier  externally  nor  in  micro- 
scopic structure  differ  from  basalt  of  Tertiary  date.  Among  them  aho 
are  felsites  and  porphyrites.  The  tuffs  present  many  varieties,  one  of  the 
most  interesting  being  an  ancient  form  of  palagonite-tufil^ 

The  Carboniferous  Limestone  series  of  Scottish  geologists,  probsUy 
1  See  Tram,  Boy.  8oo.  Edin,  xxix.  p.  437.  and  atUe^  p.  M7,  H  9tq. 
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represeiitin^  the  upper  parfc  of  the  typical  formation  in  Central  England, 
oonBista  mainly  of  sandatones,  shales,  fire-olays,  and  ooal-seams,  with  a  few 
comparatively  thin  seams  of  encrinal  limestone.  The  thickest  of  these 
limestones,  known  as  the  Hnrlet  or  Main  limestone,  is  nsnally  ahont  6 
feet  in  thickness,  hut  in  the  north  of  Ayrshire  swells  out  to  100  feet, 
which  is  the  most  massive  bed  of  limestone  in  any  part  of  the  Scottish 
Carboniferous  system.  One  of  a  group  of  limestone  beds  at  the  base 
of  the  series,  it  lies  upon  a  seam  of  coal,  and  is  in  some  placea  associated 
with  pyritous  shales,  which  have  been  largely  worked  as  a  source  of 
alum.  This  superposition  of  a  bed  of  marine  limestone  on  a  seam  of 
coal  is  of  frequent  occurrence  in  Scotland.  Above  these  lower  lime- 
stones comes  a  thick  mass  of  strata  containing  many  valuable  coal-seams 
and  ironstones  (Lower  or  Edge  Coals).  Some  of  these  strata  are  full 
of  terrestrial  plants  {Lepidockndron^  Sigillaria^  Stigmaria^  Sphenopteria^ 
Aleihopteris) ;  others,  particularly  the  ironstones,  contain  marine  shells, 
such  as  lAngtda^  Discinay  Ledoy  Myalina^  Euomphahu,  Numerous  remains 
of  fishes  have  been  obtained,  more  especially  from  some  of  the  ironstones 
and  coals  (OyrticafUhus  formosua  and  other  placoid  fin-spines,  MegaUekthyB 
Hihbertiy  Bhizodw  HibberH^  with  species  of  EUmickikyB^  Aeanihodes^ 
CienoptychiuB^  Ssc).  Bemains  of  labyrinthodonts  have  also  been  found 
in  this  group  of  strata,  and  have  been  detected  even  down  in  the  Burdie 
House  limestone.  The  highest  division  of  the  Scottish  Carboniferous 
Limestone  series  consists  of  a  group  of  sandstones  and  shales,  with  a  few 
coal-seams,  and  three,  sometimes  more,  bands  of  marine  limestone* 
Although  these  limestones  are  each  seldom  more  than  3  or  4  feet  thick, 
they  have  a  wonderful  persistence  throughout  the  coal-fields  of  central 
Scotland.  As  already  mentioned  (p.  492),  they  can  be  traced  ovei  an 
area  of  at  least  1000  square  miles,  and  they  probably  extended  originally 
over  a  considerably  greater  region.  The  Hurlet  limestone  with  its 
underlying  coal  can  also  be  foUowed  across  a  similar  extent  of  country. 
Hence  it  is  evident  that  during  certain  epochs  of  the  Carboniferous 
period  a  singular  uniformity  of  conditions  prevailed  over  a  large  region 
of  deposit  in  the  oentre  of  Scotland. 

The  difference  between  the  lithological  characters  of  the  Carboniferous 
Limestone  series,  in  its  typical  development,  as  a  great  marine  formation, 
and  in  its  arenaceous  and  argillaceous  prolongation  into  the  north  of 
England  and  Scotland,  has  long  been  a  familiar  example  of  the  nature  and 
ap^cation  of  the  evidence  famished  by  strata  as  to  former  geographical 
conditions.  It  shows  that  the  deeper  and  clearer  water  of  the  Carbon- 
iferous sea  spread  over  the  site  of  Yorkshire,  Derbyshire,  and  Lancashire ; 
that  the  land  lay  to  the  north,  and  that,  while  the  whole  area  was  under- 
going subsidence,  the  maximum  movement  took  place  over  the  area  of 
deeper  water.  The  sediment  derived  from  the  north  during  the  time  of 
the  Carboniferous  Limestone  seems  to  have  sunk  to  the  bottom  before  it 
could  reach  the  great  basin  in  which  foraminifers,  corals,  crinoids,  and 
molluscs  were  building  up  the  thick  calcareous  deposit.  Yet  the  thin 
limestone  bands,  which  run  so  persistently  among  the  Lower  Carbon- 
iferous rocks  in  Scotland,  prove  that  there  were  occasional  episodes 
during  which  the  sediment  ceased  to  arrive,  and  when  the  same  species 
of  Bhells,  corals,  and  crinoids  spread  northwards  tqwards  the  land,  form- 
ing for  a  time  over  the  sea-bottom  a  continuous  sheet  of  calcareous  ooze 
like  that  of  the  deeper  water  further  south.  These  intervals  of  limestone 
growth  no  doubt  point  to  times  of  more  rapid  submergence,  perhaps  also 
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to  other  geographical  changes  whereby  the  Bediment  was  for  a  time 
prevented  from  spreading  so  far. 

Viewed  as  a  wnole,  therefore,  the  Oarboniferons  Limestone  series  of  the 
northern  part  of  the  British  area  contains  the  records  of  a  long-ccmtinTied 
but  intermittent  process  of  subsidence.  The  numerous  coal-seams  with 
their  under-days  were  undoubtedly  surfaces  of  vegetation  that  grew  in 
luxuriance  on  the  wide  marine  mud-flats,  and  mark  pauses  in  the 
subsidence.  Perhaps  we  may  infer  the  relative  length  of  these  pauses 
from  the  comparative  thicknesses  of  the  ooalnseams.  The  overlying  and 
intervening  sandstones  and  shales  indicate  a  renewal  of  the  downward 
movement,  and  the  gradual  infilling  of  the  depressed  area  with  Bedi- 
ment, until  the  water  once  more  shoaled,  and  the  vegetation  from 
adjacent  swamps  spread  over  the  muddy  flats  as  before.  The  oocasiiniil 
limestones  serve  to  mark  epochs  of  more  prolonged  or  more  Vapid  sob- 
sidence,  when  marine  life  was  enabled  to  flourish  over  the  site  of  the 
submerged  forests.  But  that  the  sea,  even  though  tenanted  in  theee 
northern  parts  by  a  limestone-making  fauna,  was  not  so  clear  and  well 
suited  for  the  development  of  animal  life  during  some  of  these  submer- 

gences  as  it  was  further  south,  seems  to  be  proved  by  the  paucity  and 
warfed  forms  of  the  fossils  in  the  thin  limestones,  as  well  as  by  the 
admixture  of  clay  in  the  stone. 

L'oland  presents  a  development  of  Carboniferous  rocks,  which  on  the 
whole  follows  toleittbly  closely  that  of  the  sister  island.  In  the  northern 
counties  the  lowest  members  are  evidently  a  prolongation  of  the  type  of 
the  Scottish  Calciferous  Sandstones.  In  the  southern  districts,  how- 
ever, a  very  distinct  and  peculiar  facies  of  Lower  Carboniferous  rocks  is 
to  liC  remarked.  Between  the  top  of  the  Old  Red  Sandstone  and  the 
base  of  the  Carboniferous  Limestone  there  occurs  in  the  county  of  Cark 
an  enormous  mass  (fully  5000  feet)  of  black  and  dark-grey  shales,  impnre 
limestones,  and  grey  and  green  grits  and  true  cleaved  slates.  To  these 
rocks  the  name  of  Carboniferous  Slate  was  given  by  Griffith.  They 
contain  numerous  Carboniferous  Limestone  species  of  brachiopods, 
echinoderms,  <&c.,  as  well  as  traces  of  land-plants  in  the  grit  bands.  Great 
though  their  thickness  is  in  Cork,  they  rapidly  change  their  lithological 
character,  and  diminish  in  mass  as  they  are  traced  away  from  that 
district.  In  the  almost  incredibly  short  space  of  15  miles,  the  whole  <^ 
the  5000  feet  of  Carboniferous  Slate  of  Bantry  Bay  seems  to  have 
disappeared,  and  at  Kenmare  the  Old  Bed  Sandstone  is  followed  im- 
mediately and  conformably  by  the  Limestone  with  its  underlying  shala 
Mr.  Jukes  held  that  the  Carboniferous  Slate  is  the  equivalent  of  part 
of  the  Devonian  rocks  of  Devon  and  Cornwall. 

The  Carboniferous  Limestone  swells  out  to  a  vast  thickness,  and 
covers  a  large  part  of  Ireland.  It  attains  a  maximum  in  the  west  and 
south-west,  where,  according  to  Mr.  Einahan,^  it  consists  in  Limerick  ofibo 
following  subdivisions :  f^et 


Upper  (B««n)Lunestone    .(5.1^,^*^" 


^Cherty  zone 


Upper  (C.lp)IMe.tone       .{^tjXne'"'*  •^'*', 
Fene$teUa  limestone 


Lower  Limestone 
Lower  Limestone  Shale 


Lower  cherty  zone 
Lower  shaly  limestones 
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»  Geology  of  Ireland,  p.  72.  ^^ 
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The  chert  (phtanite)  bcmda  whioh  form  suoh  marked  horizons  among 
these  limestones  are  counterparts  of  others  fonnd  ahundantly  in  the 
Carboniferous  Limestone  of  England  and  Scotland.  They  have  been 
recently  studied  by  Messrs.  Hull  and  Hardman,  who  have  found  them  full 
of  siliceous  replacements  of  calcareous  foraminifers,  crinoids,  &c.,  and  who 
regard  them  as  due  to  a  chemical  alteration  on  the  floor  of  the  Oarboni- 
ferous  sea«  Portions  of  the  limestone  have  a  dolomitic  character,  and 
sometimeB  are  oolitic.  Great  sheets  of  melaphyre,  felstone,  and  tuff,  repre- 
senting volcanic  eruptions  of  contemporaneous  date,  are  interpolated  in 
the  Carboniferous  Inmestone  of  Limerick  and  other  parts  of  Lreland. 
As  the  limestone  is  traced  northwards  it  shows  a  similar  change  to  that 
which  takes  place  in  the  north  of  England,  becoming  more  and  more 
split  up  with  sandstone,  shale,  and  coal-seams,  tmtil,  at  Ballycastle,  it 
presents  exactly  the  characters  of  the  coal-bearing  part  of  the  formatdon 
in  Scotland.^ 

MiUsione  Ortt. — This  name  is  given  to  a  group  of  sandstones  and 
grits,  with  shales  and  clays,  which  runs  persistently  through  the  centre 
of  the  Carboniferous  system  from  South  Wales  into  the  middle  of 
Scotland.  In  South  Wales  it  has  a  dwth  of  400  to  1000  feet ;  in  the 
Bristol  coal  field,  of  about  1200  feet  Traced  northwards  it  is  found  to 
be  intercalated  with  shales,  fire-clays,  and  thin  coals,  and,  like  the 
lower  members  of  the  Carboniferous  system,  to  swell  out  to  enormous 
dimensions  in  the  Pennine  reeion.  Li  North  Staffordshire,  according  to 
Mr.  Hull,  it  attains  a  thinness  of  4000  feet,  which  in  LEtncasnire 
increases  tp  550Q  feet.  These  massive  accumulations  of  sediment  were 
deposited  on  the  north  side  of  a  barrier  of  more  ancient  Palaeozoic  rocks, 
which,  during  all  the  earlier  part  of  the  Carboniferous  period,  seems  to 
have  extended  across  central  England,  and  which  was  not  submerged 
until  part  of  the  Coal-measures  had  been  laid  down.  North  of  tiiis 
great  area  of  deposit  the  Millstone  Grit  thins  away  to  not  more  than 
400  or  500  feet.  It  continues  a  comparatively  insignificant  formation 
in  Scotland,  attaining  its  greatest  thickness  in  Lanarkshire  and 
Stirlingshire,  where  it  is  known  as  the  Moor  Bock.  In  Ayrshire  it 
does  not  exist,  unless  its  place  be  represented  by  a  few  beds  of  sandstone 
at  the  base  of  the  Coal-measures. 

The  Millstone  Grit  is  generally  barren  of  fossils.  When  they  occur 
they  are  either  plants  like  those  in  the  coal-bearing  strata  above  and 
below,  or  marine  organisms  of  Carboniferous  Limestone  species.  In 
Northumberland,  indeed,  it  contains  a  band  of  limestone  uncBstinguish- 
able  from  some  of  those  in  the  Yoredale  group  and  Scaur  limestone. 

Ooal-Meamrei. — ^This  division  of  the  Carboniferous  system  consists  of 
numerous  alternations  of  grey,  white,  yellow,  sometimes  reddish,  sand- 
stone, dark-my  and  black  shales,  clay-ironstones,  fire-clays,  and  coal- 
seams.  In  South  Wales  it  attains  a  maximum  depth  of  about  12,000 
feet ;  in  the  Bristol  coal-field  it  is  5090  feet.  But  in  these  districts,  as 
in  the  rest  of  the  Carboniferous  cureas  of  Britain,  we  cannot  be  sure  Uiat 
all  the  Coal-measures  originally  deposited  now  remain,  for  they  are 
always  unconformable  covered  by  later  formations.  Palaeontological 
considerations,  to  be  immediately  adverted  to,  render  it  probable  that 
the  dosing  part  of  the  Carboniferous  period  is  not  now  represented  in 
Britain  by  fossiliferous  strata.  Whether  or  not  it  ever  was  so  represented 
cannot  be  determined,  owing  to  the  denudation  which  occuned  before 
1  Huirs  Phytieal  Geology  and  Qtography  of  Irtlandj  p.  80. 
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the  deposition  of  the  overlying  Permian  rocks.  So  great  indeed  was 
the  erosion  that  the  Permian  sandstones  are  sometimes  found  resting 
even  on  the  Carboniferons  Limestone.  In  North  Staffordshire  the 
depth  of  Coal-measures  is  about  5000  feet,  which  in  South  Lancashiie 
increases  to  8000.  These  great  masses  of  strata  diminish  as  we  trace 
them  eastwards  and  northwards.  In  Derbyshire  thej  are  abont  25O0 
feet  thick,  in  Northumberland  and  Durham  about  2000  feet,  and  about 
the  same  thickness  on  the  west  side  of  the  island  in  the  Whitehaven 
coal-field.     In  Scotland  they  attain  a  maximum  of  over  2000  feet. 

The  Coal-measures  are  susceptible  of  local  subdivisions  indicative  of 
different  and  variable  conditions  of  deposit  The  following  tables  show 
the  more  important  of  these : 


Olamoboanbhibs. 

Feei. 

Upper  series:  sand- 
stones,  shales,  ^., 
with  26  coal-seams, 
more  than  .     .      8400 

Pennant  Grit :  hard, 
thiok-bedded  sand- 
stones, and  15  coal- 
seams    .     .     .      8246 

Jx>wer series:  shales, 
ironstones,  and  84 
coal-seams  .  450  to  850 

Millstone  Grit 


BoirrH  Lancashibe. 

Feei. 

Upper  series:  shales, 
red  sandstones, 
Spirorbis  lime- 
stone, ironstone, 
and  thin  coal 
seams    .     1600  to  2000 

Middle  series :  sand- 
stones, shales,  olajs, 
and  thick  coal- 
seams.  The  chief 
repository  of  coal 

3000  to  4000 

Lower  or  (bannister 
series :  flagstones, 
shales,  and  thin 
ooals.     .  1400  to  2000 

Millstone  Grit 


Cehtbal  Scotulkd. 

Feei. 

upper  red  Sand- 
stones and  days, 
with  Spirorbis  lime- 
stone, npwaids  of .   150 

True  coal  measoree : 
sandstones,  shales, 
fire  -  clays,  with 
bands  of  black- 
band,  ironstone, 
and  numerous 
seams  of  coal. 
Thickness  in  Laji- 
arkshire  upwards 
of    ...     .       2000 

Moor  Bock,  or  Millstone 
Grit. 


The  numerous  beds  of  compressed  yegetation  form  the  most  remark- 
able feature  of  the  Coal-measures.  As  already  stated  each  coal  seam  is 
usually  underlaid  by  a  seam  of  fire-clay  (mur  of  the  Belgian  coal-fields), 
which,  traversed  in  all  directions  by  rootlets,  and  free  or  nearly  free  of 
alkalies  and  iron,  is  the  soil  on  which  the  plants  that  formed  the  ooal 
grew.  A  ooal-seam  accordingly  marks  a  former  surface  of  terreetrial 
vegetation,  and  the  fissile  micaoeous  sandstones  that  overlie  it  show  the 
nattire  of  the  sediment  under  which  it  was  eventually  buried. 

The  Coal-measures  of  Britain  have  not  yet  been  very  precisely 
subdivided  into  palaeontological  zones.  The  lower  portions  or  €hm- 
nister  beds  of  Lancashire  contain  at  least  70  species  of  undoubtedly 
marine  fossils  (Ooniatites  Listeria  six  species  of  NatUilus^  Aviadopeetm 
papyraceus^  lAngtda  9quamifarmi$y  &c.),  together  with  such  shells  as  Anikra- 
cogia,  probably  indicating  brackish  water.  The  middle  and  upper 
divisions  are  characterized  by  the  prevalence  of  species  of  Antkraeosia^ 
AfUhracoptera,  and  Anthracomya,  Some  of  the  more  characteristic  fishes 
are  Strepsodus  sauroides  (Fig.  353),  Bhizodopm  sawvides,  Megalichikyg 
Htbhertiy  Cheirodua  grantdaaua  (Fig.  353^,  Janasaa  UnguiformUy  CteiuKxmikn 
hyhodoides  (Fig.  342\  Pleuracanthus  Isevtsnmus,  Ctenoptychius  apicalU.  Some 
species  range  from  oottom  to  top  of  the  Coal-measures— ag.  CtenoptycXiui 
pectinatus  and  OyracarUhus  tuherctdatus,^ 

On  the   Continent  of  Europe   the  Carboniferous  system  occupies 

'  My  friend  Dr.  Traqnair  has  been  kind  enoogh  to  ftimish  me  with  iiifnnnatioii  oa 
this  subject  which  he  has  so  careMly  studied. 
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many  detached  areas  or  basins — the  result  partly  of  original  deposition, 
partly  of  denudation,  and  partly  of  the  spread  and  overlap  of  more 
recent  formations.  There  can  be  no  doubt  that  the  English  Car- 
boniferous Limestone  once  extended  continuously  eastward  across  the 
north  of  France,  along  ^e  base  of  the  Ardennes,  through  Belgium,  and 
across  the  present  yalley  of  the  Rhine  into  Westphalia.  From  the 
western  headlands  of  Ireland  this  calcareous  formation  can  thus  be 
traced  eastward  for  a  distance  of  750  English  miles  into  the  heart  of 
Europe.  It  then  begins  to  pass  into  a  series  of  shales  and  sandstones, 
which,  as  already  remarked,  represent  proximity  to  shore  like  the 
similar  strata  in  the  north  of  England  and  Scotland.  In  Silesia,  and 
still  much  further  eastwards  in  centi*al  and  southern  Russia,  repre- 
sentatives of  the  Carboniferous  Limestone  appear,  but  interstratified,  as 
in  Scotland,  with  coal-bearing  strata.  Traces  of  the  same  blending  of 
marine  and  terrestrial  conditionid  are  found  also  in  the  north  of  Spain. 
But  over  central  France,  and  eastwards  through  Bohemia  and  Moravia 
into  the  region  of  the  Carpathians,  the  Coal-measures  rest  directly  upon 
older  PalsBOZoio  groups,  most  commonly  ujKm  gneiss  and  other  crystalline 
rocks!  These  tracts  had  no  doubt  remained  above  water  during  the 
time  of  the  Carboniferous  LimestoDC,  but  were  gradually  depressed 
during  that  of  the  Coal-measures. 

France  and  Belgium. — In  Belgium  and  the  north  of  France 
the  British  type  of  the  Carboniferous  system  is  well  developed.^  It 
comprises  the  following  subdivisions : 

Zone  of  the  gas-coala  (CharhonB  a  gax,  rich  hiiuminous  coals,  with  28  to  40 
per  cent  of  volatile  matter),  oontaining  47  seamB  of  ooaL  Pecopteri$ 
nervoea^  P.  dentaia,  P.  abbrevtatoy  AlethopUru  Serlii,  NeuropUrii  heUr<h 
jphyUOf  SphenopterU  irreavlari$y  8.  maeuenta,  8.  coraUoide$i  8.  herbaceOf 
%  fwreata^  Oalamitea  auekowii,  AnntdaHa  radiato,  8pheMphffttum 
eroram,  8igillaria  (esMUoto,  8.  mamtUariSy  8,  rimota,  8,  iuieotta^ 
DorycordaUe$. 

Zone  of  the  **0harbon8  gras"  (18  to  28  per  cent  Tolatile  matter),  soft 
caking  coals  (21  seams),  well  suited  for  making  coke.     8phtnopt0ri8 

8.  irreguiaru,  Neuropteris  ai^nUOj  AleOiopteris  Serlii,  A,  valida^ 
CatamiUs  8uckowiiy  SphenophyUum  «margtnaittm,  8igUlaria  potyploea^ 
8,  rimotOy  8,  latieotUh  Triffonooarpon  NcBgenUhii, 

Zone  of  the  ^  Gharbons  demi-gTaa''^(12  to  18  per  cent  Tolatile  matter),  29 
seams  of  coal,  chiefly  fitted  for  smithy  aud  iron-work  purposes.  Spheno- 
pterU  concexifolia,  8.  UceninghauH^  8,  iriehomanoideiy  8,  furetUa,  8. 
iohiUingmy  8.  irregularii,  Lonchopteris  rugosa,  CalamiUs  8uckomi^ 
Annularia  radialOy  SigtUaria  manmiiarity  8,  elegans^  8,  pirifarmi$y 
8,  eUipticoy  8.  tcuUUaUif  fi,  Oroeseri^  8,  ImvigaiOy  8,  rugose^,  Hahnia 
toriuoea. 

Zone  of  the  **  Gharbons  Maigres."  Lean  or  poor  coals  (20  to  25  seams), 
only  fit  for  making  bricks  or  burning  lime  (9  to  12  per  cent  Yolatile 
matter).  PecopterU  Lo$hii,  P.  petmmformisj  NewropterU  hUerophytteiy 
Alethopieris  Itmehitiea,  8phenophyUum  saxijragmfoliumj  AnnuUuria  radiatoy 
8ig%Ucuria  eonftriOy  8,  CandoUiy  8.  VoUziiy  tkuamiUB  8uekowiiy  Lepido^ 
dmdron  rluxleanumy  L.  puituUUumf  Lepidophhioe  larieinu$. 

Zone  of  Produetui  earbonariui,  OoniatiUs  diademoy  G,  atrahu,  8piri/era 
mesogoniOy  8,  glabrci^  8.  tri^onalis,  Orthis  oreniMria,  ProduOtm  temi- 

^    reUeuUUuBy  P.  marginalis,  Ametda  papyraoeOt  8<h%zodu$  tuicaiui. 

Sandstone  or  quartzites  passing  into  conglomerates,  separated  from  the 
Carboniferous  limestone  below  by  carbonaceous  sbnles  with  some  thin 
coal-seams;  chiefly  developed  towards  the  north-catft  (Li^e,  Aix-la- 
Cliapelle.) 

>  Oosselef  s  E$qui$9e,  Mourlon's  "*  O^logie." 
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lAmedaae  of  Y ii^  Often  poor  in  IomOs,  bat 
dittingniiihfld  hj  Produdui  aiiftuUmu. 

Limectone  of  LimoDt  (Napoleon  nutffale  of 
Boalonneif).  FomUb  nnmerooi,  ProdmeUu 
undatui*  P,  teminiieulatut,  Spirifera  glabra^ 

Ttfrebrotela  MooMiiM  •         •        .         • 

Limestone  of  Hant  Banc,  compact  or  oolitic 
in  aoath  part  of  Sambre  baiin,  with  Pny- 
dmdmM  mOUnU;  Imt  in  nmrth  part  of  that 
baein,  aa  well  aa  on  the  Mease  and  in  the 
Boulonnais,   Prodmdttu  cora    xeplaoee  P. 

MIOmBVM  •••••• 

Dolomite  of  Kamnr,  well  developed  between 
Kamnr  and  Li^e,  and  extendmg  into  the 
Boulonnaii  ([Unre  dolomiteX  alternating 
with  grej  luneetooe*  containing  Ckomdet 
eamaHoM 

Limeetone  of  Baohant,  grey,  blnish-blaek,  or 
bhusk,  with  cherts  (phtanites).  Prodwhit 
eota  (and  sometimes  r.  giganiewt\  6pirif$ra 
tricornii^  Dentalium  priiemwif  EuompkdUu 
eirroide$,  NaulUu$  tuloo^ut,  OrtHoeerat 
munderianum 

Limestone  of  Wanlsort,  ney,  often  dolomitic ; 
only  seen  in  area  of  the  Blense.  6pirif$ra 
etupidata,  Canooardium  o^/brme 

Limetitone  of  Anseremme,  grey  and  blae- 
Teined  limestone  and  dolomite.  Produchu 
9emiretioulatu$j  Spirifera  mofgnatitit,  8.  cim- 
fidata,  Orthi$  retupinata 

Limestone  of  Dinimt,  only  found  in  the 
Mouse  area.  ProduUui  temiretioukLtui, 
P,  Flemingii^  Pecten  iniermediui 

Limestone  of  Ecanasines  (*'  petit  granite "), 
crinoidal  limestone.  PMUip$ia  gew^ 
muli/eratProduetui  9emireHoulatuSj8pirt/era 
moiquefmi,  Orthi$  ermittriOf  O.  MteMmi, 
L^tmna  rhiOmboidali$      .         .        •        . 

Limestones  and  shales  of  Ayesnelles,  blaok 
limestone  06  metres^  resting  upon  ar- 
gillaoeons  shales  (40  metres).  Among  the 
nnmerons  fossils  of  the  limestone  are  Pnh 
dwitu$  FUnUngii,  P.  Eeberti,  Choneie$ 
variolaris,  BhvnchoneUapleurodon,  Spirifera 
nuM^uetMw,  JSuomphalue  equalii^  Peden 
Sowefhyi 
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The  base  of  these  strata  passes  down  oonformably  into  the  Devonian 
system,  with  which,  alike  by  palaeontological  and  petrographical 
cnaracters,  it  is  closelv  linked.  The  Carboniferous  rooks  of  the  north 
of  France  and  of  Belgium  have  undergone  considerable  distorbanoe. 
A  remarkable  fault  (*'  la  grande  faille  "  of  this  region)  resulting  &om  the 
rupture  of  an  isoclinal  syncline,  and  the  consequent  sliaing  of  the  inverted 
side  over  higher  beds,  runs  from  near  Liege  westwards  into  the  Boulon- 
with  a   general  but  variable  hade  towards  the  south.    On  its 
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Bouthem  side  lie  the  lower  Devonian  beds,  below  which  the  Garbon- 
iferons  Limestone,  and  even  Coal-measures  are  made  to  plunge.  Bores 
and  pits  near  Li^ge  at  the  one  end,  and  in  the  Boulonnais  at  the  other, 
Iiave  reached  workable  coal,  after  piercing  the  inverted  Devonian  rocks. 
By  continuing  the  boring  the  same  coals  are  found  at  lower  levels  in 
their  normal  positions.  JBesides  this  dominant  dislocation  many  minor 
faults  and  plications  have  taken  place  in  the  Carboniferous  area,  some 
of  the  coal-seams  being  folded  zig-zag,  so  that  at  Mens  a  bed  may  be 
perforated  six  times  in  succession  by  &e  same  vertical  shaft,  in  a  dej)th 
of  350  yards.  At  Charleroi  a  series  of  strata,  which  in  their  original 
horizontal  position  occupied  a  breadth  of  8j^  miles,  have  been  compressed 
into  rather  less  than  half  that  space  by  being  plicated  into  twenty-two 
zig-zag  folds. 

Southwards  the  area  of  crystalline  rocks  in  Central  France  is  dotted 
v^th  numerous  small  Carboniferous  basins  which  contain  only  portions 
of  the  Coal-measures.  It  would  appear,  however,  that  some  of  the 
surrounding  schists  are  really  altered  representatives  of  the  lower  parts 
of  this  system,  for  undoubted  Carboniferous  limestone  fossils  have  been 
found  in  them  between  Boanne  and  Lyons,  and  near  Yichy.  Even  as 
far  south  as  Montpellier,  beds  of  limestone  fiill  of  Produdua  giganieua 
and  other  characteristic  fossils  are  covered  by  a  series  of  workable  coals. 
The  Carboniferous  limestone  is  well  developed  westward  in  the 
Cantabrian  mountains  in  the  north  of  Spain,  where  it  likewise  is 
surmounted  by  coal-beariug  strata.  Graud'Eury,  from  a  consideraticm 
of  the  fossils,  regards  the  coal-basins  of  the  Boannais,  and  lower  part  of 
the  basin  of  the  Loire,  as  belouging  to  the  a^e  of  the  "  culm  and  upper 
grey  wacke,"  or  of  strata  immediately  underlying  the  true  Coal-measures. 
But  the  numerous  isolated  coal  basins  of  the  centre  and  south  of  France 
he  refers  to  a  much  later  a^e.  He  regards  these  as  containing  the  most 
complete  development  of  the  upper  coal,  properly  so  called,  enclosing  a 
remarkably  rich,  and  still  little  known,  flora,  which  serves  to  fill  up  the 
palaeontological  gap  between  the  Carboniferous  and  Permian  periods.^ 
Some  of  these  small  isolated  coal  basins  are  remarkable  for  the  extra- 
ordinary thickness  of  their  coal-seams.  In  the  most  important  of  their 
number,  that  of  St.  Etienne,  from  15  to  18  beds  of  coal  occur,  with  a 
united  thickness  of  112  feet,  in  a  total  depth  of  2500  feet  of  strata.  In 
this  basin  near  Chalons  and  Autun  the  main  coal  averages  40,  but 
occasionally  swells  out  to  130  feet,  and  the  Coal-measures  are  covered, 
apparently  conformably,  by  the  Permian  rocks,  from  which  so  remark- 
able a  series  of  saurian  remains  has  recently  been  obtained. 

Germany.^ — Tracing  the  extension  of  the  Carboniferous  system,  we 
find  the  upper,  or  Coal-measures,  portion  extending  in  detached  basins 
north-eastwards  from  Central  France  into  Germany.  One  of  the  most 
important  of  these,  the  basin  of  Pfidz-Saarbrticken,  lying  unconformably  on 
Devonian  rocks,  contains  a  mass  of  Coal-measures  believed  to  reach  a  maxi- 
mum thickness  of  not  less  than  20,000  feet,  and  divided  into  two  groups : 

2.  Upper  or  Ottweiler  beds,  from  6500  to  11,700  feet  thick,  oonsisting  of  red 
saDdBtonefl  at  the  top,  and  of  sandstoDes  and  ehales,  containing  20  feet  of 
coal  in  Tarioos  seams.  PeoopterU  ar6oresoeiw,  Odoniopteri$  obluaOf  Anthrch 
eo9Uiy  Brthericit  Leaia ;  fish  remains. 


'  Grand'Emy,  "Flore  Carboniftre.** 

*  Geinito,  «'Die  Steinkohlen  Dentschlands,"  Mnnioh,  1865. 
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1.  Lower  or  main  ooal-bearing  (Saarbracken)  beds,  5900  to  9000  feet  tkkk, 
with  82  workable  and  142  unworkable  ooal-aeama,  or  in  all  between  3S6 
and  400  feet  of  coal.  Abundant  plants  of  the  middle  and  lower  aooe  of 
the  upper  coal  flora. 

Among  the  small  coal-fields  of  Germany  are  those  of  Ibbenb&ren  wal 
Presberg,  Halle,  Harz,  and  Thtiringer  Wald.  That  of  Zwickav,  h 
Saxony,  contains  about  1700  feet  of  strata  with  12  chief  seams  of  ooal. 
one  of  which  (Rnsskohle)  is  sometimes  25  feet  thick.  Geinits,  adopting 
the  order  of  succession  of  the  fossil  plants  as  his  guide,  has  proposed  u 
subdivide  the  Saxon  Coal-measures  as  follows  in  descending  order : 


8.  The  Fern  zone,  marked  by  the  profusion  of  its  ferns  (SpkenojderU,  HfL 

phyllUes,  SchixojoteriSy  OdontopteriSj  Neuropleru^  CfSofierU^  Aieihopimit^ 
CaidopterU),    This  is  underlaid  by 

2.  The  Sigillaria  Zone,  oontaining  many  species  of  SigiUaHii,  also  Xeps^b- 
dtndnm^  CalamiteSt  AMerophyUiteiy  and  a  few  ferns. 

1.  The  Lycopod  Zone,  abounding  in  Sagenaria  (Lepidodendron)  vt4thriwmama^ 
with  Sphenajiteru  distant^  CalamiUi  tran$Uioni$,  &c  This  zone  is  earn- 
pared  by  GK;initz  with  the  Culm.  Aooording  to  Grand'Eury  the  8azo« 
Coal-measures  belong  to  the  upper  group  of  the  middle  coals  and  lowvr 
group  of  the  upper  ooals. 

"  Eastern  Europe. — In  Moravia,  Silesia,  Poland,  and  Bnssia,  the  €»> 
boniferous  Limestone  reappears  as  the  base  of  the  Carboniferous  svvt^ 
but  not  in  the  massive  calcareous  development  which  it  presesitB  ik 
Belgium  and  England.  One  of  its  most  characteristic  phases  is  tlist  t^ 
which  the  name  '*  Culm  "  (applied  originally  to  the  inferior  slstj  oosi 
of  Devonshire)  has  been  given,  when  it  becomes  a  series  of  shales,  aud- 
stones,  greywackes,  and  conglomerates,  in  which  the  abundant  &sm 
of  the  limestone  is  reduced  to  a  few  molluscs  (Produeiu9  mifij— , 
P.  latisnmuB,  P,  Bemireticulaius,  Fcmdonomya  Becheri^  €UmiaHte$  sjitiif, 
Orthoceras  $trtaiulum^  &c.).  The  Fosidcnomya  particularly  characterises 
certain  dark  shales  known  as  Posidonia  schists.  About  50  species  d 
plants  have  been  obtained  from  the  Culm,  typical  species  being  CaLammim 
transitianis,  Lepidodendron  veUheimianum,  Stigmaria  ficoides,  ^[>k€moy$ai$ 
distans,  Cyclopteria  ienuifolia.  This  flora  bears  a  strong  resemblanoe  to 
that  of  ^e  Calciferous  Sandstones  of  Scotland. 

llie  coal-field  of  Pilsen  in  Bohemia  occupies  about  300  square  miW 
It  consists  mainly  of  sandstone,  passing  sometimes  into  conglomermte,  and 
interstratified  with  shales  and  a  few  seams  of  coal  which  do  not  exceed 
a  total  thickness  of  20  feet  of  coaL  In  its  upper  part  is  an  importsBt 
seam  of  shaly  gascoal  (Plattel,  or  Brettelkohle),  which,  besides  beb< 
valuable  for  economic  purposes,  has  a  hi^h  paleeontolpgical  intend 
from  Dr.  Fritsch's  discovery  in  it  of  a  nch  fauna  of  saurians  and 
fiidies.  The  plants  above  and  below  this  seam  are  ordinary  typkal 
Coal-measure  forms,  but  these  animal  remains  present  such  cKm 
Affinities  to  Permian  forms,  that  the  strata  containing  tbeui  qmt 
belong  to  the  Permian  system  ^see  p.  754).  What  are  belieTed  t^ 
be  true  Permian  rooks  in  the  Pilsen  district  seem  to  overlie  tht  cosb 
unconformably. 

In  Kus^ia  the  Scottish  type  of  the  Carboniferous  system  reappesn. 
In  the  central  provinces  the  coal-field  of  Tula,  said  to  occupy  an  arc«  v( 
18,000  square  miles,  lies  conformably  on  the  Old  Bed  Sandstone,  and 
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contains  limestones,  full  of  Carboniferous  Limestone  fossils  and  a  few  poor 
seams  of  ooal.  In  the  south  of  the  empire  the  coal-field  of  the  Donetz, 
covering  an  area  of  11,000  square  miles,  contains  60  seams  of  ooal,  of 
-wrhioh  44,  having  a  united  thickness  of  114  feet,  are  workable.  Again, 
on  the  flanks  of  the  Ural  Mountains,  the  Carboniferous  Limestone  series 
has  been  upturned  and  contains  some  workable  coal-seams.  It  would 
appear,  therefore,  that  this  particular  type  of  mingled  marine  and 
terreetrial  strata  of  Carboniferous  age,  occupies  a  vast  expanse  under 
later  formations  in  the  east  of  Europe. 

Asiai  Australia. — The  Carboniferous  eystem  is  extensively  de- 
veloped in  Asia.  Over  the  great  plain  of  China,  an  area  of  Coal- 
measures  30,000  square  miles  in  extent  lies  quite  flat  upon  a  mass  of 
limestone  forming  an  escarpment  2000  to  3000  feet  high,  and  the  coal- 
seams  (30  feet  thick)  are  said  to  be  horizontal  for  200  miles.  In 
Australia,  important  tracts  of  true  Carboniferous  rocks  with  coal-seams 
range  down  the  eastern  colonies  and  are  specially  developed  in  New 
South  Wales,  where  the  coals  are  numerous,  and  from  3  to  30  feet 
thick.  Among  the  plants  of  these  strata  are  some  well-known  European 
forms,  as  Alethopiens  lonehitica^  Bamia  radiata^  OalamiUa  variana,  QlosiO' 
pteris  hrowniana^  Lepidodendron  nothumy  L.  rimo8um^  and  L,  veUheimianum. 
The  fauna  includes  the  wide-spread  and  characteristic  Carboniferous 
Limestone  forms  Litliostrotion  hasaltiforme^  L.  irregulare^  Feneslella  plebeia, 
Aihyris  Boyssii^  Orthia  MieheUniy  0.  resupinata,  Produchu  actdeatus,  P.  cora^ 
P.  longtapinua^  P.  ptmctaius^  P.  semireticuicUus,  and  many  more.^ 

North  America. — Rocks  corresponding  in  geological  position  and 
the  general  aspect  of  their  organic  contents  with  the  Carboniferous 
system  of  Europe  are  said  to  cover  an  area  of  more  than  200,000 
square  miles  in  the  United  States  and  British  North  America.  The 
following  table  shows  the  subdivisions  which  have  been  established 
amoDg  them : 

Coal-measnres, — a  aeries  of  sandstones,  shales,  ironstones,  coals,  &o., 
varying  from  100  feet  in  the  interior  continental  area  to  4000  feet  in 
Pennsylvania,  and  more  than  8000  feet  in  Nova  Scotia.  The  plant  re- 
mains include  forms  of  Lepidodendron,  SimUaHa^  Stigmaria,  CalamUes, 
ferns,  and  coniferous  leaves  and  fruits.  The  anunal  forms  embrace  in 
the  marine  bands  species  of  Spiri/erct,  ProdtuAutj  BeUerophon,  NaiMu8, 
&0,  Among  the  shales  and  carbonaceous  beds  numerous  traces  of  insect 
life  have  been  obtained,  comprising  species  related  to  the  may-fly  and 
cockroach.  Spiders,  scorpions,  centipedes,  limuloid  crabs,  and  land  snails 
like  the  modem  Pupa  have  also  been  met  with.  The  fish  remains  com- 
prise teeth  and  ichthyodomlites  of  placoid  genera,  and  a  number  of 
Smoids  (EurylepUj  Ckdacanthut,  MegalichihtfSf  Bhixodtu,  &c.).  Several 
byrinthodouts  occur,  and  true  reptiles  are  represented  by  one  saurian 
genus  found  in  Nova  Scotia,  the  Eotauru$, 

In  the  western  Territories  the  Upper  Garboniferous  rocks  consist  of  a 
massive  group  of  limestone  2000  feet  thick,  resting  on  Lower  Carbon- 
iferous C*  Weber  Quartzite"  of  King)  estimated  at  6000  to  10,000  feet, 
but  with  no  coals. 

Millstone  Grit,— a  group  of  arenaceous  and  sometimes  conglomeratic  strata, 
with  occasional  coal-seams,  only  25  feet  thick  in  some  ports  of  New  York, 

,    but  swelling  out  to  1500  feet  in  Pennsylvania. 


»  Bichthofen's  ••Ohfaia,'*  vol.  ii.    W.  B.  Clarke,  **  Fossiliferous  Formations  of  N.  8. 
Wales,"  1875.    R.  EtheriUge,  Jun.,  <"  Catalogue  of  Australian  Fossils,"  1878. 


Digitized  by 


Google 


750  STRATIGRAPHICAL  GEOLOGY.         [Book  YL 

In  the  MisBissippi  basin  where  the  snb^aiboniferooa  groups  are  had 
deyeloped,  they  present  the  following  subdivisions  in  descending  osder  : 
Chester  group. — Limestones,  shales,  and  sandstones,  sometimes  600  iteu 
St.  Louis  group. — ^Limestones  with  shale,  in  places  250  feet. 
Keokuk  group. — ^Limestone  with  chert  layers  and  nodules. 
Burlington  group. — Limestone,  in  places  with  chert  and  homstoika*  25  ts 

2007eet 
Kinderhook  group. — Sandstones,  shales,  and  thin  limestones,  100   to  200 

feet,  resting  on  the  Devonian  black  shale. 

The  sub-Carboniferous  groups  are  mainly  limestones,  but  contaia  hoe 
and  there  remains  of  the  chuacteristio  Carboniferous  land  TngrilatkM 
Crinoids  of  many  forms  abound  in  the  limestopes.  A  remarkabte  polysoaau 
Archimedes,  occurs  in  some  of  the  bands.  The  braohiopods  are  eiueflj 
represented  by  species  of  Spiri/era  and  ProducUu ;  the  iMneUibimn^u  bf 
Mydlinci,  Sehuodua^  Avieuilopeeten^  NueiUa,  Pinmij  and  others ;  the  nrfrfTe 
lopods  by  OrihooeraSi  NauUlue,  Ckmiatites,  Oyrooerae,  Ac  The  Eoropeaa 
genus  of  trilobite,  P^i22tp«ta,  occurs.  Numerous  teeth  and  fin-spines  of 
selachian  fishes  give  a  further  point  of  resemblance  to  the  European  Oar> 
boniferous  Limestone,  Some  of  the  rippled  rain-pitted  beds  oomtaiB 
[amphibian  foot-print»--the  earliest  American  forms  yet  known. 

Seotion  V. — Pennian  or  Dyas. 

§  1.  General  Characters. 

The  Carboniferous  rocks  are  overlaid,  sometimes  conformaUj, 
but  in  Europe  for  the  most  part  unconformably,  by  a  serioB  ui 
red  sandstones,  conglomerates,  breccias,  marls,  and  limestones.  Iliev 
used  to  be  reckoned  as  the  highest  part  of  the  Coal  formation.  Ii 
England  they  receiyed  the  name  ot  the  ^' New  Bed  SandstoDe' 
in  contradistinction  to  the  **  Old  Bed  Sandstone*'  lying  beneatb  thf 
Carboniferous  rocks.  The  term  "Poikilitic"  wjw  formerly  proposed  far 
them,  on  account  of  their  characteristic  mottled  anpearanoe.  Fros 
their  wide  deyelopment  in  the  Bussian  proyince  of  Term  tiiey  wer^ 
styled  "  Permian  by  Murchison,  De  Vemeuil,  and  Keyserling.  In 
Germany,  where  they  exhibit  a  well-marked  grouping  into  two  grai 
series  of  deposits,  they  haye  receiyed  the  name  of  "  Dyas."  In  Nortli 
America,  where  no  good  line  of  subdiyision  can  be  made  at  the  top 
of  the  Carboniferous  system,  the  term  "^  Permo-Carboniferoiis "  hM 
been  adopted  to  denote  the  transitional  beds  at  the  top  <^  the 
PalsBoaoic  series. 

In  Europe  two  distinct  types  of  the  system  can  be  made  out.  Ii 
one  of  these  (Dyas)  the  rocks  consist  of  two  great  diyisions :  (1)  a 
lower  series  of  red  sandstones  and  conglomerates,  and  (2)  an  npper 

froup  of  limestones  and  dolomites.     In  the  other  (Bussian  or 
erraian)  the  strata  are  of  similar  character  but  are  interstratified 
in  such  a  way  as  to  present  no  twofold  petrographical  subdiTision. 

Rocks. — ^The  preyailing  materials  of  the  Permian  series  in 
Earope  are  undouotedly  r^  sandstones,  passing  now  into  oongkh 
merates  and  now  into  fine  shales  or  marls.  In  tneir  coarsest  fonns 
these  detrital  deposits  consist  of  conglomerates  and  breccias  composed 
of  fragments  of  different  crystalline  or  older  Palaeozoic  rocks  (granite, 
diorite,  gneiss,  mica-schist,  quartoite,  grey  wacke,  sandstone,  &aX  that 
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vary  in  size  up  to  blocks  a  foot  or  more  in  diameter.    Sometimes, 

these  stones  are  well  rounded,  but  in  many  places  they  are  only 

partially  so,  while  here  and  there  they  are  qnite  angular  and  then 

constitute  breccias.      The  pebbles  are  held  together  by  a  brick-red 

ferruginous,  siliceous,  sandy,  or  argillaceous  cement.    The  sandstones 

are  likewise  characteristically  brick-red  in  colour,  generally  with 

green  or  white  layers  and  spotB  of  decoloration.    The  marls  show 

still  deeper  shades  of  red,  passing  occasionally  into  a  kind  of  livid 

purple;  they  are  crumbling  sandy  clay-rocks,  sometimes  merging 

into  more  or  less  fissile  shales.    Of  the  argillaceous  beds  of  the  system 

the  most  remarkable  are  those  of  the  marl-slate  or  Eupferschiefer — a 

brown  or  black  often  distinctly  bituminous  shale  or  marl,  which  in 

certain  parts  of  Germany  is  charged  with  ores  of  copper.     The 

limestone,  so  characteristic  a  feature  in  the  **  Dyas"  development  of 

the  system,  is  a)  compact,  well-bedded,  somewhat  earthy,  and  usually 

more  or  less  dolomitic  rock.    It  is  the  chief  repository  of  the 

Permian  invertebrates.    With  it  are  associated  bands  of  dolomite, 

either  crystalline  and  cavernous  (Bauchwacke)  or  finely  granular  and 

crumbling  TAsche);  also  bands  of  gypsum,  anhydrite,  and  rock-salt. 

In  certain  localities  (the  Harz,  Bohemia,  Autun)  seams  of  coal  are 

intercalated  among  the  rocks,  and  with  these,  as  in  the  Coal-measures, 

are  associated  bituminous  shales  and  nodular  clay-ironstones.    In 

Germany  and  in  the  south-west  of  Scotland  the  older  part  of  the 

Permian  system    contains   abundant  contemporaneous   masses  of 

eruptive   rock,  aoiong  which  occur*  porphyrite,  melaphyre,  and 

various  forms  of  auartz-porphyry. 

Some  of  the  breccias  in  the  west  of  England  contain  striated 
stones,  which,  according  to  Sir  A.  C.  Bamsa;^,  indicate  the  existence 
of  glaciers  in  Wales  during  the  Permian  period. 

The  Permian  system  m  Europe,  from  the  prevalent  red  colour 
of  its  rocks,  the  association  of  dolomite,  rock-salt,  saliferous  clays, 

Spsum,  and  anhydrite,  has  evidently  been  deposited  in  isolated 
dns  in  which  the  water,  cut  off  more  or  less  completely  from 
the  sea,  underwent  concentration  until  chemical  precipitation  could 
take  place.  Looking  back  at  the  history  of  the  Carboniferous 
rocks  we  can  understand  how  such  a  change  in  physical  geography 
was  brought  about.  The  Carboniferous  Limestone  sea  having  been 
excluded  from  the  region,  wide  lagoons  occupied  its  site,  and  these, 
as  the  land  slowly  went  down,  crept  over  the  old  ridges  that  had  for 
80  many  ages  been  prominent  features.  The  downward  subter- 
ranean movement  was  eventually  varied  by  local  elevations,  and 
at  last  the  Permian  basins  came  to  be  formed.  As  a  result  of  these 
disturbances  the  Permian  rocks  overlap  the  Carboniferous,  and  even 
cover  them  in  complete  discordance.^ 

Life. — The  conditions  under  which  the  European  Permian 
rocks  were  deposited  must  have  been  eminently  unfavourable  to  life. 

*  The  difleotdMioe»  however,  sometuiiei  ditappeen,  and  then  the  OarixmifBroiis  and 
Penniaa  nx^  ihmle  iato  aaoh  other. 
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Accordingly  we  find  that  the  rocks  are  on  the  whole  singularly 
barren  of  organic  remains.  From  the  rich  faunas  of  the  Silurian, 
Devonian,  and  Carboniferous  systems  we  enter  the  Permian  forma- 
tion and  find  only  somewhere  about  300  species  of  organisms. 

The  Permian  flora  presents  many  points  of  resemblance  to  the 
Carboniferous.^  Accorcfcng  to  Grand  Eury  upwards  of  50  species  of 
plants  are  common  to  the  two  floras.  Among  the  forms  which  rise 
into  the  Permian  rocks  and  disappear  there  are  Catamites  Suckwcii,  C. 
approximaiuBy  AsterophyllUes  equisetiformis.  A.  rigidus^  PeoopterU 
eteffans,  Odontoptens  Sehtotheitnii,  Sigilla/ria  Brardii  (and  other8),/Sifiy- 
maria  fiooides,  Cordaites  horaasifoUus^  &c.  Others  which  are  mainly 
Permian  are  yet  found  in  the  highest  coal-beds  of  France,  e.g.  CaJamiieM 
gigas^  Galamodendron  striatum^  ArihropUus  ezonata,  Tamiopieris 
abnarmis,  WaJchia  pinniformia,  &c.    But  the  Permian  flora  has  some 


Fiq/355. — ^Pkbmian  Molluscs. 

a,  Strophalosia  Gh)]dftu8i  (Munet.)  (enlareed) ;  b,  Prodnctns  harridos  (Sow.) ;  e,  Bake- 

yellia  tumida  (King) ;  d,  Sdiisodus  Schlotheimii  (Qeinitz). 

distinctive  characters ;  as  the  variety  and  quantity  of  the  ferns  united 
under  the  genus  CaUipteria^  which  do  not  occur  in  the  Coal-measures, 
the  profusion  of  tree-ferns  (Psaronius,  of  which  24  species  are  de- 
scribed bv  Goppert,  ProtopteriSy  CatUopteris,  <fec.)  and  of  Eguiaetites^ 
and  the  abundance  of  Walchia  pinniformis  and  W.  filieiformis.  The 
most  characteristic  plants  throughout  the  German  Pfrmian 
groups  are  Odantcpteria  oUusUdba^  CalUpteris  eanferta^  fFoZe&ui 
pinniformiSy  and  Calamites  giaas.  The  last  representatives  of  the 
ancient  tribes  of  the  lepidodendra,  sigillarioids^  and  calamaries 
appear  in  the  Permian  system. 

The  impoverished  fauna  of  the  Permian  rocks  is  found  almost 
wholly  in  the  limestones  and  brown  shales,  the  red  conglomerates 
and  sandstones  being,  as  a  rule,  devoid  of  organic  contents.    A  few 
>  See  Goppert's  *«  Die  Fossile  Flora  der  Permisohen  Formation,*'  OemA^  18ei-^5. 
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corals  (JStenopora)  and  polyzoa  (Fenestella,  Synodadia,Aeanthocladia) 
occur  in  the  limestones ;  the  echinoderms  are  few,  the  chief  crinoids 
being  species  of  Cyathocrinus,  Among  the  brachiopods  the  most 
conspicuous  are  species  of  Productus,  Vamarophoria,  Spirifera,  and 
Strophalosia  (Fig.  355).  Lamellibranchs  are  more  numerous, 
characteristic  genera  being  Allorismay  Solemyay  Schizodus,  Edmondia, 
Area,  Avieula,  Bdkevellia  (Fig.  355),  Pecten.  Among  the  few  gas- 
teropods,  forms  of  Chemnitzia,  Turbo,  Murchisoniay  Pleurotomaria, 
and  Chiton  have  been  recorded.  An  occasional  Nautilus  or  Ortho- 
ceras  represents  the  rich  cephalopodan  fauna  of  the  Carboniferous 


Fio.  356. — ^Pal2eonkcc8  macbopohts.    Ag.  (i)  Kupfei 
Fn)m  a  roBtoration  by  Dr.  Traquair. 


Limestone.  Fishes  are  proportionately  belter  represented  in  the 
Permian  rocks  than  the  invertebrates.  They  chiefly  occur  in  the 
marl-slate  or  Kupferschiefer.  The  most  common  genera  are  Palse- 
oniscus  (Fig.  356),  which  is  specially  characteristic,  Platysomus 
(Fig.  357),  and  Pygopterus. 


FlQ,  357.— PLATY80MTJ8  STMATUS.      AG.  (J)  MaGNESIAN  LdIESTOKE. 

Bostored  by  Dr.  Traquair. 

Amphibian  life  appears  to  have  been  abundant  in  Permian  times, 
for  some  of  the  sandstones  of  the  system  are  covered  with  footprints, 
assigned  to  the  extinct  order  of  Laoyrinthodonts.  Occasional  skulls 
and  other  bones  have  been  met  with  referable  to  Lepidotosatirvs, 

3  c 
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Zygosaurm,  &c.  The  remains  of  comparatively  few  forms,  howerer, 
had  been  found  until  the  remarkaole  discoveries  of  Dr.  Antmi 
Fritsch  in  the  basins  of  Pilsen  and  Bakowitz  in  Bohemia.  The 
strata  of  these  localities  have  been  already  (p.  748)  referred  to 
as  containing  an  abundant  and  characteristic  coal-flora,  yet  with 
a  fauna  that  is  as  decidedly  like  that  of  known  Permian  rocks. 
According,  therefore,  as  we  give  preference  to  the  plants  or  the 
animals,  the  strata  may  be  ranked  as  Carboniferous  or  as  Permiao. 
They  have  yielded  no  fewer  than  forty-three  species  of  amphibians, 
of  which  Dr.  Fritsch  is  publishing  elaborate  descriptions.  Thoee 
described  up  to  this  time  are  Branchiosatirus  (a  form  resembling 
an  earth-salamander  in  possessing  gills,  and  ot  which  the  laigest 
specimen  is  only  about  2^  inches  lon^),  Sparodus,  Hylonomu^ 
Dawsonia^  Melanerpeton,  Dolichosama,  Ophtderpeton,  and  PaUeosiren} 
From  the  corresponding  strata  of  Autun  in  Central  France,  M. 
Gaudry  has  described  some  additional  forms  Actinodan,  Protritan,  a 
new  batrachian  genus  Pleuroneura,  and  Euehirosaurus,  a  lar^r  and 
more  highly  organized  form  than  any  yet  known  from  the  P^aeozoic 
rocks  of  France.*  The  Kupferschiefer  of  Germany  and  the  corre- 
sponding beds  in  England  have  yielded  the  earliest  known  European 
lacertilian  reptile — the  PraterosauruSy  one  distinguishing  feature  in 
which  is  the  crocodilian  character  of  having  the  teeth  planted  in 
distinct  sockets. 

§  2.  Local  Development. 

Britain.^ — In  England  on  a  small  scale,  a  representative  is  to  be 
found  of  the  two  contrasted  t3rpes  of  the  European  Permian  system.  On 
the  east  side  of  the  island  from  the  coast  of  Moriiiumberland  southwards 
to  the  plains  of  the  Trent,  a  true  '*  Dyas  "  development  is  exhibited,  the 
Magnesian  limestone  and  Marl-slate  forming  the  main  feature  of  the 
system  ;  on  the  west  side  of  the  Pennine  chain,  however,  the  true  Per- 
mian or  Eussian  facies  is  presented.  Arranged  in  tabular  form  the  rocb 
of  the  two  areas  may  be  grouped  as  follows : 

W.ofEngUiKL  RofEi^ADd.^ 

(Permian  or  RumUh  type.)    (Pjm  or  Gcmun  type.) 

Red  sandstones,  days,  and  gypsum  .  600  ft.  50-100  ft. 

Magnesian  limestone      .         .         .  \  -^  oa  ann 

Marl  slate /  10-80,,  600,, 

Lower  red  and  variegated  sandstone,  i 

reddish  brown  and  purple  sand-  I  oaaa  iaaoiea 

stones  and  marls,  with  calcareous  (  ^""" »»  100-250  „ 
conglomerates  and  breccias  .        .  j 


>  A.  Fritsch,  "Fauna  der  Gaskohle  und  der  Kalksteine  der  PermfionnfttioD 
Bohmens,"  Pnur,  1S81-2. 

«  Gaudry,  BuH  Soc.  (Uoh  France,  vii  (3  s^r.),  p.  62. 

»  Sedgwick,  Trans.  Oeol,  Soc  iii.  (im\  p.  37;  iv.  888;  Murchison,  «Bfliiria.- 
p.  308 ;  Hull,  **  Triassic  and  Permian  Rocks  of  Midland  Gounties  of  England  "  in  Mem- 
Choi.  8wn.  1869 ;  Q.  J.  Oeol,  Soc.  xxy.  171 ;  xxix.  p.  402 ;  Ramsay,  Op.  cO,  xxvil  pw  ^^ ' 
E.  Wilson,  (>p.  eU.  xxxii.  p.  683 ;  D.  O.  Davies,  Op.  eU.  xxxiii,  p.  10:  H.  B.  Woodirarfi 
Oeol.  Mag.  1874,  p.  885 ;  T.  V.  Holmes.  Q.  J.  GcoL  800.  xxxrii.  p,  286. 
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Lower  Sandstone. — ^This  snbdiviBion  attains  its  greatest  deyelopment 
in  the  vale  of  the  Eden,  where  it  consists  of  brick-red  sandstones,  with 
some  beds  of  calcareous  conglomerate  or  breccia,  locally  known  as 
*'  brocknkm,"  deriyed  from  the  waste  of  the  Oarboniferons  Limestone. 
These  red  rocks,  extending  across  the  Sol  way  into  the  valleys  of  the  Nith 
and  Annan  in  the  sonUi  of  Scotland,  lie  unoonformably  on  the  Lower 
Silurian  rocks,  from  which  their  breccias  have  been  derived,  but  near 
Dnmfiies  some  calcareous  breccias  or  "  brockrams  "  occur.  These  brec- 
oiated  masses  have  evidently  accumulated  in  small  lakes  or  narrow 
Qords.  In  the  basin  of  the  Nith,  and  also  in  Ayrshire,  numerous  small 
volcanic  vents  and  sheets  of  porphyrite  and  tufif  are  associated  with  the 
red  sandstones,  marking  a  volcanic  district  of  Permian  age.  The  vents 
rise  through  Coal-measures  as  well  as  more  ancient  rocks.  Much 
further  south,  in  Staffordshire,  and  in  the  districts  of  the  Clent  and 
Abberley  Hills,  the  brecciated  conglomerates  in  the  Permian  series 
attain  a  thickness  of  400  feet.  They  have  been  shown  by  Bamsay  to 
consist  in  lar^  measure  of  volcanic  rocks,  grits,  slates,  and  limestones, 
which  can  be  identified  with  rocks  on  the  borders  of  Wales.  Some  of 
their  blocks  ai-e  three  feet  in  diameter  and  show  distinct  striation.  These 
Permian  drift-beds,  according  to  Bamsay,  cannot  be  distinguished  by  any 
essential  character  from  modem  glacial  drifts,  and  he  has  no  doubt  that 
they  were  ice-boiiie,  and,  consequently,  that  l^ere  was  a  glacial  period 
during  the  accumulation  of  the  Lower  Permian  deposits  of  the  centre  of 
England. 

Like  red  rocks  in  general  the  Lower  Permian  beds  are  almost  barren 
of  organic  remains.  Such  as  occur  are  indicative  chiefly  of  teirestrial 
surfaces.  Plant  remains  occasionally  appear,  such  as  Caulerpkes  (supposed 
to  be  of  marine  growth),  Lepidodendron  dilatatumj  Catamites,  Sternbergia^ 
and  fragments  of  coniferous  wood.  The  cranium  of  a  labyrinthodont 
{Dasycepa)  has  been  obtained  from  the  Lower  Permian  rocks  at  Eenil- 
worth.  Footprints  referred  to  members  of  the  same  extinct  order  have 
been  observed  abundantly  on  the  surfaces  of  the  sandstones  of  Dumfries- 
shire, and  also  in  the  vale  of  the  Eden. 

Magnesian  Limestone  group, — ^This  subdivision  is  the  chief  repository  of 
fossils  in  the  Permian  system.  Its  strata  are  not  red,  but  consist  of  a 
lower  zone  of  hard  brown  shale  with  occasional  thin  limestone  bands 
('Marl  Slate)  and  an  upper  thick  mass  of  dolomite  (Magnesian  Limestone), 
'llie  latter  is  the  chief  feature  in  the  Permian  (Dyas)  development  of  the 
east  of  England.  Corresponding  with  the  Zechstein  of  Germany,  as  the 
Marl  Slate  does  with  the  Eupferschiefer,  it  is  a  very  variable  rock  in 
lithological  characters,  being  sometimes  dull,  earthy,  fine-grained,  and 
fossiliferous,  in  other  places  quite  crystalline,  and  composed  of  globular, 
reniform,  botryoidal,  or  irregular  concretions  of  crystalline  and  fiiquentl v 
internally  radiated  dolomite.  The  Magnesian  Limestone  runs  as  a  thick 
persistent  zone  down  the  east  of  England.  It  is  represented  on  the 
Lancashire  and  Cheshire  side  by  bright  red  and  variegated  sandstone 
covered  by  a  thin  group  of  red  marls,  with  numerous  thin  courses  of 
limestone,  containing  Schizodus,  Bakevellia,  and  other  chaiaoteristio  fossils 
of  the  Milesian  Limestone. 

The  Magnesian  Limestone  ^oup  has  yielded  about  100  species  belong- 
ing to  46  genera  of  fossils— a  singularly  poor  fauna  when  contrasted  wim 
that  of  the  Carboniferous  system  below.     The  brachiopods  (9  genera,  21 
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n>eoie8)  include  Productui  harridui^  ClamarophoriamuiUiplicaiaj  C,  SeUoikemy 
SirophaUma  CMd/ussit  lAngula  Crednert,  and  Terehratula  ehngata,  Tbe 
lamellibrancbs  number  16  genera  and  31  species,  among  which  Sdkisodit 
Schloikeimi^  BakeveUia  tumida^  B.  an/t^tia,  B.  certUophaga^  MjftUmt  cgw- 
mornu,  and  Area  striata  are  characteristic.  The  univalves  are  represented 
by  11  genera  and  26  species,  including  PUurotomarta  and  Turbo  as  common 
genera.  Fishes  have  been  obtained  chiefly  in  tbe  Marl  Slate,  to  tbe 
number  of  21  species  belonging  to  8  genera,  of  which  PaUsam$cus  is  the 
chief.  These  small  ganoids  are  closely  related  to  some  which  haunted 
the  lagoons  of  the  Carboniferous  period.  Some  reptilian  remains  hive 
been  obtained  from  the  gix)up,  particularly  Proterataurus  Speneri,  P. 
Huxleyi,  and  Lepidotosaurus  Duffii. 

Murchison  and  Harkness  have  classod  as  Upper  Permian  certain  red 
sandstones  with  thin  pai-tings  of  red  shale,  and  an  underlying  band  of  red 
and  green  marls  and  gypsum.  These  rocks,  seen  at  St.  Bees,  near  White- 
haven, resting  on  a  magnesian  limestone,  have  not  yet  yielded  any  fossils. 

Germany,  Ac. — The  "  Dyas "  type  of  the  system  attains  a  grwit 
development  along  tbe  flank  of  the  Harz  Mountains,  also  in  Thuringia, 
Saxony,  Bavaria,  and  Bohemia.  On  the  south  side  of  the  Harz  it  is 
grouped  into  the  following  subdivisions : 


•Ml 


Anhydrite,  gypenm,  rook-ealt,  marl,  dolomite,  fetid  shale,  and  lunebtoue. 
The  amorphous  gypsum  is  the  chief  member  of  this  group ;  the  limestone 
is  sometimes  full  of  bitumen. 

Crystalline  granular  (^Bauehtcacke)  and  fine  sandy  (^Asche)  dolomite  (6  to 
fl-{    65  feet). 

Zechstein,  an  argillaceous  thin-bedded  compact  limestone  15  to  30  (some* 
times  even  90;  feet  thick. 

Kupferschiefer— a  black  bituminous  shale  not  more  than  about  2  feet  thick. 

^Zechstein-conglomerate,  and  calcareous  sandstone. 

Upper. — Conglomerates  (quartz-porphyry  conglomerate)  and  sandstone,  with 
associated  melaphyres  and  tuffs. 

Middle. — Bed  clays,  shales,  and  fine  shaly  sandstones,  with  bands  of  quarts- 
conglomerate  and  earthy  limestone.  Melaphyre  and  porphyrlte  masses 
intercalated. 

Lower. — Shaly   sandstones,   shales   (with   bituminous    bands),   and  coo* 

,    glomerates. 


Tbe  name  "  Rothliegende  "  or  "  Bothtodtliegende  "  ^red-layer  or  red- 
dead -layer)  was  given  by  the  miners  because  their  ores  disappeared  in  the 
red  rocks  below  the  copper-bearing  Kupferschiefer.  The  coarse  oon- 
glomerates  have  been  referred  by  Samsay  to  a  glacial  origin,  like  those 
of  the  Abberley  Hills.  Tbey  attain  the  enormous  thickness  of  6000  feet 
or  more  in  Bavaria.  One  of  the  most  interesting  features  of  the  for- 
mation is  the  evidence  of  the  contemporaneous  outpouring  of  great 
sheets  of  quartz-porphyry,  granite-porphyry,  porphyrite,  and  melaphjre, 
with  abundant  interstratifioations  of  various  tufb,  not  unfrequentiy  en- 
closing organic  remains.  From  the  very  nature  of  its  component 
materials,  the  Bothliegende  is  comparatively  barren  of  fossils;  a  few 
ferns,  calamites,  and  remains  of  coniferous  trees  are  found  in  it,  particii- 
larly  towards  the  base,  where  indeed  they  form,  in  the  Mansfeld  district 
a  coalHBeam  about  5  feet  thick. 

The  plants,  all  of  terrestrial  growth,  on  the  whole  resemble  genericaUjr 
the  Carboniferous  flora,  but  seem  to  be  nearly  all  speciflcaUy  distinct 
They  include  forms  of  Calamites  (0.  gigas\  AstercmhyUttes,  and  ferns  of  the 
genera  SphenopteriSy  Ahthopteris,   Newrapteris,   Odoniopteris^    with  weii* 
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preserved  silioified  stems  of  tree-ferns  (Psaronius^  Tubicaulia).  The 
conifer  Walchia  (  W»  pint/ormia)  is  specially  oharaoteristic.  Fish  remains 
oocnr  sparingly  (Amblypterua,  PalseontscuSf  AcarUhodes),  and  traces  of 
labyrinthodonts  (Archegosaurua  Decheni)  have  been  met  with. 

The  Zechstein  group  is  characterized  by  a  suite  of  fossils  like  those  of 
the  Magnesian  Limestone  group  of  England.  The  Kupferschiefer  con- 
tains numerous  fish  (Pcikeoniscus  Freisleheniy  PkUysamus  gibbogus,  &c.)  and 
remains  of  plants  (coniferous  leaves  and  fruits  and  sea-weeds).  This 
deposit  is  believed  to  have  been  laid  down  in  some  enclosed  sea-basin,  the 
waters  of  which,  probably  fiom  the  rise  of  mineral  springs  connected 
with  some  of  the  volcanic  foci  of  the  time,  were  so  charged  with  metallic 
salts  in  solution  as  to  become  unfit  for  the  continued  existence  of  animal 
life.  The  dead  fish,  plants,  &c.,  by  their  decay,  gave  rise  to  reduction 
and  precipitation  of  these  salts  as  sulphides,  which  thereupon  enclosed 
and  replaced  the  organic  forms,  and  permeated  the  mud  at  the  bottom. 
This  Old  sea-floor  is  now  the  widely  extended  band  of  copper-slate  which 
has  so  long  and  so  extensively  been  worked  along  the  flanks  of  the  Harz. 
After  the  formation  of  the  Kupferschiefer  the  area  must  have  been  once 
more  covered  by  dearer  water,  for  the  Zechstein  contains  a  number  of 
organisms,  among  which  Produchu  horridusy  Spirifera  undulatay  Strophalona 
Oold/u89iy  Sehizodus  ohacurus,  and  Fenestella  retiformis  are  common.  Be- 
newed  unfavourable  conditions  are  indicated  by  the  dolomite,  gypsum, 
and  rock-salt  which  succeed.  Eeasoning  upon  similar  phenomena 
as  developed  in  England,  Bamsav  has  connected  them  with  the  abundant 
labyrinthodont  footprints  and  other  evidences  of  shores  and  land,  as  well 
as  tiie  small  number  and  dwarfed  forms  of  the  shells  in  the  Magnesian 
Limestone,  and  has  speculated  on  the  occurrence  of  a  long  '*  continental 
period  "  in  Europe,  during  one  epoch  of  which  a  number  of  salt  inland 
seas  existed  wherein  the  Permian  rocks  were  accumulated.  He  compares 
these  deposits  to  what  may  be  supposed  to  be  forming  now  in  parts  of 
the  Can>ian  Sea. 

In  Bohemia  ^pp.  748,  754^  and  Moravia,  where  the  Permian  system  is 
extensively  developed,  it  has  oeen  divided  into  three  groups.  (1)  A  lower 
set  of  conglomerates,  sandstones,  and  shales,  sometimes  bituminous.  Tliese 
strata  contain  diffused  copper  ores  and  abound  here  and  there  in  remains 
of  land-plants  and  fishes.  (2)  A  middle  group  of  felspathic  sandstones,  con- 
glomerates, and  micaceous  shales,  with  vast  numbers  of  silicified  tree- 
stems  (AraucariteSy  Psaronius).  (3)  An  upper  group  of  red  days  and  sand- 
stones, with  bituminous  shales.  Eruptive  rocks  (melaphyre,  porphyrite, 
<feo.)  are  assodated  with  the  whole  formation.  A  zone  of  red  sandstones  and 
conglomerates  found  on  both  sides  of  the  Alps  below  recognized  Triassic 
beds  is  referred  to  the  Permian  system.  In  the  southern  Tyrol  it  includes 
the  well-known  maes  of  red  porphyry  of  Botzen  with  its  associated 
breccias,  tuffs,  and  red-sandstones. 

Russia.^ — ^The  second  or  "  Permian  "  type  attains  an  enormous  de- 
velopment in  Eastern  Europe.  I  ts  nearly  hori  zontal  strata  cover  by  far  the 
largest  part  of  European  Russia.  They  consist  of  sandstones,  marls,  shales, 
conglomerates,  limestones  (often  highly  dolomitic),  gypsum,  rock-salt, 
and  thin  seams  of  coal.  In  tiie  lower  and  more  sandy  half  of  this  series  of 
strata  remains  of  land-plants  (Calamites  gigas,  Cyclopteria,  PecoptcrtB^  &c.), 

>  Bee  "Baaeia  and  Ural  Mountains,"  Mnrobison,  De  Vpmeuil,  and  KeyserliQg:  4to, 
2  Tola.,  1845. 
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fishes  (Palw(misemB\  and  labjrinthodonts  oocnr,  but  some  iniexstnuM 
bands  yield  Produetui  Cancrini  and  other  marine  shells.  The  rocb  an 
over  wide  regions  impr^nated  with  copper  ores.  The  upper  half  of  ^ 
series  oonsLsts  of  dajs,  marls,  limestones,  gypsum,  and  rock-salt,  witk 
nnmerons  marine  moUusca  like  those  of  the  Zeohstein  (ProdMctui  Camam, 
P.  harridttSy  Camarophoria  Scklotheimi)^  bnt  with  intercalated  htadi 
containing  land-plants.  It  would  therefore  appear  that  terrestrial  aad 
marine  conditions  must  have  frequently  alternated  in  IQastem  Eozope 
during  the  deposition  of  the  Permian  system  of  that  r^on. 

France. --On  the  east  of  France,  and  stretching  intermittatij 
northwards  along  the  flanks  of  the  Yosges,  and  eastwards  into  the  Bk^ 
Forest,  the  Permian  ^stem  is  represented  by  two  massive  foniiatioof,a 
lower  group  of  red  sandstones,  days,  'and  conglomerates  400  to  500  feet 
thick,  equivalent  to  the  Bothli^ende,  and  an  upper  group  composed  d 
pebbly  felspathic  sandstone  (Gr^  des  Yosges)  with  vegetable  impresaiflu- 
As  already  stated,  it  is  probable  that  the  strata  overlying  the  bi^ieet 
coal-measures  in  some  of  the  numerous  basins  scattered  over  the  oeotnl 
tracts  of  France  should  be  referred  to  the  Permian  system.  The  mo^ 
remarkable  of  these  tracts  yet  explored  is  that  of  Autun,  in  which  a  mam  d 
sandstones,  conglomerates,  and  shale,  often  abundantly  bituminous,  oogub. 
of  unknown,  but  of  great  tliickness,  for  a  portion  of  it  was  bored  throo^ 
to  a  depth  of  410  metres  (1345  feet).  It  contains  a  bed  of  magiM»i»« 
limestone  two  feet  thick.  It  is  specially  characterized  by  its  fishas  u^ 
the  remarkable  series  (^reptilian  remains  described  by  M.  Gaudiy.^ 

North  America. — The  Permian  system  is  hardly  represented  atallii 
this  part  of  the  ^lobe.  In  Kansas  certain  red  and  ^reen  clays,  sandstott 
limestones,  con^omerates,  and  beds  of  gypsum  he  conformably  oa  the 
Carboniferous  system,  and  contain  a  few  genera  and  species  of  moUuoi 
(BcJceveUicL^  MyaUna,  &o.)  which  occur  in  the  European  rermian  TOc)a.  i^ 
has  recently  been  urged,  however,  that  the  upper  part  of  the  Appalwlui* 
coal-field  should  be  regarded  as  belonging  to  the  Permian  system.  Tbe« 
strata,  termed  the  "  Upper  Barren  Measures,"  are  upwards  of  lOOO  fe^ 
thick.  At  their  base  lies  a  massive  conglomeratic  sandstone,  above  wIucb 
come  sandstones,  shales,  and  limestones,  with  thin  coals,  the  whole  beoos- 
ing  very  red  towards  the  top.  Professors  W.  M.  Fontaine  and  J*  ^ 
White  have  shown  that  out  of  107  plants  examined  by  them  from  tbtf' 
strata  22  are  common  to  the  true  Pennsylvanian  Coal^neasuies  and  2S  to 
the  Permian  rooks  of  Europe ;  that  even  where  the  species  are  distinct 
they  are  closely  allied  to  Imown  Permian  forms ;  that  the  ordinaiy  Om' 
measure  flora  is  but  poorly  represented  in  the  "  Barren  Measures,"  ^^ 
on  the  other  hand  vegetable  types  appear  of  a  distinctly  later  time,  f^** 
of  Pecopieris,  CaUipteridium^  and  Saporiasa  foreshadowing  chaiaoteii^ 

Slants  of  the  Jurassic  period.  These  authors  likewise  point  to  tbe  ^ 
ications  famished  by  the  strata  themselves  of  important  changes  ui  ^ 
physical  condition  of  the  American  area,  and  to  the  remarkable  p^^ 
animal  life  in  these  beds  as  in  the  red  Permian  rocks  of  £urq)0«  ^ 
evidence  at  present  before  us  seems  certainly  in  favour  of  regardipg^ 
upner  part  of  the  Appalachian  coal-fields  as  representing  the  reptilifei^ 
beds  overlying  the  Coal-measures  at  Autun  and  their  equival^xta' 

*  Delafond,  BviL  8oe,  CMl,  France,  iv.  (Se  $^,\  p.  727.  Gaadnr,  0*.  «^  ^ 
(Set*-.),  p.  62.  *^  ^ 

«  <*  On  the  Permian  or  Upper  Oarboniferonsllom  of  W.Yizgioia  and  S.>V.F<>^ 
Tanin,"  Second  Qeol  8urv.  tenn,  Jteport^  p.p.  1880. 
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PART  III.  Mbsozoio  or  Secondary. 

Section  I.  Triassio  and  Rheetio. 

It  has  been  already  mentioned  that  the  great  mass  of  red  rocks, 
which  in  England  overlie  the  Carboniferous  system,  were  formerly 
classed  together  as  New  Red  Sandstone,  but  are  now  ranged  in  two 
systems.  We  haye  considered  the  lower  of  these  under  the  name  of 
Permian.  The  general  fades  of  organic  remains  in  that  division  is 
still  decidedly  PalsBozoic  Its  brachiopods  and  its  plants  connect 
it  with  the  Carboniferous  rocks  below.  Hence  it  is  placed  at  the 
close  of  the  long  series  of  Palaeozoic  formations.  When,  however, 
we  enter  the  upper  division  of  the  red  rocks,  though  the  general 
lithological  characters  remain  very  much  as  in  the  lower  group,  the 
fossils  orin^  before  us  the  advent  of  the  great  Mesozoic  flora  and 
fauna.  This  group  therefore  is  put  at  the  base  of  the  Mesozoic  or 
Secondary  series,  though  in  some  regions,  as  in  England,  no  very 
satisfactory  line  of  demarcation  can  always  be  drawn  between 
Permian  and  Triassic  rocks.  The  term  Trias  was  suggested  by  the 
fact  that  in  Germany  the  group  consists  of  three  well-marked  sub- 
divisions. But  the  old  name,  New  Red  Sandstone,  is  familiarly 
retained  by  many  geologists  in  England.  The  word  Trias,  like 
Dyas,  is  unfortunately  chosen,  for  it  elevates  a  mere  local  character 
into  an  importance  which  it  does  not  deserve.  The  threefold  sub- 
division, though  so  distinct  in  Germany,  disappears  elsewhere. 

§1.  General  Characters. 

As  the  term  Trias  arose  in  Germany,  so  the  development  of  the 
Triassic  rocks  in  that  and  adjoining  parts  of  Europe  has  been 
accepted  as  the  normal  type  of  the  system.  There  can  be  little 
doubt,  however,  that  though  this  type  is  best  known,  and  has  been 
traced  in  detached  areas  over  the  centre  and  west  of  Europe,  from 
Saxony  to  the  north  of  Ireland,  reappearing  even  among  the 
eastern  States  of  North  America,  it  must  be  looked  upon  as  a  local 
phenomenon.  This  assertion  commends  itself  to  our  acceptance, 
when  we  reflect  upon  the  nature  of  the  strata  of  the  central 
European  Triassic  basins.  These  rocks  consist  for  the  most  part  of 
bright  red  sandstones  and  clays  or  marls,  with  layers,  nodules,  or 
veinings  of  gypsum,  beds  of  rock-salt,  bands  and  massive  beds  of 
limestone,  often  dolomitic.  Such  an  association  of  materials  points 
to  isolated  basins  of  deposit,  to  which  the  sea  found  occasional  access, 
and  in  which  the  water  underwent  concentration,  until  its  gypsum 
and  salt  were  thrown  down.  That  the  intervals  of  diminished 
salinity,  during  which  the  sea  renewed,  and  perhaps  maintained,  a 
connection  with  the  basins,  were  occasionally  of  some  duration,  is 
shown  by  the  thickness  and  fo8silif<@rous  nature  of  the  limestone?. 
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It  IB  eTidenty  howeTer,  that  in  tlii^y  as  in  all  other  geologicil 
periods,  the  prevalent  type  of  sedimentation  mnst  have  been  tlttt  of 
the  open  sea.  Though  traces  of  the  thoroughly  marine  eqaiTileiitB 
of  the  red  rocks  of  the  basins  have  been  less  frequently  detected, 
enough  has  been  observed  to  reveal  some  of  the  general  characters  of 
the  deposits  and  life  of  the  Triassic  sea.  In  the  Alps  masses  of 
limestone  and  dolomite,  with  sandstones  and  shales,  attaining  a 
united  thickness  of  many  thousand  feet,  are  replete  with  a  mariae 
fauna,  in  which  have  been  identified  or^nisms  that  occor  also  b 
Triassic  rocks  of  Northern  Siberia,  the  Himalaya  Mountains,  New 
Zealand,  and  the  Sierra  Nevada  on  the  Pacific  slope  of  Nortli 
America. 

Life. — A  more  or  less  marked  palseontological  break  occnn 
between  the  top  of  the  Palaeozoic  and  the  base  of  the  Mesosoic 
formations,  though  this  break  has  been  found  not  to  be  so  complete 
or  universal  as  was  at  one  time  supposed.  If  the  ordinary  marine 
deposits  of  the  time  should  yet  be  more  extensively  discovered  and 
searched,  the  hiatus  would  no  doubt  be  still  further  reduced. 

The  flora  of  the  Triassic  period  appears  to  have   conaisted 


Flo,  858. — Tj?niopteri8  vittata 
(Biongn.)  (*). 


Fig.  359. — Equisbttm  ooluxxa0 
(Brongn.)  G)- 


mainly  of  ferns  (some  of  them  arborescent),  equisetums,  coniferB,  and 
cycads.  Among  the  ferns  a  few  Carboniferous  genera  (P^eojiteu 
Cyelopt&ris)  still  survive,  but  new  forms  have  appeared— ilfiofmjAm 
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AerostichiUs,  Claihropteris,  CrematopteriSy  Sagenopteris.  The  earliest 
undoubted  horse-tail  reeds  occur  in  this  system.  Here  they  are 
represented  by  the  two  genera  Equisettm  (Fig.  359)  and  Sehizo- 
neura.  The  latter  genus  died  out  in  the  Jurassic  period,  but  the 
former  is  still  represented  by  twenty-five  living  species.  The  conifers 
are  represented  by  Volizia,  the  cypress-like  or  spruce-like  twigs  of 
which  are  specially  characteristic  organisms  of  the  Trias  (Fig.  360), 
and  hj  Awertia.  But  the  most  distinctive  feature  in  the  flora  of 
the  earlier  Mesozoic  ages  was  the  great  development  of  cycadaceous 
vegetation.  The  most  abundant  genus  is  Pterophyllum  ;  others  are 
Zamitesj  Pterozamites,  Podozamites,  Otozamites.     So  typical  are  these 


FlO.  360.--VOLTZIA  HETEBOPHTLLA  (BrODgTl.). 

plants  that  the  ilesozoic  formations  have  been  classed  as  belonging 
tothe"Ageof  Cycads." 

The  fauna  is  exceedingly  scanty  in  the  red  sandy  and  marly 
strata  of  the  central  European  Trias,  and  comparatively  poor  in  forms, 
though  often  abundant  in  individuals  in  the  calcareous  zones  of  the 
same  region.  From  the  Alpine  development  a  much  more  varied 
suite  of  organisms  has  been  disinterred.  Some  of  the  Alpine  lime- 
stones are  full  of  foraminifera.  Corals  abound  in  some  localities  in 
the  same  rocks.  Echinoderms  are  plentiful  among  the  limestone?, 
particularly  crinoid-stems,  of  which  these  rocks  are  in  some  cases 
almost  wholly  composed.    One  of  the  most  characteristic  fossils  of 
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the  Mnschelkalk  is]  the  Enerinus  liUiformis  (Fig.  361).  SpecieBof 
nichins  (Oidaris)  are  common  in  ^the  Alpine  Trias.  The  more 
fre^nent  InrachiopodB  are  species  of  Terebratula  (T.  vulffaris\  Bttiia, 
Sptri/erdf  and  Mynehcnma.  Of  the  lamellibranchs  one  of  the 
most  distinctiYely  Triassic  is  Myopharia  (M.  vulgaris^  M.  Kefenteim, 
M.  Whaileyea) ;  species  of  Peden  (P.  Iwvtgaius,  P.  discUes),  DacmeUoj 


Fio.  361.— Triabsio  FoaaiM. 
rt.  Ceralitea  nodoras  (De  Haan.);  6,  Estheria  minuta  (Gold.);  c,  Pullastia  arenicola 
(Strickland)  (nat.  size  and  enlarged) ;  d,  Encrinufl  liliiformis  (Sohloth.)  fnat  o»); 
0,  XaatiiuB  bidoraains  (Sohlotb.)  (}).  ^ 

MonoUsy  lAfiia,  GerviUia,  AvunUa,  Cardium,  Cardita,  Niieula, 
Casaianella,  PuUastra  (Fig.  361)  likewise  mark  different  zones  in  the 
system.  Among  gasteropods  We  find  representatives  of  the  genera 
Turbo,  Loxonema,  Ohenrnttzia,  NcUioa,  NcUieella,  TurriiMa^  and  othen. 
In  no  feature  is  the  contrast  between  the  palseontological  poverty  of 
the  German,  and  the  richness  of  the  Alpine  Trias  so  marked  ss  in 
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the  development  of  cephalopoda  in  the  respective  regions.    In  the 
former  area  the  nautili  are  represented  chiefly  by  a  few  species  of 
Nautilus  (N.  bidorsatus,  Fig.  361),  and  the  ammonites  by  species  of 
CeratUes  (C.  nodoms,  Fig.  361,  C.  semipartitus).    In  the  Alpme  lime- 
stones, however,  there  occurs  a  profusion  of  cephalopod  forms,  among 
which  a  remarkable  commingling  of  Palaeozoic  and  Mesozoic  types 
18  noticeable.    The  genus  Urth^ceras,  so  typical  of  the  Palceozoic 
rocks,  has  never  yet  been  met  with  in  the  German  Triassic  areas ;  but 
it  appears  in  the  Alpine  Trias  in  species  which  do  not  differ  much 
from  those  of  the  older  formatiots.    Side  by  side  with  these  survivals 
of   Palaeozoic    time    we    find    numerous    representatives    of   the 
distinctively  Mesozoic  tribe  of  Ammonites,  of  which  characteristic 
species  are  A.  (Arcestes)    Studeri^  -4.    (Arcestes)    nvultilobatus,   A. 
(Arcestes)  neortus,  A.  (Trachyeeras)  Aon,  A.  {Trachyeeras)  Muensteri, 
A.   (Pinacoceras) .  Mettemiehii,  A.    (Phylloeeras)    Jarbas,  Ceratites 
(several  species,  but  without  G,  nodosus).    The  fishes  of  the  Triassic 
period  have    been  but  sparinglv  preserved;   among  the  remains 
at  present  known  are  species  of  tne   genera    Ch/rol^my  Pholido^ 
phorus,  Hybodiis,  Acrodus,  &c.   The  ancient  order  of  Laoyrinthodonts 
still  flourished ;  numerous  prints  of  their  feet  have  been  observed  on 
sur&ces  of  sandstone  beds,  and  the  bones  of  some  of  them  have 
been  found    (Trematosaurus^  Mastodanscntrus).    Bones  and   some- 
times even  nearly  entire  skeletons  of    several  lacertilian  reptiles 
have  also  been  discovered,  the  most  important  genera  being  Telerpetony 
Hyperodapedon,  and  Bhynehosaurus.     The  earliest  deinosaurs  yet 
known  occur  in  this  system  (TJiecodontosaurus,  Teratosaurus,  PcLUeo- 
sawnis,  CladyodoUy  &q.)}     They  appear  to  have  walked  mainly 
on  their  hind  legs,  the  prints  of  their  hind  feet  occurring  in  great 
abundance  amon^  the  red  sandstones  of  Connecticut.    Many  of 
them  had  three  bird-like  toes  and  left  foot-prints  quite  like  those 
of  birds.    Others  had  four   or   even  five  toes,  and  attained  an 
enormous  size,  for  a  single  foot-print  sometimes  measures  twenty 
inches  in  length.    The  earliest  forms  of  crocodiles  likewise  occur 
among  Triassic  rocks  in  the  genera  Stagonolepis  and  Belodon.     It 
has    been  supposed  that   evidence  of   the  existence  of  Triassic 
birds    is    furnished    by    the    three-toed   foot-prints  just    referred 
to.    But  probably  these  are  mostly  if  not  entirely  the  tracks  of 
deinosaurs,  the  absence  of  two  pairs  of  prints  in  each  track  being  ac- 
counted for  by  the  bird-like  habit  of  the  animals  in  the  use  of  their 
bind  feet  in  walking.    One  of  the  most  noteworthy  facts  in  the 

Sala&ontology  of  the  Trias  is  the  occurrence  in  this  system  of  the 
rst  relics  of  mammalian  life.  These  consist  of  detached  teeth  and 
lower  jaw-bones,  referred  to  small  marsupial  animals  allied  to  the 
Myrmecobius,  or  Banded  Ant-eater  of  New  South  Wales.  The 
European  genus  is  Mierolestes  (Hypsiprimnopsis),  In  the  Trias  of 
North  Carolina  an  allied  form  has  been  described  under  the  name 
of  JDromaOierium. 

*  See  on  deinoBaora  of  the  Trias,  Huxley,  Q.  J,  OeoL  80c.  xxyi.  82. 
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§2.  Local  Derelopment 

BritaixL^ — ^Triafisio  rocks  occupy  a  large  area  of  the  low  piUnism^ 
oentre  of  England^  ranging  thence  northwards  along  the  flanki  of  tie 
OEtrboniferoTLB  tracts  to  Lancaster  Bay,  and  sonthwards  bj  the  hetd  :f 
tiie  Bristol  Channel  to  the  south-east  of  DeYonshire.  Tlfej  haTo  hea 
arranged  in  the  following  sabdivisions  : 


Bhmiie 


Upper  Trias 
or  Keaper. 


Middle 


Lower  Trias 
or  Bunter. 


Penarth  beds.— Bed,  green*  and  grey  Barln  and  **  White  Um." 
fNew  Bed  Marl.— Rod  and  grej  shales  and  maris,  with  bedi 

of  rock-salt  and  gypsom  {Ettkeria  and  f  omwa^^era). 
Lower  Keuoer  Sandstooe. — ^Thinlj  laminated  miciMieoM  sMii- 

stones  ana  marls  (watentones),  passing  downwaida  into  wkik, 

brown,  or  reddish  sandstones,  with  a  base  of  { 
,    glomerate  or  breccia. 

Wantlof?  in  England  (Mnsrhrikalk  of  GemMuay). 
Upper  Motaed   Sandstone.— Soft   bright-red 

sandstones,  withoat  pebbles. 
Pebble-beds.^Harder  reddish4xrown~Muidstofie8  with  qvartssi 

pebbles,  passing  into  oone^omerate;  with  a  base  of  t 

oreooia. 
Lower  Mottled  Sandstone.  —  Soft  bright-red  and 
,    sandstone,  withoat  pebbles. 


Like  the  Permian  red  rocks  below,  the  sandstones  and  maris  of  tb 
Triassic  series  are  almost  barren  of  organic  remains.  ExtxaordiBirT 
differences  in  the  development  of  their  sereral  members  oooor,  ent 
within  the  limited  area  of  England,  as  may  be  seen  finom  the  sabjoinc^ 
table,  which  shows  the  rariations  in  thickness  from  north-west  to  sovtk- 
east: 


Koupcr. 


Banter. 


LftDcaihire 
•ndW. 
Cbcflhire. 


Bed  marl 

Lower  Keaper  sandstone 

Upper  mottled  sandstone 

Pebble  beds  . 

Lower  mottled  sandstone 


SUSbrdriiirc 


Feet. 

8000 

450 

500 

500-750 

200-500 


Feet. 

800 

200 

50-200 

100-300 

0-100 


Fed. 
709 
150 

ftbMDt 

0-109 


Hence  we  observe  that,  while  towards  the  north-west  the  Tria« 
rocks  attain  a  maximum  depth  of  6200  feet,  they  rapidlj  come  down  t- 
a  fifth  or  a  sixth  of  that  thickness  as  thej  pass  towiotls  the  sonth-evt 
South-westwards,  however,  thej  swell  out  in  Devon  and  Somerset  U 
probably  not  less  than  2500  or  3000  feet.^  Recent  borings  in  the  soat^ 
eastern  counties  show  that  the  Triassic  rocks  are  there  absent  altogeibff. 
It  is  evident  that  tbe  source  of  supply  of  the  sediment  lay  towards  tk 
north  or  north-west.  This  is  furtner  borne  out  by  the  cbaracter  of  tk 
pebble-beds.    These  are  coarsest  towards  tbe  norUi,  and,  besides  \oai 

>  See  E.  Hall,  ''Permian  and  Triassic  Rocks  of  Eugland."  Gwlogitai  fivMf 
Memoir$,  1869;  BL  B.  Woodward,  Gtol.  Mag. ;  1874,  p.  885;  UMber,  Q,  J,  GmL  Sm- 
xxziu  367;  xxxIt.  459;  Etheridge,  Op,  cU.  xxvL  174 ;  A.  Irrmg,  GtoL  Jbo.  MTii 
p.  814 :  1877,  p.  809 ;  W.  T.  ATeUne,  Op.  cU.  1877.  p.  880. 

>  UMher,  Q.  J.  QeoL  8oe.  xxxiL  392. 
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materials,  contain  abundant  rolled  pebbles  of  quartz  which  have 
evidently  been  derived  from  some  previous  conglomerate,  probably  from 
some  of  the  Old  Bed  Sandstone  masses  now  removed  or  concealed.  The 
Trias  rests  with  a  more  or  less  decided  unconformability  on  the  rocks 
underneath  it,  so  that,  although  the  general  physical  conditions  as  re- 
gards climate,  geography,  and  sedimentation,  which  prevailed  in  the 
Permian  period  still  continued,  terrestrial  movements  had,  in  the  mean- 
"wliile,  tasen  place,  whereby  the  Permian  sediments  were  generally  up- 
raised and  exposed  to  denudation.  Hence  the  Trias  rests  now  on 
Permian,  now  on  Carboniferous,  and  sometimes  even  on  Cambrian  rocks. 
Moreover,  the  upper  parts  of  the  Triassic  series  overlap  the  lower,  so 
that  the  Keuper  groups  repose  successively  on  Permian  and  Carboniferous 
rocks. 

The  beds  of  rock-salt  in  the  English  Trias  have  long  been  profitably 
worked.  The  uppermost  subdivision  of  the  Keuper,  consisting  of  red 
marls,  has  a  wide  distribution,  for  it  can  be  traced  from  the  coast  of 
Lancashire  to  the  Bristol  Channel,  and  covers  a  larger  area  of  surface  in 
the  central  counties  than  the  rest  of  the  Trias  and  the  whole  of  the 
Permian  sandstones  combined.  Even  as  far  south  as  the  coast  of  Devon- 
shire, it  contains  casts  of  the  cubical  spaces  once  occupied  by  crystals  of 
common  salt.  But  in  Cheshire  the  salt  occurs  in  two  or  more  beds,  of 
which  the  lower  is  sometimes  upwards  of  100  feet  thick.  It  is  a 
crystalline  substance,  usually  tinged  yellow  or  red  from  intermixture  of 
clay  and  peroxide  of  iron,  but  is  tolerably  pure  in  the  best  parts  of  the 
beds,  where  the  proportion  of  chloride  of  sodium  is  as  much  as  98  per 
cent.  Through  the  bright  red  marls  with  which  the  salt  is  interstrati- 
fied  there  run  bands  of  gypsum,  somewhat  irregular  in  their  mode  of 
occurrence,  sometimes  reaching  a  thickness  of  40  feet  and  upwards.  Thin 
seams  of  rock-salt  likewise  occur  among  the  red  marls. 

As  compared  with  the  Trias  of  Germany  and  France  the  most  dis- 
tinctive feature  of  the  English  development  of  the  system  is  the  absence 
of  the  central  calcareous  and  dolomitic  member.  It  will  be  observed, 
indeed,  from  the  foregoing  table  that  a  zone  of  calcareous  conglomerate 
or  breccia  is  frequently  observable  in  central  England  at  the  base  of  the 
Eenper  groups.  In  the  Bristol  area  a  remarkable  dolomitic  conglomerate, 
marking  a  shore  line  in  Triassic  times,  occupies  perhaps  the  same  position. 
It  averages  20  feet  in  thickness,  but  rises  here  and  there  into  cliffs  40  or 
50  feet  high.  It  has  yielded  two  genera  of  Deinosaurs,  Palaosaurus  and 
ThecodonUmurvs}    (See  pp.  486,  493.) 

The  organic  remains  of  the  English  Bunter  and  Keuper  are  com- 
paratively few,  as  the  conditions  for  at  least  animal  life  must  have  been 
extremely  unfavourable  in  the  waters  of  the  ancient  Dead  Sea  wherein 
these  red  rocks  were  accumulated.  The  land  possessed  a  vegetation 
which,  from  the  fragments  yet  known,  seems  to  have  consisted  in  large 
measure  of  cypress-like  coniferous  trees  (  Voltzia,  Walchia),  with  calamites 
on  the  lower  more  marshy  grounds.  The  red  marl  group  contains  in 
some  of  its  layers  numerous  valves  of  the  little  crustacean  Estheria 
mintUa,  and  a  solitary  species  of  lamellibranch^  PvUasira  arenicola.  A 
number  of  teeth,  spines,  and  sometimes  entire  skeletons  of  fish  have 
been  obtained  (pipteromtm  cyphuSj  Paleeoniscus  superstes,  Hyhodua  Keuperi^ 
Acrodw  minimuSf  ^phenonchua  mnimus,  Lophodus,  d^c).     The  bones,  and 

*  Etheridge,  Q,  J,  OttH.  Soo.  xxvl.  174. 
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still  more  frequently  tbe  footpiints,  of  labjrinthodont  and  even  of 
saurian  reptiles  occnr  in  the  Keuper  beds — Labyrinthodon  (4  spedee), 
Cladyodon  JAoydii,  Hyperodapedon^  Pahoosaurus,  Teratoiaurug^  TheeodomiO' 
aaurWf  Bhynchaaaurus^  and  footprints  of  Cheirothertum,  The  remains  of  the 
small  marsupial  Microlestes  have  likewise  been  discoyered. 

At  the  top  of  the  Red  Marl  certain  thin-bedded  strata  form  a 
gradation  upwards  into  the  base  of  the  Jurassic  system.  As  their 
colours  are  grey  and  blue,  and  contrast  ^ith  the  red  marls  on  which 
they  repose  conformably,  they  were  formerly  classed  without  hesitation 
in  the  Jurassic  series.  Egerton,  however,  showed  that,  from  tbe 
character  of  their  included  fish  remains,  they  had  more  paleeontological 
affinity  with  the  Trias  than  with  the  Lias.  Subsequent  research, 
particularly  among  tbe  Rhastic  Alps  and  elsewhere  on  the  Continent, 
brought  to  light  a  great  series  of  strata  of  intermediate   diaracters 


Fia.  362.— Rhjetio  Fossils. 

«,  Cardiiim  rhroticnm  (Merian.);  &.  Avicula  contorta  (Portlook);  c,  Pecten] 
Toloniensis  (Defrance). 

between  the  previously  recognized  Trias  and  Lias.  These  results  led  io 
renewed  examination  of  the  so-called  beds  of  passage  in  England,  which 
were  found  to  be  truly  representative  of  the  massive  formations  of  the 
Tyrolese  and  Swiss  Alps.  They  are  therefore  now  known  as  Rhajtic, 
(sometimes  as  Infra-Lias)  and  are  usually  classed  as  the  uppermost 
member  of  the  Trias,  but  offering  evidence  of  the  gradual  approach  of 
the  physical  geography  and  characteristic  fauna  and  flora  of  the  Jurawic 
period. 

The  Rhaetio  beds  extend  as  a  continuous  though  very  thin  band  at  the 
top  of  the  Trias,  from  the  coast  of  Yorkshire  across  England  to  Lyme 
Regis  on  the  Dorsetshire  shores.  They  occur  in  scattered  patches  even 
up  as  far  as  Oarlisle,  and  westwards  on  both  sides  of  the  Bristol  Cbannel 
Tneir  thickness,  on  the  average,  is  probably  not  more  than  50  feet, 
though  it  rarely  increases  to  150  feet.     They  consist  of  thin-bedded  grey 
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and  dark  shales  and  clays,  >vith  bands  of  light-coloured  limestone.  One 
of  their  most  important  subdivisions  is  the  so-called  Bone-bed — a 
pyritous,  micaceous,  and  occasionally  rippled  sandstone,  sometimes  in 
several  bands,  abounding  in  fish  bones,  teeth,  coprolites,  and  other 
organic  remains.  A  simiW  bone-bed  reappears  on  the  same  horizon  in 
Hanover,  Brunswick,  and  Franconia.  The  grey  marly  beds  in  the  lower 
portion  of  the  series  have  yielded  remains  of  Microlestes  antiquus  and  M. 
Mhseticus.  Among  the  reptilian  fossils  are  some  precursors  of  the  great 
forms  which  distinguished  the  Jurassic  period  (IcMhyosaurm  and 
Plesiosaurus).  The  fishes  include  Acrodus  mtnimu^,  Ceratodua  alius  (and 
five  other  species),  Hyhodus  fninor^  Nemacanthus  monilifer,  &o.  Some  of 
the  lamellibranchs  (Fig.  362)  are  specially  characteristic;  such  are 
CarcUum  Bheeticum^  Avicula  conUtrta^  JPecten  Valonieimay  and  PuUaatra 
arenicola.^ 

Central  Eiurope. — ^The  Trias  is  one  of  the ''most  compactly  dis- 
tributed geological  formations  of  Europe.  Its  main  area  extends  as  a 
great  ba^  from  Basel  dovm  to  the  plains  of  Hanover,  traversed 
along  its  centre  by  the  course  of  the  Rhine,  and  stretching  from  the 
flanks  of  the  old  high  grounds  of  Saxony  and  Bohemia  on  the  east 
across  the  Yosges  Mountains  into  France.  This  must  have  been  a  great 
inland  sea,  out  of  which  the  Harz  Mountains,  and  the  high  grounds 
of  the  Eifel,  Hundsruck,  and  Taunus  probably  rose  as  islands.  To  the 
westward  of  it  the  Paheozoic  area  of  the  north  of  France  and  Belgium 
had  been  raised  up  into  land.^  Along  the  margin  of  this  land  red  con- 
glomerates, sandstones,  and  clays  were  deposited,  which  now  appear  here 
and  there  reposing  unconformably  on  the  older  formations.  Traces  of 
what  were  probably  other  basins  occur  eastward  in  the  Carpathian 
district,  in  tne  west  and  south-east  of  France,  and  over  the  eastern  half 
of  the  Spanish  peninsula.  But  these  areas  have  been  considerably 
obscured,  sometimes  by  dislocation  and  denudation,  sometimes  by  the 
overlap  of  more  recent  formations.  In  the  region  between  Marseilles 
and  Nice  Tnassic  rocks  cover  a  considerable  area.  Thev  contain  feeble 
representatives  of  the  gris  higarrS  or  Bunter  beds,  and  of  the  mames 
inaSes  or  Keuper  division,  separated  by  a  calcareous  zone  believed  to 
be  tiie  equivalent  of  the  Muschelkalk  of  Germany.  Their  highest 
platform,  the  Rhaetic  or  Infra-LtaSy  contains  a  shell  bed  abounding  in 
Avicula  contorta,  and  is  traceable  throughout  Provence.^ 

In  the  great  German  Triassio  basin  the  deposits  are  as  shown  in  the 
subjoined  table : 

J  rRluetio  (In&a-LiaB). — Grey  sandy  clays  and  fine-grained  sandstones,  oontain- 
*-g  I  ing  Equieetumj  Atjpienite$,  and  cycads  (ZamitM,  PteropkyUum),  sometimes 
^  j  forming  thin  seams  of  coal — Cardium  RhaUieumi  Avicula  contorta,  Estheria 
P4  {    minuta,  Noiho»auruB,  Tremato$auru$f  Belodon^  and  MicroUsies  aniiquuB,* 

»  Strickland.  Froc,  Qeol.  8oc,  iii.  part  ii.  p.  585.  E.  B.  Tawny,  Q.  J,  GeoL  8oe, 
xxiL  p.  69 ;  P.  B.  Brodie,  Op.  cit,  p.  93 ;  F.  M.  Burton,  xxiii.  p.  815 ;  O.  Moore,  xvi. 
p.  483;  xxiii.  p.  459;  xxxvii.  pp.  67,  459;  W.  J.  Harrison,  xxxii.  p.  212;  P,  M.  Duncan, 
xxiii  p.  12 ;  J.  W.  Dayis,  xxxvil.  p.  414. 

*  This  land,  acoordhig  to  MM.  Comet  and  Briart,  rose  into  peaks  16,000  to  20,000 
feet  high  1 

»  Hebert,  BuIL  Soo.  Okl  France  (2e  «^.),  xix.  p.  100.  Dieulafiait,  Ann.  Sci.  GSd. 
i.  p.  837. 

*  The  Avicula  contorta  zone  (see  Dr.  A.  von  Dittmar,  <<  Die  Contorta-Zone,**  Munich, 
1864)  ranges  ftrom  the  Oarpathians  to  the  noirth  of  Ireland  and  f^om  Sweden  to  the  hills 


Digitized  by 


Google 


768  STBATIGBAPHICAL  GEOLOGY.        [BaaYl 

/Bimte  Keopecmeigd,  Gymkenper. — Brifidbt  red  and  mottled  nuk,  la^ 
I  bedt  of  gypmm  and  rock-ttlt.  In  tooia  places  iriwre  Mmdatrntfa  apfflB 
I  ih^  contain  nmneroiu  pianta  (£i}iiiie<taB  eoUmman^  PteropijfUmm^  tt.), 
.  I  and  lab]ninthodoiit  and  fiafa  lemaina.  300  to  1000  feet. 
^  r  Lettenkolde,  Kohkokenper. — Qrej  aandstooes  and  dark  —  rfa  aad  dam 
g*  with  abondant  plants,  aometiiDes  fonning  thin  seams  of  an  eutkj  ksidly 
workable  coid  (Lettenkohle).  The  plants  indnde,  besides  tfaow  akm 
m^itioned,  the  conifers  Arauearioxwlou  Thurimgicmmi^  Vcttna  hiimnikjilt, 
Ac  Someof  the  shales  are  crowded  with  small  o6traoodcnistBcea(£id«rM 
minutd).  Remains  of  fish  iCeraiotUu)  and  of  the  MatJodmnamrmM  Jhferi 
hare  been  obtained.  About  230  feet 
Upper  Limestone  (troe  Mnsohelkalk)  in  thick  beds  with  argiUaeeoos  partis^ 
— ^It  abounds  in  organic  remains,  among  which  KamiiUu  bidormthu,  Lkm 
itriata,  Myophoria  rndgaris,  Trig<moau»  Samdbergeri^  and  TertbrsiJM 
vulgaris  are  specially  charsbcteristic,  with  Emaruuu  Uliiformu  ia  the 
^  I  lower  and  CeraUU$  nodonu  in  the  upper  part  of  the  roi^  It  ia  a  marine 
««  I  formation,  sometimes  almost  wholly  nuufs  up  of  crinoid  sterna.  tOi  t> 
^/     400feet 

•^  I  Middle  Limestone  and  Anhydrite,  consisting  of  dolomites  with  anhydrite, 
g  gypstun,  and  rock-salt  Nearly  devoid  of  organic  remains,  thooc^  boBct 
^       and  teeth  of  sauriAns  hare  been  found.    200  to  400  feet 

Lower  Limestone  (WellenkalkX  oonsisting  of  limestones  and  dolooiiles,  bit 

on  the  whole  poor  in  fossils,  save  in  the  limestone  bands,  some  of  whle:i 

form  a  lower  zone  fall  of  Encrinut  ItHiformU,  while  a  hig^faer  aooe  is 

\  characterized  by  Myophoria  arhicutarU,    160  to  500  feet 

/  Upper  (Roth). — Red  and  green  marls,  with  gypsum  in  the  lower  part    230 

to  300  feet    (Myo^uma  codaia,) 
Middle. — Coarso-gmincd   sandstones,  sometimes  incoherent   (FbttsM-asod- 

stones),  with  wayboards  of  Ettheria^hale. 
Lower. — Fine  reddish  argillaceous  sandstone  (Ot^  des  Vosges),  often  mies- 
^  J     ceous  and  fissile,  with  occasional  interstratinoations  of  dolomite  and  o(  ikt 
g  (     marly  oolitic  limestone  called  **  Rogenstein.** 

The  Bunter  divinon  is  usually  barren  of  organic  remains.  The  plants 
already  known  include  Equitetum  arenaeeum,  one  or  two  fiarna,  and  a  few 
conifers  {Albertia  and  Vdizia),  The  lamellibranch  Myophoria  oostola  u 
found  in  the  upper  division  all  over  Germaov.  Numerous  footprints  oocw 
on  tlie  sandstones,  and  the  bones  of  labyrinthodonts  as  well  as  of  fish  hars 
\    been  obtained. 

Alpine  Trlas.^ — The  Trias  attains  an  enormous  development  in  the 
eastern  Alps,  where  it  bears  evidenee  of  having  originated  under  verx 
different  conditions  from  those  of  the  Trias  in  Qermanj.  The  fnd 
thickness  of  its  limestones,  and  their  unequiyocally  marine  organisBi, 
show  that  it  must  have  accumulated  in  opener  water,  which  remiined 
clear  and  comparatively  free  from  inroads  of  sandy  and  muddy  sediinaBt 
It  possesses,  moreover,  a  high  interest  as  being  a  massive  lormatioD  d 
marine  origin  formed  between  Permian  and  Jurassic  times,  and  contaiit- 
ing,  as  already  stated,  a  remarkable  blending  of  true  Palsoozoic  orgmiff* 
with  others  as  characteristically  Mesozoic.  Including  the  Bhetk)  de- 
posits it  is  divided  into  three  great  series : 


of  Lombardy.  In  northern  and  western  Europe  it  forms  part  of  a  thin  littofal  or  AsDov* 
water  formation,  which  over  the  region  of  the  Alps  expands  into  a  massive  osleaisip 
series,  which  accumulated  in  a  deeper  and  dearer  sea.  It  is  well  develop^  sIsd  ii 
northern  Italy.  See  Stoppani,  ^'G^logie  et  Pal^ontologie  des  Conches  k  Aricsb 
Oontorta  en  Lombardie,"  Milan,  1881.  On  the  plants  of  the  Rhatio  beds  of  8otti«i  m* 
G.  de  Saporta,  Ann.  8ei.  0461.  (1877). 

>  See  Oambel  **  Geog.  Desclireib.  des  Bayerisch.  Alpen,*'  1861 :  Stur, "  Geologie  ^ 
Steiermark,"  1871;  £.  von  Moisisovics,  Jahrb.  QooL  RriehManataU.  Vienna,  IM 
1874, 1875,  and  '*  Dolomitriffe  SQdtirols  uod  Yenetiens,"  1878,  and  memoirs  bv  Rm^ 
liofen,  Yon  Ilauer,  Laube,  SUas,  and  others  in  the  Jahrb.  OtoL  ReUi^mxMUiir,  V« 
Uauor*s  "  Die  Geologie,'*  p.  358,  et  ieq. 
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^Koflsen  beds  (Gtorvillia  beds,  Azzaiola  group  of  Lombardy). — ^Dark 

marly  shales.  Fossils  ohiefly  small  lamellibranohs  and  braohiopods. 

Dachstein  Limestone  (Megaloans-kalk). — ^Large  speoies  of  Megalodu$ ; 

some  beds  aie  cond-reefiB ;  oertain  limestone  bands  (Starhemb^rg- 

beds)  are  crowded  with  fossils,  especially  braohiopods  like  those  of 

;  'g  (     the  Koasen  beds. 

1 1  \Daohstein  Dolomite  (Hanpt  Dolomit,  Opponitzer  Dolomit,  Seefelder 
Dolomit)  Dolomia  media  of  Italy). — ^A  JMtle,  well-bedded,  finely 
crystalline  rock,  splitting  into  angnlar  fragments  in  weathering, 
nsoally  anfossiUferous,  bat  where  it  passes  into  limestone  some- 
times full  of  large  bivalves  {Megdlodw  triqueter). 
/3rd  series  of  shaly,  sandy,  and  marly  rocks,  comprising  in  dif- 
'    ferent  localities  tho  following  gronps  of  strata — 

Oardita  beds,    with   nmnerons   fossils.    Limestone-Alps   of 

North  Tyrol. 
Oomo  and  Dossena  beds.    Lombardy  Alps. 
Raibl-beds — shales,    marls,   ^c,    comprising    abundant   or- 
ganisms (plants,  crustaceans,  cephalopods,  &hes) ;  Southern 
Carinthia. 
2nd  series  of  calcareous  and  dolomitio  rocks,  with  varying 
local  development — 

Potsohen   Limestone,   containing  fossils   like   those  of  the 

Hallstatt  Limestone. 
Hallstatt  Limestone— a  red  and  mottled  marble  which  in  the 
Balzkammergut  lies  on   the  Zlambach  beds.    Its  fosdls, 
chiefly  cephalopods,  some  of  them  of  gl^antio  sise,  are 
among  the  most  interesting  of  the  Alpine  Tnas. 
Wetterstoin  Limestone  and  Ilolomite,  in  North  T^iol  and  the 

Bavarian  Alps,  Iving  on  the  Partnach  beds. 
Esino  Limestone,  characterised  hv  its  large  gasteropods,  nume- 
rous lamellibranchs,  and  cephiJopods. 
Bchlem  Dolomite,  a  white  saccharoid  rock,  containing  chiefly 
foraminifera,  3280  feet  thick,  forming  picturesque  groups  of 
mountains  (l>tpIopom  annukUa,  ChemnUnOy  Natica), 
1st  series  of  shaly  and  marly  formations — 

Lunz  beds,  containing  seams  of  coal  and  abundant  terrestrial 
plants,  and  formimi;  the  only  known  fitesh-water  group  in 
the  upper  Alpine  Trias. 
Partnacn  beds,  dark,  poorly  fossiliferous  shales. 
Zlambach  beds— marb  and  homstone-like  limestone,  containing 
an  abundant  fisiuna  with  large  cephalopoda,  lamellibranohs, 
and  numerous  corahi. 
8i  Cassian  beds— calcareous  marls  lying  at  Si  Oassian,  South 
Tyrol,  above  the  Wengen  beds,  and  marked  by  their  extra- 
oidinarfly  rich  fauna  (37  anmionites,  3  orthoceratites,  205 
gasteropods,  70  lamellibranohs,  83  Ivachtopods,  29  echini, 
10  crinoids,  42  corals,  and  86  sponges  aro  described). 
Wengen  beds— dark  shales  and  tuft-sandstones  wiUi  DaoneUa 
{Malobid)  Lommdi^  Pondonomya  WengensUf  and  Ammonites 
of  the  Ttachycerat  group,  rating  on  the  tufiaceous  and 
siliceous  Buchonstein  beds. 
2nd.  Yirgloria  Limestone  (WeUenkalk)  or  Alpine  Musohelkalk 
—a  series  of  limestones  and  dolomites  composed  of  the  following 
groups — 

0.  Oeohalopod  Limestone  (Beiflinger  Kalk),  with  numerous 
oepnalopods  {Ammonites  {Areeste$)  Studeri,  CercUiies  hino' 
do9us), 
m  a.  Braohi(^x)d  Limestone  (Becoarokalk),  distinguished  by  the 

/  number  of  ite  braohiopods  {Rettia  trigoneUc^  Spiri/erina 

MenUdl,  Sec.), 
1st.  Werfen  (Groden)   Sandstones  and  Guttenstein  Lime- 
stone  (Seisser,    Campiler   Schiohten).     {Pleuromya  fn*men9%$^ 
Potidoncmya  Claraij  Avieula  venetiam^  ^aiiceUa  cotdata,  Turbo 
reciecoKtaiWy    Ceraliten    caitsianuSy    &c).      These    betls    may    be 

\   paralleled  with  the  WAh  or  uppermost  division  of  tho  Cierman 
Bunter.  3  d 
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The  lower  division  of  the  Alpine  Trias  rang^  tiuoo^  neulj  tW 
whole  raotintain-cbain,  presenting  everywhere  the  same  genersl  petn- 
graphical  and  paUeontulogical  diaracters.  Henoe  it  has  been  q 
invaluable  datum-line  from  which  to  imraTel  the  oom|^iGated  itnicCiR 
of  that  region* 

North  America. — ^Bocks  which  are  r^arded  as  eqidvaknt  to  ^ 
European  Trias  cover  a  large  area  in  North  America.  On  thb  Atha*;- 
coa«t  thej  are  found  in  Prince  Edward's  Island,  Xew  Bran^vKk. 
and  Nova  Scotia,  in  Connecticut,  New  York,  Pennsylvania^  and  Sorti 
Carolina.  Spreading  over  an  enormous  extent  of  the  wcoicm  tanton^, 
thej  cross  the  Rocky  Mountains  into  California  and  British  C<4iimba. 
They  consist  mainly  of  red  sandstones,  passing  sometixnea  into  ooc- 

glomerates,  and  often  including  shales  and  impure  linMstonea.  A 
istinotion  may  be  drawn  between  the  system  as  developed  ia  ^ 
eastern  and  central  parts  of  the  continent  on  the  one  hand  and  aks^c 
the  Pacific  slope  on  the  other.  In  the  former  wide  region  the  ndkk 
evidently  laid  down  in  inland  basins  like  those  of  the  same  pefiod  ii 
Europe,  are  remarkably  barren  of  organic  remains.  Their  fosBil  oonteeti 
include  remains  of  terrestrial  vegetation  with  footprints  and  other  tiaoa 
of  reptilian  life,  but  with  hardly  any  indications  of  the  presence  of  iht 
sea. 

The  fossil  plants  present  a  general  fades  like  that  of  the  Ewptti 
Triassic  flora,  among  them  cycads,  includine  some  of  the  EurofMi 
species  of  PterophyUum.  Ferns  (Pecapteris^  Neuropteris^  CZoAropfcfv. 
calamites,  and  com'fers  are  the  predominant  forms.  The  fiums  a 
remarkable  chiefly  for  the  number  and  variety  of  its  vertefaratea.  Tb 
labyrinthodonts  are  represented  by  footprints,  from  which  npwaidf  ct 
fifty  sp  cies  have  been  described.  Saurian  footprints  have  likewise  bea 
recognized ;  in  a  few  cases  their  bones  also  have  been  found.  Sone  ^ 
the  vertebrates  had  birdlike  characteristics,  among  others  that  of  tbree 
toed  hind  foot,  which  produced  impressions  exactly  like  those  of  htA 
But  as  already  remarked,  it  is  by  no  means  certain  that  what  have  beec 
described  as  **  omithichnites  "  were  not  really  made  by  deinoaanrs.  TW 
small  insectivorous  marsupial  (^Drofnaiherium)^  above  referred  to,  foimdii 
the  Trias  of  North  Carolina,  is  the  oldest  American  mammal  yet  knov^ 
On  the  Pacific  slope,  however,  a  very  different  development  of  tie 
Trias  occurs.  The  strata  are  estimated  to  attain  a  thickneaa  of  solB^ 
times  as  much  as  14,000  or  16,000  feet  They  contain  distinetly  muiae 
organisms,  which  include  a  mingling  of  such  Paheozoic  genera  as  Spiri/ef*, 
Orihoceras,  and  Qoniatites,  with  characteristically  Secondary  forotf,  »* 
ammonites  (Ceraidtes  Haidingeri,  Ammonites  ausseanus,  &c,)  and  bivahct  <^' 
the  genera  Halohta^  Monotisy  Myophoriay  &c. 

Asia. — The  Trias  has  a  wide  extension  in  this  continent.  Stnti 
with  Ceratites  and  Orthoceratites  occur  in  Beloochistan,  and  in  the  J?«}J 
Range  of  the  Punjaub.  In  northern  Kashmir  and  western  Tibet  a  wll- 
developed  succession  of  Triassic  formations  occurs  among  the  HiiBalA\i3 
ranges,  sometimes  exceeding  4000  feet  in  thickness.  It  contains  nasf 
of  the  same  species  of  fossils  as  occur  in  the  Alpine  Trias,  Some  of  i"* 
forms  are  Ammonites  floridtu,  A.  diffusuSy  Hakhia  LommeUy  McmoU*  sdUatni, 
Megalodon  triquetevy  while  the  fresh-water  beds  {Karhatrhdri)  in  tlr 
Gondwana  series  of  India  contain  a  distinctly  Bunter  asserohb^  «^ 
plants,  including  VoUzia  heterophylla  and  Albert  (near  A,  tpeciotay 

>  Medlioott  and  Blmford'a  •*  Geology  of  XtMUa,"  pp.  xlfi  114^ 
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Australia. — In  New  South  Wales,  Yiotoria,  and  Queensland  an 
important  coal-bearing  series  of  strata  occurs,  containing  a  flora  which 
has  many  affinities  with  that  of  the  Trias  of  Europe  and  of  Asia.  Among 
its  plants  are  species  of  Oyclopteris^  Oangamopterisy  OlosaopteriSy  OdorUopteris^ 
Peeopteris^  Sphenopieris^  Tseniopteiisy  and  Zamites^ 


Section  II. — Jnrassio  System. 

The  position  of  this  ^eat  series  of  fossiliferous  rocks  was  first 
recognized  in  the  geolojpcal  series  in  England  by  William  Smith, 
and  received  the  name  of  "  Oolitic  "  from  the  frequent  and  character- 
istic oolitic  structures  of  many  of  its  limestones.  Lithological  names 
being,  however,  objectionable,  the  term  "Jurassic,"  applied  by  the 
geologists  of  France  and  Switzerland  to  the  great  development 
of  the  rocks  among  the  Jura  Mountains,  has  now  been  universally 
adopted. 

§  1.  General  Characters. 

Jurassic  rocks  have  been  recognized  over  a  large  part  of  the  world. 
But  they  no  longer  present  that  general  uniformity  of  lithological 
character  so  marked  among  the  Palaeozoic  systems.     The  suite 


Fio.  863.— JuRAflsio  Ferns  (Lower  Oolite). 
a,  Sphenopteris  trichomanoideB  (Brongn.);  h,  TsBoiopteris  major  (Lindl.  and  Hnti)  Q): 
e,  PecopteriB  dentatns  (LindL  and  Hatt.)  (nat.  size  and  mag.) ;  d,  Phlebopteria 
polypodiodee  (Brongn.)  (nat  size  and  mag.). 

of  rocks  changes  as  it  passes  from  England  across  France,  and  is 
replaced  by  a  distinctly  different  type  in  Northern  Germany  and  by 
another  in  the  Alps.   If  we  trace  the  system  further  into  the  Old 

3  D  2 
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TtM,  Jnrm^lc  fanna  pme&ta  a  &r  more  Taned  aspect  itan*^ 

iA  may  U  tl^.  preceding  mtema     Owing  to  the  intocalitkm  » 

nnuHmmM  fr^h-wttUsr,   and    aometuiies    eroi    terrestrial,  <J«(»* 

w/og  tb^  marine  formations,  traces  of  the  life  of  the  lakes  m 

r^  a*  w^-II  w  of  the  land  itaeli;  hare  been  to  some  extefft 

t«lm/^I,  be«/Je«  the  preponderant  marine  forms.     The  condition? 

HiHitntfmUium  hare  likewise  been  fayonrabJe  for  the  preservation 

»  mjcfu,^um  of  varied  phases  of  marine  life.     Profe^r  PbiBit* 
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lias  directed  attention  to  the  remarkable  ternary  arrangement  of  the 
flnglish  Jurassic  series.^  Argillaceous  sediments  are  there  succeeded 
by  arenaceous,  and  these  by  calcareous,  after  which  the  argillaceous 
once  more  recur.  Ho  fewer  than  five  repetitions  of  this  succession 
are  to  be  traced  from  the  top  of  the  Lias  to  the  top  of  the  Port- 
landian.  Such  an  alternation  of  sediments  points  to  interrupted 
clej)re88ion  of  the  sea  bottom.*  It  permitted  the  growth  and  preser- 
vation of  different  kinds  of  marine  organisms  in  succession  oyer  the 
same  areas, — at  one  time  sand-banks  followed  by  a  growth  of  coral 
reefs,  with  abundant  sea-urchins  and  shells,  and  then  by  an  inroad  of 
fine  mud,  which  destroyed  the  coral-reefs,  but  in  which,  as  it  sank  to 
the  bottom,  the  abundant  cephalopods  and  other  molluscs  of  the  time 
were  admirably  preserved. 

A  characteristic  feature  of  the  Jurassic  fauna  is  the  abundance 
of  its  beds  or  reefs  of  coral.  During  the  time  of  the  Corallian 
formation  in  particular  the  greater  part  of  Europe  appears  to  have 


Fio.  3d5. — Jurassic  Corals  (Middle  Oolite). 

0,  Isastnea  helianthoides  (Goldf.):  h,  Montlivaltia  dispar  (Phill.) ;  o,  Gomoseris 
irradians  (M.  Edw.). 

been  submerged  beneath  a  coral  sea.  Stretching  through  England 
from  Dorsetsnire  to  Yorkshire,  these  coral  accumulations  have  been 
traced  across  the  Continent  from  Normandy  to  the  Mediterranean, 
and  through  the  east  of  France  and  the  whole  length  of  the  Jura 
Mountains,  and  along  the  flank  of  the  Swabian  Alps.  The  corals 
belonged  to  the  genera  Isastrsea^  Thamnastrsea,  TheeosmUia^  Mont- 
UvdUia^  &c.  (Fig.  365).  Echinoderms  were  abundant,  particularly 
crinoids  of  the  genera  Pentaerinus^  Exiracrinm  (Fig.  366),  and 
AmocrinuBy  several  forms  of  star-fishes,  and  numerous  urchins,  among 
which  the  genera  Acrosalenia,  Gidaris  (Fig.  367),  Diadema,  Echino- 
hriS9us,  Hemipedina,  Pseudodiadema,  Olypeus,  Pygastety  and  Pygwrus 
were  conspicuous.  The  brachiopods  yet  found  are  chiefly  species  of 
ShynehoneUa  and  TerebraitHa  (Fig.  369) ;  the  last  of  the  ancient 
group  of  Spirifers  and  of  the  genus  LepisBna  (Fig.  368)  disappear 
in  the  Lias.    Among  the  lamellibranchs  some  of  the  more  abun- 

»  Geology  of  Oxfordshire,  Ac.,  p.  893.  «  AnU,  p.  498. 
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dant  genera  are  Avicwla^  OerviOia^  GrwpluBm,  EoDOj^tfra,  Lima, 
MonoU$9  0$irea,  PeeUn^  Pinma,  Adarte,  Cardiuia^  Cardium^  Oreml/a, 
Hippapodium,  Moduda,  MyadieB,  Phdadomffo,  and  Trigomia.  Some  of 
these  genera,  particnlarlj  the  tribe  of  ojster^,  are  specially  chirao- 


Fio.  866. — LiAB  CBiNonw. 

o,  Pentaorinuf  bMaltlfonniB  (Qoldf.)  (side  riew  and  end  view  of  part  of  stem); 
h,  ExtnMsriDTU  briftretu  (Mill.Xi). 

teristio,  OryphaBa,  for  example,  occurrmg  in  such  numbers  m 
some  of  the  Lias  limestones  as  to  suggest  for  these  strata  the 
name  of  ''Grypbite  Limestone."  Different  species  of  TriyoMOi 
a  genus  now  restricted  to  the  Australian  seas, 
are  likewise  distinctive  of  horizons  in  the 
middle  and  upper  part  of  the  system.  Many 
of  the  most  abunaant  gasteropods  belong  to 
still  living  genera,  as  Ckrithium^  NatieOj  Pur- 
pura, But  the  most  important  element  in  the 
molluscan  fauna  was  undoubtedly  supplied  by 
the  cephalopoda.  In  particular  the  tetia- 
branchiate  tribe  of  Ammonites  attained  an 
extraordinary  exuberauce,  both  in  number  of 
individuals  and  in  variety  of  form  (see  Fifis. 
383-7).     The  dibranchiate  division  was   likewise  represented  of 

3>ecies  of  cuttle-fish  (Teudopsis,  Bdatetithis,  Sepia,  but  particularly 
demniies,  which  is  the  preponderating  type).     No  contrast  can 
be  more  marked  than  between  the  crustacean  fauna  of  the  Jurassic 


FiQ.  867.— JuRASiio 

ITnUNlN. 

CidnriB  florigemma 
(PhiU.)— OoralliaD. 


Digitized  by 


Google 


JPabt  III.  Sect.  ii.  §  1.]       JUBASSIC. 


775 


and  that  of  the  older  systems.  The  ancient  trilobites  and  eury- 
pteridsy  as  remarked  by  Phillips,  are  here  replaced  by  tribes  of  long- 
"tailed  ten-footed  lobsters  and  prawns,  and  of  representatives  of 
our  modern  crabs. 

Here  and  there,  particularly  in  the  Jurassic  series  of  England  and 

Switzerland,  thin  bands  occur  containing  the  remains  of  terrestrial 

I      insects.    The  neuropterous  forms  predominate,  including  remains 


Fio.  368. — Lias  Brachiofods. 
a,  Leptfldna  Moorei  (Dav.Xnat  size  and  enlarged) ;  h,  Spiriferina  Waloottii  (Sby.)' 

of  dragon-flies  and  may-flies.  There  are  also  cockroaches  and  grass- 
hoppers. The  elytra  and  other  remains  of  numerous  beetles  have 
been  obtained  belonging  to  still  familiar  types  (Curculianidse^ 
ElateridsBf  MeloUmthidm).  The  wing  of  a  butterfly  (PalseotUina 
ooUiiea)  obtained  from  the  Stonesfield  Slate  is  interesting  as  being 
the  oldest  known  butterfly.  Its  nearest  living  allies  are  essentially 
tropical  American  forms.^     Some  of  the  more  important  genera  of 


^^^ 


Pig.  369. — OoLino  Brachiofods. 

ft,  KhynchoueUa  spinosa  (Sohlotb.)  (})  Lower  Oolite ;  &,  Terebratnla  PhiUipeii  (Mor.) 

(i).  Lower  Oolite ;  e,  Rhynchonella  pingnis  (Roem.  ?),  Middle  Oolite. 

fishes  are  Acrodus,  MchmoduSy  Dapedius,  Bybodus,  Lepidotus,  Lepto- 
lepisy  PhoUdophorus,  Pycnodw,  SauricTithys,  SemianotuSf  StrephodtM, 
l9ohyodus? 

The  most  impressive  feature  in  the  life  of  the  Jurassic  period  is 

>  A.  G.  BuUer.  Geol  Maa.  x.  (1873),  p.  2;  i.  2nd  ser.  (1874),  p.  446. 
*  For  a  liet  of  Liassic  fifihes,  see  memoir  by  H.  £.  Sauvage,  Ann.  Sciences  04oL  vi. 
(1875). 
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the  abundance  and  variety  of  the  reptilian  forms.  Mesozoic  time 
has  been  termed  the  *^  Age  of  Reptiles/'  for  it  witnessed  the  maxi- 
mum development  of  reptilian  types  with  the  rise  and  growth  of 
whole  orders  of  reptiles  which  have  long  since  been  extinct.     The 


Fig.  370.— L1A8B10  Lamellibranchs. 
a,  Giyphiea  cymbium  (Lam.)  0;  6,  Lima  gigantea  (Sby.)  0;  c,  Gryphma  iiiour?B 
(8by.)(0;  ^  Hippopodimn  ponderosum  (Sby.)  (i);  c,  Poeidonia  BioDiiii  ((Soldf.) 
(nat.  size). 

first  trae  turtles  seem  to  have  made  their  appearance  during  this 

eriod.     Numerous  fragments  of  laeertih'ans  have  been  obtained, 
ost  abundant  are  the  bones  of  various  crocodilian  genera,  such  as 
Tdeoaaurua,  Steneosaunia,  and  Goniopholis.    Teleosaurw,  which  ocenra 
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in  the  Yorkshire  Lias  and  the  Stonesfield  Slate,  was  a  true  carni- 
yorons  crocodile,  measuring  about  18  feet  in  length,  and  is  judged 
by  Phillips  to  have  been  in  the  habit  of  venturing  more  freely  to 
sea  than  the  gavial  of  the  Ganges  or  the  crocodile  of  the  Nile. 
Of  the  long  extinct  reptilian  types  one  of  the  most  remarkable 
was  tiiat  of  the  enaliosaurs  or  sea-lizards.    One  of  these,  the  lohthy-- 


Fio.  S71. — SLOWER  OoLiTio  Lamellibbakohs. 

a»  Nuciila  Hammeri  (Defr.) ;  h,  Trigonia  navis  (Lam.)  d) ;  e,  Mytilua  sowerbyaQiui 

(lyOrb.)  (J). 

osaMrtu  (Pig.  377,  a),  was  a  creature  with  a  fish-like  body,  two  pairs 
of  strong  swimming  paddles,  probably  a  vertical  tail-fin,  and  ahead 
joined  to  the  body  without  any  distinct  neck,  but  furnished  with 
two  large  eyes,  having  a  ring  of  bony  plates  round  the  eyeball, 
and  wiuL  teeth  that  had  no  distinct  sockets.    Some  of  the  skele- 


Fio.  372. — ^Middle  Oolitio  Lamellibranchs. 
a,  Ostrea  hastellata  (Schloth.)  (}) ;  ^  Trigonia  claTdlata  (Sby.)  (i). 

tons  of  this  creature  exceed  24  feet  in  length.  Contemporaneous 
with  it  was  the  Plenasawus  (Fig.  377,  b),  distinguished  bv  its  lon^ 
neck,  the  larger  size  of  its  paddles,  the  smaUer  size  of  its  head,  ana 
the  insertion  of  its  teeth  in  special  sockets,  as  in  the  higher  saurians. 
These  creatures  seem  to  have  haunted  the  shallow  seas  of  the  Liassic 
time,  and,  varying  in  species  with  the  ages,  to  have  survived  till 
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towards  the  close  of  Mesozoic  time.^  Another  genus,  PUottmru, 
related  to  the  last-named,  was  distinguishable  from  it  by  the  Aort- 
ness  of  its  neck  and  the  proportionately  large  size  of  its  heii 
Another  extraordinary  reptilian  type  was  that  of  the  pterosaoriACi 
or  flying  reptiles,  which  were  likewise  peculiar  to  Mesosoic  tinkr. 
Those  huge  winged  bat-like  creatures  had  large  heads,  teeth  ia 
distinct  sockets,  eyes  like  the  Ichthyosaurus,  one  finger  of  each  fcn 
foot  prolonged  to  a  great  length,  for  the  purpose  of  supporting  i 
membrane  for  flight,  and  bones,  like  those  of  birds,  hollow  and  ai^ 
filled.^  The  best  known  genus,  Pterodactylus  (Fi^.  378),  had  t 
short  tail  and  jaws  furnished  from  end  to  end  with  long  teelL 
Others  were  IHmorphodan,  distinguished  especially  by  the  length 


¥iQ,  373.— Ufpeb  Oolitic  Lahellibbakcbs. 

a,  Exogyra  (Ostrea)  virgula  (D'Orb.) ;  5,  Ostrea  deltoidea  (Sby.)  {}) ;  r,  Astarts  Btt^ 
wellenaiB  (Sby.)  (4);  d.  Caidium  striatulum  (Sby.)  (J);  e,  Trigonia  gibbon  (Sky) 
(i);  /.  Oardium  dwBimile  (Sby.)  (i). 

of  its  tail,  and  Bhamphorhynchus  (Fig.  379),  also  posseasing  a  Vw^ 
tail,  with  a  caudal  membrane  and  having  formidable  jaws,  whki 
may  have  terminated  in  a  horny  beak.  These  strange  harpy-like 
creatures  were  able  to  fly,  to  shufile  on  land,  or  perch  on  rock* 
perhaps  even  to  dive  in  search  of  their  prey.  Lastly,  the  m«^ 
colossal  living  beings  of  Mesozoic  time,  and,  indeed,  so  far  as  f« 
know,  of  any  time,  belonged  to  the  extinct  order  of  Deinosaon, » 

>  On  the  diBtribution  of  the  PleaiosaurB  see  a  useful  table  by  O.  F.  Whidbflor 
Q.  J.  GeoL  8oe.  1881.  p.  480. 

•  See  Marsh  on  wings  of  Pterodactylca,  Amer.  Joum,  Sci,  April  1882.  The  TfB** 
able  specimen  of  JRhamphorhynehtu  (R.  phyllnrtu)  from  the  Sulenhofen  Slate,  dasef^ 
by  this  author,  posst  ssed  n  lons^  tail,  the  last  sixteen  short  vertebr»  of  which  tmff^ 
a  peculiar  caudal  membrane  which,  kept  in  an  upri|(ht  pobition  by  flexible  spiiiff«  V^ 
hare  been  an  eflScitnt  instrument  for  steering  the  flight  of  the  creature. 
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which  the  ordinary  reptilian  characters  were  united  to  others^  par- 
ticularly in  the  hinder  part  of  the  skeleton,  like  those  of  birds. 
Among  the  Jurassic  deinosaurs  the  most  important  European  genera 
are  Campaoanathus,  Megalosaurus  {Fig.  379),  and  Ceteosaums.  In 
Comp8ogncUhiis,  from  the  Solenhofen  Limestone,  the  bird-like  affinities 
are  strikingly  exhibited,  as  it  possessed  a  long  neck,  small  head,  and 
long  hind  limbs  on  which  it  must  have  hopped  or  walked.  The 
Megalosaurus  of  the  Stonesfield  Slate  is  estimated  to  have  had  a 
length  of  25  feet,  and  to  have  weighed  two  or  three  tons.  It  fre- 
quented the  shores  of  the  lagoons,  walking  probably  on  its  massive 
hind  le^s,  and  feeding  on  the  molluscs,  fishes,  and  perhaps  the  small 
mammcds  of  the  district.    Still  more  gigantic  was  the  Ceteosaurus, 


Pig.  374. — Jurassic  Gastebopods. 

a,  Natioa  halluma  (Lyo.)  (Lower  Oolite) ;  6,  Nerita  oosialata  (Desh.)  (Lower  Oolite, 
nat.  size  aod  mag.) ;  c,  Natica  globosa  (Roem.)  (Upper  Oolite). 

which,  according  to  Phillips,  probably  reached  when  standing  a 
height  of  not  less  than  10  feet  and  a  length  of  50  feet.  It  seems  to 
have  been  a  marsh-loving  or  river-side  animal,  living  on  the  ferns, 
cycads,  and  conifers  among  which  it  dwelt.  But  these  monsters  of 
the  Old  World  were  surpassed  in  dimensions  by  some  discovered  in 
recent  years  by  Professor  Marsh  in  the  Jurassic  beds  of  Colorado. 
In  particular  the  Atlantosaurus  was  built  on  so  huge  a  scale  that  its 
femur  alone  is  more  than  8  feet  high.  The  corresponding  bone  of 
the  most  gigantic  elephant  looks  like  that  of  a  dwarf  when  put 
beside  this  fossiL  The  whole  length  of  the  animal  is  supposed  to  have 
been  not  much  short  of  100  feet,  with  a  height  of  30  feet  or  more. 
Contemporaneous  with  these  Imge  creatures,  however,  there  existed 
in  Jurassic  time  in  North  America  diminutive  forms  having  such 
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strong  ayian  aflSnities  that  their  separate  bones  cannot  be  dit- 
tingoLhed  from  those  of  birds.    Professor  Harsh,  who  has  brought 


e 


Fio.  875.— JuBASsio  Bklemnites. 


a,  Belenmitea  paziUosos  (Sohloth.)  (Lias,  i) ;  &,  B.  inegalarifl  (Sobloth.)  (lias,  naL 
dze) ;  c,  B.  hastatus  (Blainv.)  (Middle  Oolite,  i). 

these  interesting  forms  to  light,  regards  them  as  having  been  in 
some  cases  probably  arboreal  in  habit,  with  possibly  at  first  no  mcHce 


Fig.  376.— Insects,  Pubbbck  Beds. 

a,  h.  Wings  of  Neuropterous  insects  {Corydalu)  (nat.  size  and  mag.) ;  c,  CkwOmB 

dongatus  (nat  size  and  mag.  Brodie,  Foss.  Insects,  pi.  ii.  and  v.). 

essential  difference  from  the  birds  of  their  time  than  the  absence  of 
feathers.^ 

*  Amer,  JoUm,  8cL  xxii.  (1880),  p.  340.    See  also  Carl  Vogt,  Ret.  Se^ntif.  8ef^ 
-^9 ;  Seeley,  GeoL  Mag.  1881,  800,  464. 
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The  oldest  known  bird,  Aroheojfierytt  (Fig.  380),  comes  from  the 
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Solenhofen  Limestone  in  the  Upper  Jnrassic  series.    This  interesting 
form  anited  some  of  the  characters  of  reptiles  with  those  of  a  true 
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bird.  Thus  it  possessed  biconcave  Tertebrse,  a  well-ossified  broad 
sternum,  three  nn^ers  only  in  each  toe,  all  ending  in  a  claw,  a  long 
lizard-like  tail,  each  vertebra  of  which  bore  a  pair  of  quill-reathers. 


Fia.  878.— JuRAflsio  PrcBOflArB. 
Pterodaotylos  oraasiroeiris  (Goldf.)  (Middle  Oolite). 

the  win^  had  free  claws,  and  the  jaws  carried  tme  teeth  as  in  the 
tootlied  oirds  found  in  the  Cretaceous  rocks  of  Kansas.^ 

The  most  highly  organized  animals  of  which  the  remains  have 


Fio.  879 JusAssio  DEiNOflArB  and  FnEBOfiAxni. 

a,  Megaloflaama  Bnoklandi  (Meyer),  tooth  (|) ;  b,  Megaloeauras,  rertontion  of  head, 
afler  Owen  (j|);  e,  Rhamphorhynohus  Buoklandi  (Goldf.X  reetoratioii,  after 
Phillips;  d,  Do.  tooth  (Dat  size);  6,  Do.  jaw  {£). 

been  discovered  in  the  Jurassic  system  are  small  marsupials.  Two 
horizons  in  England  have  furnished  these  interesting  relics — ^the 
Stonesfield  Slate  and  the  Purbeck  beds.     The  Stonesfield  Slate  has 

*  See  Marsh,  Amer.  Jaum.  Set,  Nov.  1881,  p.  837. 
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yielded  the  remains  of  four  genera — Amphilestes  and  Phascolotherium 
(Fig,  381),  probably  insectivorous,  the  latter  being  related  to  the 
liying  American  opossums ;  Amphithertum,  resembling  most  closely 
the  Australian  Myrmecdbtua  ;  and  Stereognathus^  which  Owen  is  dis- 
posed to  think  was  rather  a  placental,  hoofed,  and  herbivorous  form. 
Higher  up  in  the  English  Jurassic  series  another  interesting  group 
of  mammalian  remains  has  been  obtained  from  the  Purbeck  beds, 
whence  upwards  of  twenty  species  have  been  exhumed  belonging  to 
eleven  genera  (SpaJaeotJierium,  Amblotheriimi,  Peralestes,  Achtfroacn, 
Pera^HuaXy  PeramiM,  Stylodon,  Bolodon^  Tricanodon,  Triacanthodon)^ 
of  which  some  appear  to  have  been  insectivorous,  with  their  closest 


Fia.  880.~BiRD  (ABOHiBOFTiBix  MAOBUitA)  (Owen>— SoLENROFiK  LiianoNi 
fiddle  Jurassic). 

a,  TaU  and  tail-feathers  (}) ;  h.  Caudal  vertebne  (nai  size) ;  e,  foot  (}). 

living  representatives  among  the  Australian  phalangers  and  American 
opossums,  while  one,  Plagiaulax,  resembling  the  Australian  kangaroo 
rats  (Eyp8iprymnm%  is  held  by  Owen  to  have  been  a  carnivorous 
form/ 

§  2.  Local  Development. 

The  Jurassic  system  covers  a  vast  area  in  Europe.  Beginning  at  the 
west,  remnants  of  it  occur  in  the  far  north-west  of  Scotland.  It  ranges 
across  England  as  a  broad  band  from  the  coasts  of  Yorkshire  to  those  of 
Dorset.  Crossing  the  Channel  it  encircles  with  a  great  ring  the  Creta- 
ceous and  Tertiary  basin  of  the  north  of  France,  whence  it  ranges  on  the 
one  side  southwards  down  the  valleys  of  the  Saone  and  Rhone,  and  on 

'  See  Falconer,  Q.  J.  Geol,  8oe,  xiii.  261 ;  xviii.  348 ;  Owen,  Monograph  of  Met. 
Mammdfs :  PalsBontograph.  8oe,  1871. 
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the  other  round  the  old  crystalline  nndens  of  Auv^gne  to  the  Kedhcr 
ranean.     Eastwards  it  sweeps  through  the  Jura  MoontaiziB  (nrlkewx  n 
name  is  taJcen)  up  to  the  hign  grounds  of  Bohemia.     It  tonus  put   i 
the  outer  chains  of  the  Alps  on  both  sides,  rises  along  the  eesiR   i 
the  Apennines,  and  appears  heie  and  there  over  the  Span^k  peauag;-. 
Covered  by  more  recent  formations  it  imderlies  the  great  plain  off  iiQrti^:^ 
Germany^  whence  it  ranges  eastwards  and  occupies   lar)ge  trmeto  s\ 
central  and  eastern  Bussia.      According  to  Neumayr,'   three   dtEtia-i 
geographical  regions  of  deposit  can  be  made  out  among  the  Jmrme 
rooks  of  Europe.      (1.)  The  Mediterranean  province,    embrmcKog  ti- 
Pyrenees,  Alps,  and  Carpathians,  with  all  the  tracts  lying  to  the  mcir. 
One  of  the  biological  characters  of  this  area  was  the  great  abimdaBci: 
ammonites  belonging  to  the  groups  of  HeterophyUi  (PhyUoceras)  and  iV 
hriati  (Lytoceraa)^  and  the  presence  of  forms  of  TerebraiuUt  of  the  &iiii2t 
T.  dtpiya  (janitor).    (2.')  The  central  European  province,  oompriflbic'ti 
tracts  lying  to  the  north  of  the  Alpine  ridge,  incuuding  France,  T^^^ 
Germany,  and  the  Baltic  countries,  and  marked  by  the  comparative  zarr- 
of  the  ammonites  just  mentioned,  which  are  replaced  by  others  of  :k 
genera  Aspidocercu  and  Oppellia^  and  by  abundant  ree&  and  mansrn    : 
coral.     (3.)  The  boreal  or  Bussian  province,  comprising  the  niiddle  ac- 
north  of  Bussia,  Fetschora,  Spitzbergen,  and  Greenland,    The  life  in  tb* 


t  4# 


Fio.  881.— Mabsupial  fbom  Tms  Stohbsftkld  Slatb. 
PhAfloolotherium  Baoklandi  (Broderip.);  a,  teeih,  magnified;  6.  jaw, 

area  was  less  varied  than  in  the  others,  in  particular,  the  widely  distn- 
buted  species  of  OppeUia  and  Aspidoceras  of  the  middle-European  proviiioe 
are  absent,  as  well  as  large  masses  of  corals,  showing  that  in  Jmaflie 
times  there  was  a  perceptible  diminution  of  temperature  tovvaids  thft 
norUi. 

Britain.' — ^The  stratigraphical  succession  of  the  Jurassic  nxfa  wm 
first  worked  out  in  England  by  William  Smith,  in  whose  hands  ther 
were  made  to  lay  the  foundations  of  stratigraphical  geology.  The  nanMi 
adopted  by  him  for  the  subdivisions  he  traced  across  the  country  haiv 


*  Neumayr,  Jura-Studieny  Jcthrh,  GeoL  BeichMntiaU.  1871,  pp,  297,  451  • 
Oeci,  Beieh9an$t,  1871,  p.  165 ;  1872,  p.  54 ;  1873,  p.  288.    In  theee  memoifB  the  i 
will  find  much  interesting  speculation  regarding  the  zoological  distribatioQ  and  q 
progress  and  vioissitades  of  climate  in  Europe  during  the  Jurassio  period.    In  the  i 
of  the  Jahrbueh  here  quoted  (p.  452),  there  is  a  copious  bibliograpny  of  Joimnio  i 
referring  to  the  Eastern  Alps. 

'  For  British  Jurassio  rocks  the  student's  attention  mi^  be  n>eoiallT  called  to  PluDiiii' 
Oeciogy  of  Oxford  and  (he  Thames  Valley;  Blake  and  HutUeston^s  YorktkwLim; 
Memoirs  published  by  the  Palaoontographical  Society,  particularly  Morris  Sc  Ltixtt't 
MoUu$ea  from  Cheat  Oolite ;  Davidaon^s  Tertiary^  OoliHe^  and  LioMnc  Braehiopoia  • 
Wright's  Oolitir  Echinodermata,  and  Liw  Ammonites  ;  Owen's  Mesotoie  Reptwift ;  M!mmir 
Mammals ;  Wealden  atid  Purbeck  Reptiles ;  Memoirs  by  Mr.  Sharpe  and  Mr.  HndJertv 
(Q.  J.  Oeol,  Soc.  and  Choi.  Maij,  1880-81),  Mr.  Judd's  GetAogy  of  EuUand  in  Mm.  G^ 
Surv.,  and  other  memoirs  cited  below.  See  also  Oppel  s  JuraformalioH  Knghmik, 
Frankreieltm  nnd  DeutsrhUiwhy  1856 ;  QuonBtedl's  Ihr  JurOy  1858. 
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passed  into  tmiversal  use,  and  though  some  of  them  are  uncouth  English 
provincial  names,  they  are  as  ^miliar  to  the  geologists  of  other  countries 
as  to  those  of  England. 

The  Jurassic  formations  stretch  across  England  in  a  varying  band 
from  the  mouth  of  the  Tees  to  the  coast  of  Dorsetshire.    They  consist  of 


Fio.  882.^Mab0upial8  pbom  th£  Pubbeok  Bkdb. 

a.  Jaw  of  PlagiauUx  minor  (Falconer)  (f) ;  6.  same  (nat.  sixe) ;  e,  molar  (f) ; 
Ay  Triacanthodon  ■errola  (Owen)  (nat  siie). 

harder  sandstones  and  limestones  interstratified  with  softer  cla3rs  and 
shales.  Hence  they  give  rise  to  a  characteristio  tjpe  of  scenery, — ^^e 
more  durable  beds  standing  out  as  long  ridges,  sometimes  even  with  low 
diffii,  while  the  clavs  underlie  the  level  spaces  between.  Arranged  in 
descending  order,  the  following  subdivisions  of  the  Englisli  Jurassic  sys- 
tem are  recognized : 


FMt 

Upper  fref  h-water  beds ...  I 

Pnrbeokian. . .  Middle  marine  beds > 860 

Lower  fresii-water  beds. . .  | 

^gLr^     i>^u«^:<.«     /Portland  Stone 70 

t>ft.O     Portlandian..|p^^^jg^^, j^ 

Kimmeridgian  Kimmeridge  Glajr 600 

0>iallian Coral  Bag  and  Oaloareons  Orit 250 

Oxfordian Oxford  Olay  and  Kellaways  Rock 600 

Combmah 40 

Bradford  Olay  and  Foreat  Marble  (in  Doraetahiie 

Great  Oolite...     450  ft) 80 

Great  or  Bath  Oolite  with  Stoneafield  Slate  (part\  .^a 
,    of  Northampton  Sand)    /  *^ 

Fuller's  Earth.  Fuller's  Earth 150 

1  Cheltenham  beds 270 
Lower  part  of  Northampton  Sands,  ''Doffger''i  yno. 
of  Yorkshire TT..../  ^^ 

Upper  Lias  (Midford  Sands) 400 

Marlstone 200 

Lower  Lias 900 

Although  these  names  appear  in  tabular  order  as  expressive  of  what 
is  the  predominant  or  normal  succession  of  the  beds,  considerable  differ- 
ences occur  when  the  rocks  are  traced  across  the  country.  Thus  tiie 
Forest  Marble  attains  a  thickness  of  450  feet  in  Dorsetshire,  but  dwindles 
down  to  only  15  feet  at  Blenheim  Park.  The  Inferior  Oolite  consists  of 
marine  limestones  and  shales  in  Gloucestershire,  but  chiefly  of  massiTe 
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estuarine  sandBtones  and  shales  in  Yorkshire.  These  differences  help  to 
bring  before  us  some  of  the  geographical  features  of  the  British  area 
daring  the  Jurassic  period. 

The  Lias  consists  of  three  formations,  well  marked  by  physical  and 
palsdontological  characters.  In  the  Lower  member  numerous  thin  blue 
and  brown  limestones  with  partings  of  dark  shale  ai«  surmounted  by 
similar  shales  with  occasional  nodular  limestone  bands.  The  Middk 
Lias  consists  of  argillaceous  limestones  (marlstones)  with  micaceous 
sands  and  clays.  In  its  Yorkshire  development  this  subdivision  is  re- 
markable for  containing  a  bed  of  earthy  carbonate  of  iron  15  to  20  feet 
thick,  which  has  been  extensively  worked  in  the  Cleveland  district.  The 
Upper  division  is  composed  of  cla}  s  and  shales  with  nodules  of  lime- 
stone, surmounted  by  sandy  deposits. 

These  three  formations  are  further  subdivided  into  zones  according  to 
distinctive  species  of  Ammonites,  as  follows :  ^ 


i 


I 
I 


The  upper  sandy  beds  contain — 
Ammonites  of  the  groups  HarpooeroM  and  Lytoeenu.    Ammomitet  (Harpo^ 
eerns)  opaUntu,  A,  radianty  A.  ThouanenstB,  A,  intignU.     AtmrnomOtm 
(Lytoeeras)  jurengiSy  A.  hirdnus  =  JurensU  bed  of  Oppel  (Wftrtemberg). 
The  lower  clays  contain — 
Ammonites  {Harpocerat)  bi/roM,  A.  ierpentinus^  and  numbers  of  the  gxxmp 
StephanoceroB,  as  Ammonites  (Stephafwceras)  oommufiM,  A,  {8.)  amgudmm*^ 
A,  {8.)fibulatus  =  Posidonomya  bed  of  Oppel  (WQrtembei^ 

4.  „  „  iiiar{^afTto<iM=  Margaritatns-bed 
8.           „           {^oeercu)  Henleyi  =  Day»i-bed 
2.            „           UmaUheus)Ibex  =  Ibex-bed 

1.  „  (JEgocenu)  Jamesoni        =  Jameaoni-bed 

7.  {A^t^t^sY"^"^^^  raricostatus  =  Barioottatoa-bed 
6.            „           (Amaliheus)  oxynotus  =  Oxynotua-bed 

5.  „           {Arietites)  dbtutus  =  Obtusus-bed 
4.           „                  n        Tumeri  =  Tuberoulatua-bed 

8.  „  n         Bucktandi     =  Bucklandi-bed 

2.  „  (JEgoeeras)  angulatus    =  Angulatus-bed 
1.            n  „  planorbis     =r  Planorbia-bed 

resting  conformably  on  AviaUa  contorta  beds. 


The  organic  remains  of  the  Lias  comprise  leaves  and  other  remains  of 
c^cads  (PaUeozamia),  conifers  (Pinttes,  Cupressw,  Pence),  ferns  {Oicfieru, 
Aleihopteris,  &c.\  and  reeds  {Eguisetttes).  These  fossils  serve  to  indicate 
the  general  character  of  the  flora,  whidi  seems  now  to  have  been  mainly 
oycadaceous  and  coniferous,  and  to  have  presented  a  great  contrast  to  the 
lyoopodiaceous  vegetation  of  PalaK)zoic  times.  The  occurrence  of  land- 
plants  disperciedly  throughout  the  English  Lias  shows  also  that  the  stiata, 
though  chiefly  niarine,  were  deposited  within  such  short  distance  fnm 
shore,  as  to  receive  from  time  to  time  leaves,  ceeds,  fruits,  twigs,  aad 
stems  from  the  land.  Further  evidence  in  the  same  direction  is  supplied 
by  the  numerous  insect  remains,  which  have  been  obtained  princapallr 
from  the  Lower  Lias.  These  were,  no  doubt,  blovirn  off  the  land  anoM 
into  shallow  water,  where  they  were  preserved  in  the  silt  on  the  bottoia. 
The  Neuroptera  are  numerous,  and  include  several  species  of  LibelhU. 

*  Bee  the  maaterly  monogn^  on  Liassic  Ammonites  by  Dr  Wright  in  Fabm^ 
frc^A.  8oc  Memoirs, 
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The  coleopterous  forms  comprise  a  number  of  herbiyorous  and  ligni- 
vorous  beetles  (Elaier^  Carabus,  &o,).  Tbere  were  likewise  representa- 
tives of  the  orthopterous,  hemipterous,  and  dipterous  orders.  These 
relics  of  insect-life  are  so  abundojit  in  some  of  the  calcareous  bands  that 


Q.  883.— Lower  Liab  Ammonitbs. 
o,  Ammonites  (Arietites)  raricoetatua  (Zeit.)  (|) ;  b,  A.  (A.)  obtusna  (Sby.XJ) ;  e,  A.(A.) 
Bncklwidi  (8by.)  (J) ;  rf,  A.  (Amaltheufl)  oxynotua  (Quenet.)  (0 ;  e,  A.  (.figocerai) 
planorbis  (Sby.) ;  /,  A.  (iE.)  angulatiu  (Sohlath.)  0. 
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the  latter  are  known  aa  insect-beds.^    With  them  are  associated  lemiiBi 
of  terrestrial  plants,  cjprids,  and  moUusos,  sometimes  marine,  sometunei 


Fio.  384. — ^BfmDLi  Lias  AmfoymsR. 
a,  Ammonitet  (Amalthens)  manFaritatus  (Mont)  (0;  6,  A.  (A.)  ipiiuiftiM  (Braf.)(i^ 
c,  A.  (-Bgooeras)  Dav»i  (Sby.)  (*);  d,  A.  (JR.)  oaprioornua  (SchWh.)  (|):  ^A 
{M.)  Jamefeoni  (Sby.)  (});  /,  A.  (JE.)  breviBpina  (Sby.)  (i). 


»  Brodk^  Pfw.  GeoL  8oe,  IWe,  p.  14  ;  Q.  /.  QeoL  Soe.y.  31,  Hidory  t>f  Fotml Imi^ 
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apparently  braokish-water.  The  marine  life  of  the  period  has  been 
abundantly  preserved,  so  far  at  least  as  regards  the  comparatively  shallow 
and  juxta-littoral  waters  in  which  the  Liassic  strata  were  aconmulated.^ 
Corals,  though  on  the  whole  scarce  (67  species  are  known),  abound  on 
some  horizons  {A8troc<Bnia,  Thecoimilia,  Iscutrsea,  Montlivaltia,  Septasirma, 
&c.).  The  crinoids  (15  specif  were  represented  by  thick  growths  of 
Extr<icrinu8  and  Pentacrinw,  There  were  brittle-sta)*s,  star-fishes,  and 
sea-urchins  {Ophioglyphay  V raster y  Luidiay  Hemipedina,  Cidaris,  Aerosc^ 
lento) — all  geiierically  distinct  from  those  of  the  Paleeozoio  periods. 
Among  the  Crustacea,  the  more  frequent  known  genera  are  Bryony  GlypJuea^ 


Fio.  885. — Uffeb  Lias  Ammonites. 
a,  AmmoDites  (Stephanooeras)  communis  (Sby.)  (1) ;  5,  A.  (Lytooeras)  jorensis  (Zieten) 
CA) ;  c,  A.  (Harpoceras)  serpentiuus  (Bein)  (J) ;  (i,  A.  (Phylloceras)  lieterophylUis 


>y.)a). 


and  Eryma,  The  brachiopods  are  chiefly  Bhynchonella  (19  species), 
Waldheimia  (12\  Spirifertna  (S\  and  Thecidium  (16).  Spiriferina  is  the 
last  of  the  Spinfers,  and  with  it  are  associated  tne  last  forms  of  L^tsena^ 
of  which  live  Liassic  species  are  known  from  English  localities  (Fig.  369). 
Of  the  lamellibranchs,  a  few  of  the  most  characteristic  genera  are  Pecten 
(25 species), Lima (23),  Avicula (21), Mytilus (18),  Cardinia  (16), Leda{l5)y 
Vypricardia  (12),  Asiarte  (14),  Gryphsea,  Pleuromyay  Hippopodiumy  and 
Pholadomya,     Gasteropods,  though  usually  rare  in  such  muddy  strata  as 

'  See  R.  Tate,  Ccmm  of  Taoh  MnrinA  Intxrtehraiay  Gfeol,  Mng,  viii.  p.  4. 
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the  greater  part  of  the  Lias,  occasionally  occur,  but  most  frequently  in 
the  cflJcareous  zones.  The  chief  genera  are  Cerithium  (40  mecumU 
Turbo  (31),  Trochua  (27),  Tedaria  (Eucydua)  (22),  PlewroUmunna  (23), 
and  Chemnitzia  (19).  The  cepbalopoas,  however,  are  the  moet  abimcbiit 
and  characteriBtic  shells  of  the  Lias ;  the  family  of  the  ammonites  nvm- 
bers  upwuxls  of  130  species.  Many  of  these  are  the  same  as  those  that 
have  been  found  in  the  Jurassic  series  of  G^ermany,  and  they  oocapy  on 
the  whole  the  same  relative  horizons,  so  that  over  central  and  ^restem 
Europe  it  has  been  possible  to  group  the  Lias  into  the  various  zones 
given  in  the  table  (p.  786).  The  genus  Nautilus  is  repres^ited  by  niae 
or  more  species.  The  dibranchiate  cephalopods  are  represented  by  aboot 
60  species  of  the  genus  Belemnites, 

From  the  English  Lias  many  species  of  fishes  have  been  obtained. 
Some  of  these  are  placoids,  known  only  by  their  teeth  (AcroduSj  Ceraiodmsy, 
others  only  by  their  spines  (NemacarUhus),  and  some  by  both  teeth  and 
spines  {HyhoauaX  The  ganoids  are  frequently  found  entire,  the  genera 
iajpediua^  Fholiaophorus^  JEchmodus^  LepidctuSy  Pachycormu$^  and  Lepioltpi$ 
being  among  the  most  frequent.  But  undoubtedlv  the  most  remarkable 
palsBontological  feature  in  this  group  of  strata  is  the  number  and  variety 
of  its  repti^an  remains.  The  genera  Ichthyoeaurua^  PleaioBouruM^  XKamt- 
phodcn^  MegalosauruSt  Teleoaaurus,  and  Steneoaaurua  have  been  recofrered, 
in  some  cases  the  entire  skeleton  having  been  found  with  almost  ewy 
bone  still  in  place. 

The  Lias  extends  continuously  across  England  from  the  mouth  of  the 
Tees  to  the  coast  of  Dorsetshire.  It  likewise  crosses  into  South  \\  alea^ 
An  interesting  patch  occurs  far  removed  from  the  main  mass  of  the 
formation,  lying  unconformably  on  Triassio  beds  at  Carlisle.  A  consider^ 
able  development  of  the  Lias  stretches  across  the  island  of  Skye  and 
adjoining  tracts  of  the  west  of  Scotland,  where  the  shore-line  of  the 
period  is  partly  traceable.  In  the  north  of  Ireland  also  the  characteristic 
shales  appear  in  several  places  frx>m  under  the  Chalk  escarpment. 

The  Lower  or  Bath  Ooutes  lie  conformably  upon  the  top  of  the 
Lias,  with  which  they  are  connected  hj  a  general  similarity  of  organio 
remains,  and  by  about  40  species  which  pass  up  into  them  from  the 
Upper  Lias.  They  consist  in  the  south-west  and  centre  of  Eneland  of 
shelly  marine  limestones,  with  days  and  sandstones,  but,  traced  north- 
wards into  Northampton,  Butland,  and  Lincolnshire,  they  pass  into  a 
series  of  strata  indicative  of  deposit  in  the  estuary  of  some  river 
descending  from  the  north,  for,  instead  of  t^e  abundant  cephalopods  of 
the  truly  marine  and  typical  series,  we  meet  with  fresh-water  geoeim 
such  as  Cyrena  and  Unto,  marine  forms  such  as  Oatrea  and  Modiola^  thin 
seams  of  Ugnite,  thick  and  valuable  deposits  of  ironstone,  and  remains  of 
terrestrial  plants.  These  indications  of  the  proximity  of  land  becuor 
still  more  marked  in  Yorkshire,  where  the  strata  (800  feet  thick)  conflisl 
chiefly  of  sandstones,  shales  with  seams  of  ironstone  and  coal,  and  occa- 
sional horizons  containing  marine  shells.  It  is  deserving  of  notice  that 
the  Combrash,  which  forms  the  top  of  the  Lower  Oolite  in  the  tyiiioal 
Gloucestershire  district,  occurs  likewise  in  the  same  position  in  York- 
shire. Thoueh  rarely  more  than  8  feet  thick,  it  runs  across  the  conntiy 
from  Devonshire  to  Yorkshire.  Thus  a  distinctly  defined  series  of  bed* 
of  an  estuarine  character  is  in  the  north  homotaxiallv  representatiT* 
of  the  marine   formations  of  the  south-west      At  the  dose  uf  tht 
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Lower  Oolitio  period  the  estuary  of  the  northern  tract  was  submerged, 
and  a  continuous  sea-floor,  that  of  the  Gombrash,  stretched  across 
England. 

The  Inferior  Oolite  attains  its  maximum  development  in  the 
neighbourhood  of  Cheltenham,  where  it  has  a  thickness  of  264  feet,  and 
consists  of  calcareous  freestone  and  grit.  It  presents  a  tolerably  copious 
suite  of  invertebrate  remains,  which  resemble  generically  those  of  the 
Lias.  The  predominance  of  Bhynchonella  and  TerehrcUula  over  the  rest 
of  the  brachiopods  becomes  still  more  marked.  Oryphsea,  Lima,  Pecten, 
Cardium,  Myadtes,  MytilWy  Pholadomya,  Trigonia  are  fi^equent  shells,  while 
ammonites  and  belemnites  also  occur,  though  much  more  sparingly  than 
in  the  Lias  below,  and  in  some  of  the  later  subdivisions  of  the  Oolitic 


Fio.  386.— Lower  Ooutb  Ammoottm. 


toniloeus  (Zeit)  Q). 


series.    Paloontologically  the  Inferior  Oolite  has  been  subdivided  into 
the  following  zones  in  descending  order  ^ : 

Zone  of  AmmonUes  (Cotmoceras)  Parhiruonu 

„  „  (Stephanoeercu)  Humphrie9ianu8. 

„  „  (Harpooeraa)  SawerbyL  ■ 

„  „  iHarpooeroB)  Mwrehttonm. 

Its  component  strata  are  subject  to  great  variations  in  thickness  and 
lithological  character.  The  thick  marine  series  of  Cheltenham  is  reduced 
in  a  distance  of  30  or  40  miles  to  a  thickness  of  a  few  inches.  The  lime- 
stones pass  into  sandy  strata,  so  that  in  Northamptonshire  the  whole  of 

»  On  the  Ammonites  of  these  zoneis  we  S.  8.  Bnckman,  Q.  /.  OttL  8oe.  1881.  p.  588. 
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the  formations  between  the  Upper  Lias  Clay  and  the  top  of  the  6re«t 
Oolite  consist  of  sands  with  beds  of  ironstone,  known  as  the  Northampton 
Sand.  The  higher  portions  of  the  sandy  series  contain  estoarine  ahelk 
(Cyrena)  and  remains  of  terrestrial  plants.  These  strata  swell  ont  into 
a  great  thickness  in  Yorkshire,  where  they  form  the  lower  sexies  of 
sandstones,  shales,  and  coals.  A  tolerably  abundant  fossil  flora  has  beea 
obtained  from  these  Yorkshire  beds.  With  the  exception  of  a  few 
littoral  fuooids  all  the  plants  are  of  terrestrial  forms.  They  comprise 
about  60  species  of  ferns,  among  which  the  genera  PeeopterU,  Spkenopierm^ 
Phlehopteris,  and  Tseniopteris  are  characteristic.  Next  in  abandanoe  oovm 
the  cycads,  of  which  more  than  20  species  are  known  (OtatamiteB^  Zmwmia^ 
PterophyUwnj  Gycaditei),  Coniferous  remains  are  not  infrequent  in  the 
form  of  stems  or  fragments  of  wood,  as  well  as  in  occasional  twi^  with 
attached  leaves  (Araucarites,  Brachyphyllum^  Thuyites^  Peuce^  Walckim^ 
Cryptomerites,  Taxttes). 

The  Fuller's  Earth  is  an  argillaceous  deposit  which  in  the  nei^- 
bourhood  of  Bath  attains  a  maximum  depth  of  nearly  150  feet«  bat  dies 
out  in  Oxfordshire  and  is  absent  in  tne  eastern  and  north-eaateim 
counties.  Among  its  more  abundant  fossils  are  Ooniomya  amgmii/er^ 
Ostrea  acuminata^  BhynchaneUa  cancinna^  B.  varians  ;  but  most  of  its  faank 
occur  also  in  the  Liferior  Oolite. 

The  Great  Oolite  consists,  in  Gloucestershire  and  Oxfordshire,  of 
three  groups  of  strata:  (a)  lower  group  of  thin-bedded  limestones  wi^ 
sands,  known  as  the  Stonesfield  Slate ;  (6)  middle  ^up  of  shelly  and 
yellow  or  cream-coloured,  often  oolitic  limestones,  with  partings  of  mail 
or  clay — the  Great  Oolite ;  (c)  upper  group  of  clays  and  shelly  lime- 
stones, including  the  Bradford  Clay,  Forest  Marble,  and  Combxask 
These  subdivisions,  however,  cease  to  be  recognizable  as  the  beds  are 
traced  eastward.  The  Bradford  Cla^  of  the  upper  group  soon  dis- 
appears, and  the  Forest  Marble,  so  thick  in  Dorsetshire,  thins  away  in 
the  north  and  east  of  Oxfordshire,  the  horizon  of  the  group  being  perhaps 
represented  in  Lincolnshire  by  the  '*  Great  Oolite  Clays  "  of  that  distriot. 
The  Combrash,  however^  is  remarkably  persistent,  retaining  on  the 
whole  its  lithological  and  palaeontological  characters  from  the  south* 
west  of  England  nearly  as  far  as  the  Humber.  The  limestones  of  the 
middle  ^up  are  less  persistent,  though  they  can  be  recognized  aa  &r 
as  the  middle  of  Lincolnshire.  The  lower  group,  including  the  Stones- 
field  Slate,  passes  into  the  upper  part  of  the  Northampton  Sand  and  the 
*•  Upper  Estuarian  series."    (See  Mr.  Judd's  Geology  of  BuUand.) 

The  fossils  of  the  Stonesfield  Slate  are  varied  and  of  high  geologkasl 
interest.  Among  them  are  about  a  dozen  species  of  ferns,  the  fl^iinais 
Pecopteris^  SphenopterU,  and  Teeniopteris  being  still  the  prevalent  terai. 
The  cycads  are  chiefly  species  of  Palseozamta,  and  the  conifers  of  !n«y»l«iL 
With  these  drifted  fragments  of  a  terrestrial  vegetation  there  ocoar 
remains  of  beetles,  dragon-flies,  and  other  insects  which  had  been  hlowm 
or  washed  ofi*  the  land.  The  waters  were  tenanted  by  a  few  brachiopods 
(Bhynchonella  and  Terebratula  ),  by  lamellibranchs  {OerviUia,  Liwui^  Otinm^ 
Pecien,  Astarte,  Modiola,  Trigoma,  <fec.^,  by  gasteropods  (Naiica^  Ntritm. 
PateUa,  Troehut,  &c.),  by  a  few  ammonites  and  belemnites,  and  by  plaooid 
and  ganoid  fishes,  of  which  about  50  species  are  known.  The  reptils 
comprise  representatives  of  turtles,  with  species  of  IchiMyommr^a  mad 
Ple9io$aHru8^  CeUoiourm^  Teleo$amru8,  Megalosamrus,  and  nJampkurkymthm 
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But  the  most  important  organic  relics  from  this  geological  horizon  are 
the  marsupial  mammalia  already  referred  to. 

The  fauna  of  the  Great  Oolite  includes  a  number  of  corals  {Isastrsea, 
Cyathovhora,  Thamnastrsed),  echinoderms,  particularly  of  the  genera 
Acrosaleniay  Clypeus,  Echinohrissus,  and  Pseuaodiadema  ;  numerous  polyzoa 
(piastoporaj  &oX  brachiopods  of  the  genera  Bhynchonella  (22.  concinna. 
It.  obsoleia),  ana  Terehratida  (T.  digona,  T.  globata^  T.  maxillcUa);  lamel- 
libranchs,  particularly  species  of  Oermllia,  Lima,  Ostrea,  Pecten,  Arca^ 
Aatarte,  Cardiutn,  Cerotnya,  Cypricardia,  MyadieSy  Pholadomya^  Tancredia; 
gasteropods  of  the  genera  Act«onina,  Nerifuea^  Nerita^  Buccinunij  Murex, 
Fmus,  Patella,  &o.,  and  cephalopods,  which,  however,  are  comparatively 
rare.  Some  of  the  same  genera  of  fishes  occur  as  in  the  Inferior  Oolite, 
and  a  number  of  the  same  genera  of  reptiles.  The  Bradford  Clay  of 
Wiltshire  has  long  been  well  known  for  its  pear-encrinites  {Aviocriniies 
rotundusX  which  are  found  at  the  bottom  of  the  clay  with  their  base 
attachea  to  the  top  of  the  Great  Oolite  limestone. 

The  Combrash  is  traceable  by  some  species  peculiar  to  or  specially 
abundant  in  it,  as  Echinchrissua  clunictiktris,  E,  orbicularis,   Holectyjpus 


FlQ.  387. — ^MlDDLB  JtTBABfilO  AXMOVmB. 

a,  AmmoniteB  (Aspidooeras)  perannatua  (Sby.)  (i) ;  &,  A.  (AmaltheuB)  Lamberti  (Sby.) ; 
e,  A.  (Cosmoceras)  Jason  (Zeit)  (}) ;  d,  A.  (Coinnoceras)  callovienBis  (8by.)  (}). 

depresms,  Terebraiula  ohovata,  T.  lagenalis,  Avicula  echinaia,  Oervillia  avicur 
loides.  Ammonites  macrocepJudus  (Herveyf). 

The  MiDDLB  or  Oxford  Oolites  are  composed  of  two  distinct  groups :  (1) 
the  Oxfordian,  and  (2)  the  Corallian. 

(1.)  Oxfordian,  divisible  into  two  sections:  (a)  a  lower  zone  of 
calcareous  abundantly  fossiliferous  sandstone,  known,  from  a  place  in 
Wiltshire,  as  the  KeUaways  Bock  (Callovian).  This  zone,  after  dying 
out  in  the  midland  counties,  reappears  in  Lincolnshire  and  attains  a 
thickness  of  30  feet  on  the  Yorkshire  coast.  It  contains  about  150 
species  of  fossils,  of  which  nearly  a  half  are  found  in  lower  parts  of  the 
Jurassic  series,  and  about  the  same  number  pass  upward  into  higher 
zones.  Among  its  characteristic  forms  are  Ammonites  caUovienns, 
A.  gouoerianus.  A,  modiolaris,  A.  macrocephalus,  Belemnites  Oweni,  Avicula 
intequivalvis,  Qryphsea  hilchata  ;  ^6)  Oxford  Clay — so  called  from  the  name 
of  the  county  through  which  it  passes  in  its  course  from  the  coast  of 
Dorsetshire  to  that  of  Yorkshire — consists  mainly  of  layers  of  stiff  blue 
and  brown  clay,  sometimes  attaining  a  thickness  of  600  feet.  From  the 
nature  of  its  material  and  the  conditions  of  its  deposit,  this  rock  is  defi- 
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cient  in  some  forms  of  life  whioh  were  no  doubt  abundant  in  nrighboor- 
ing  areas  of  clearer  water.  Thus  there  are  hardly  any  corals,  and  few 
eohinoderms,  polyzoa,  or  bracliiopods.  Some  lamellibranchs  are  abondant, 
partionlarly  Gryphsea  and  Ostrea  (both  forming  sometimee  ^de  oyster- 
beds),  Lima,  Avicula,  Pecten,  Astarte^  Trigonia  (clavellatd),  Nucula  {N,  mdlt, 
N.  Pkillipsii) — the  whole  having  a  great  similarity  to  the  aaseniblagci 
in  the  Lower  Oolite  formations.  The  gasteropods  are  not  so  nnmerow 
as  in  the  calcareous  beds  below,  bnt  belong  mostly  to  the  same  genen. 
The  ammonites,  especially  of  the  Omatm  and  Armahu  groaps,  arc 
plentiful, — A.  Duncani,  A.  Elizabethm  (Jtiaon),  A,  LambeHi,  and  A.  oadaiu^ 
A.  omoAus,  A,  athleta,  being  characteristic.  The  belemnites,  -which  also 
are  frequent,  include  B,  haatatus  (found  all  the  way  irom  Dorsetshire  to 
Yorkshire),  also  B.  puzoaianus.  The  fishes  include  the  raieim  AMff^- 
canthuSj  Hyhodus^  Ischyodua  (^Egertanf),  and  Lepidoim.  The  leptiliazi 
genera  IcJUhyosaums^  Megahsaurus,  Plesiosaurus  (4  species),  Siemeotawnty 
Pliosaurua,  and  Bhamphorhynchua  have  been  noted. 

(2.)  Corallian,  traceable  with  local  modifications  fi^m  the  coast  of 
Dorset  to  Yorkshire.  The  name  of  this  group  is  derived  from  the 
numerous  corals  which  it  contains.  According  to  the  recent  exhaostiTv 
researches  of  Messrs.  Blake  and  Hudleston,^  mis  gronp  when  complete 
consists  of  the  following  subdivisions : 

6.  Supra-Gorallian  beds — clays  and  grits,  indading  the  Upper  Galcareoot  Grit 

c^  YorkBbire,  and  the  Sandsfoot  olays  and  grits. 
5.  Coral  Rag,  a  rubblj  limestone  composed  mainly  <^  masses  of  oonl. 
4.  Coralline  Oolite,  a  massive  limestone  in  Yorkd[iire,  but  dying  oat  aoothwatds 

and  reappearing  in  the  form  of  marl  and  thin  limestcme. 
8.  Middle  CMoareous  Qrit,  probably  peculiar  to  Yorkshiro. 
2.  Lower  or  Hambleton  Oolite,  not  certainly  recognized  oat  of  Yorkriiire. 
1.  Lower  Caloaieoas  Qrit. 

The  corals  are  found  in  masses  in  their  positions  of  growth,  faniizB^ 
true  massive  coral-reefs  in  Yorkshire  {Thamnaainea^ laaatraoa^  ThecotmSa^ 
BhabdophyUia  [Fig.  365]  ).  Numerous  sea-urchins  occur  in  many  of  ^ 
beds,  particularly  (Maria  florigemma  (Fig.  367),  also  Pyguma,  PygoaHar, 
Hemicidariay  &o.  Brachiopods  are  comparativelv  ixifrequeiit.  The 
lamellibranchs  are  still  largely  represented  by  Avicula^  Lima^  Oairm, 
Pecten,  and  Oryphaea  (Oatrea  gregarea  and  Gryphaaa  diUUaia  being  speoiallT 
numerous).  Ajnong  the  Ammonites  are  A,  catena,  A.  cardaUu,  A,  imytm 
A.  perarmatua,  and  A.  plicaiilia. 

The  TJppEa  or  Portland  OoLrrES  bring  before  us  the  records  of  tlie 
closing  epodis  of  the  long  Jurassic  period  in  England.  They  ar«  di- 
visible  into  three  groups:  (1)  Eimmeridgian,  at  the  base;  (2)  Port- 
landian,  and  (3)  Purbeckian. 

(1.)  Eimmeridgian,  so  named  from  the  day  at  the  base  of  the 
Upper  Oolites,  well  developed  at  Kimmeridge,  on  the  coast  of  DeTonahire, 
wnence  it  is  traceable  continuously,  save  where  covered  by  the  CSialk, 
into  Yorkshire.  According  to  Mr.  J.  F.  Blake  it  may  be  subdividad 
into  two  sections : 

(6.)  Upper  Rjmmeridgiaii,  consisting  of  paper*shales,  bitominous  shales,  cecMot 
stone,  and  clays,  characterized  oy  a  comparative  paodty  of  forma  hot 
an  infinity  of  indiridaals;  perhaps  650  feet  thick  ia  Dorsetriurs,  b«t 


On  (he  Corallian  RorJta  of  England,     Q.  J.  Geol,  Sor.  xxxiii.  p.  260. 
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thinDiog  away  or  difiappearing  in  the  inland  counties.    Thia  zone  is 
fairly  comparable  with  the  "  Virgolian  group"  of  foreign  authors. 


(a.)  Lower  Kimmeridgian,  blue  or  sandy  clay  with  calcareous  "dogj 
senting  the  **Astartian  group"  of  foreign  geologists, 
great  repository  of  the  fossils  of  this  group.* 


gers,   repre- 
This  is  the 


Among  the  more  coramon  fossils  are  numerous  foraminifera  (Ptdvtdtna 
pttlcheUa,  Bohultna  MunsteriX,  also  Senmla  tetragona,  Disdna  latisaima, 
Exogyra  virgula  (Pig.  373),  K  nana,  Tnracia  depressa,  Corbula  Deshayesia^ 
Cardium  stricUulum  (Fig.  373),  Betemniies  nitidiM,  Ammonites  hiplex.  A, 
decipiens.  A,  Berryeri,  A,  aerratus.  Numerous  remains  of  fishes  have 
been  obtained,  also  reptiles  of  the  genera  Ischyosaurus,  Megalosaurus, 
CeteasauruSy  Plesiosaurus  (12  species),  Pliosaurus  (6),  Ichthyosaurus  (9), 
Teleosaurusy  Steneosaurus^  i)akosaurus,  and  Goniopholts, 

(2.)  Portlandian,  so  named  from  the  Isle  of  Portland,  where  it  is 
typically  developed.  This  group,  resting  directly  on  the  Kimmeridge 
olay,  consists  of  two  divisions,  the  Portland  Sand  and  Portland  Stone. 
At  Portland,  according  to  Mr.  J.  F.  Blake,  it  presents  the  following 
succession  of  beds  in  descending  order :  ^ 

f  Shell  limestone  (BoachX  containing  Cerithium  Porllandicum  (very  abnnd- 

ant\  Sowerhya  Dukei,  Buccinum  naiiooideB. 
**Whit  bed"  —  Calcareous  Freestone,  the  well-known   Portland  stone 

{Ammomtes  giganteus), 
"  Curf,"  another  calcareous  building  stone  (flUrea  solitarta), 
•*  Base-bed,"  a  building  stone  like  the  whit  bed,  but  containing  irregular 

bands  of  flint 
Limestone,  *•  Trigonia  bed  "  (Trigonia  giblbota  (Fig.  373),  Pema  mytiloides). 
*§  <{  Bed  (3  feet)  consisting  of  solid  flint  in  the  upper  and  rubbly  limestone  in 

the  lower  part. 
Band  (6  feet)  containing  numerous  flints  {Serpula  gordiali$,  Ostrea  muUi" 

yormiti). 
Thick  series  of  layers  of  flints  irreg^arly  spaced  (^Ammonites  hoUmteMte, 

Trigonia  gibboBOt  T.  incurvd). 
Shell  bed  abounding  in  small  oysters  and  serpulsa  (Ammonites  meudo- 

gigaSf  A.  triplex,  Pleurotomaria  rugcUa,  P.  ItozeH,  Cardium  ditsimHe 
\     (I^  ig.  373X  Trigonia  gibhosa,  T.  tnourra,  Pleuromya  tdlina). 

Stiff  blue  marl  without  fossils  (12  to  14  feet). 

Liver-coloured  marl  and  sand  with  nodules  and  bands  of  cement  stone — 

26  feet  {Myiilu»    autissiodorensis,  Pecten  solidus,   Cyprina  implicata^ 

Ammonites  hiplev,  &c.). 
Oyster  bed  (7  feet)  composed  of  Exogyra  hruntrutana. 
Yellow  sandy  beds — 10  feet  {Cyprina  implicata.  Area). 
Sandy  marl  (at  least  30  feet)  passing  down  into  Kimmeridge  clav  (Am- 

monites  hiptex,  Lima  boUmiensis,  Pecten  Morini,  Avicula  octavi<ij  Trigonia 

tncttrro,   T.  muricata,  ^  T.  PelUUi,  Bhynchonella  Portlandica,  Disdna 
;     Humphriesiana). 

Among  Portlandian  fossils  a  single  species  of  coral  {Isastraea  dblonga) 
occurs ;  echinoderms  are  scarce  {Acrosatenia  Kimigi,  &c.),  there  are  also 
few  brachiopods.  The  most  abundant  fossils  are  lamellibranchs,  the 
best  represented  genera  being,  Trigonia,  Astarte,  MytUus^  Pecten,  Xtmo, 
Pema,  Ostrea,  Cyprin<i,  Lucina,  Cardium,  Pleuromya,  Eight  species  of 
Ammonite  occur  {A,  giganteus,  pseudogigas,  boloniensis,  triplicate,  biplex^ 
pectinaius,  Bleicheri  (f),  Boisdini).  Fish  are  represented  oy  two  genera 
{Chimaera  and  Pycnodus),  and  some  of  the  older  Jurassic  saurian  genera 


*  J.  F.  Blake  On  the  Kimmeridge  Clay  of  England. 
«  Q,  /.  Oeol,  8oc,  xxxvi.  p.  189. 
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(SteneoMunu,    CeteoMurus)  still  appear,  together  with    the    crooodik 
Goniopholis.^ 

(3.)  Purbeckian.— This  group,  so  named  from  the  Isle  of  Porbect 
where  best  developed,  is  usually  connected  with  the  foregoing  fonu- 
tions  as  the  highest  zone  of  the  Jurassic  series  of  England.  But  it  ii 
certainly  separated  from  the  rest  of  that  series  by  many  pecnliaiitka. 
which  show  that  it  was  accumulated  at  a  time  when  the  physical  geo- 
graphy and  the  animal  and  vegetable  life  of  the  r^on  were  undergobi 
a  remarkable  change.  The  Portland  beds  were  gently  upraised  tad 
even  somewhat  denuded  before  the  lowest  Purbeckian  strata  werv  6& 
posited.  Hence  a  considerable  stratigraphical  and  palseontologkil 
break  is  to  be  remarked  at  this  line.  The  sea-floor  was  converted  ptxih 
into  land,  partly  into  shallow  estuaries.  The  characteristic  maiioe 
fauna  of  the  Jurassic  seas  nearly  disappeared  from  the  area,  its  {dace 
being  taken  by  fresh-water  and  brackisn-water  forms. 

The  Parbeckian  beds  have  been  divided  into  three  sectionB.  Of 
these  the  lowest  consists  of  fresh-water  limestones  and  days,  withlajen 
of  ancient  soil  ("dirt  beds  ")  containing  stumps  of  the  trees  which  grew  b 
them ;  the  middle  comprises  about  130  feet  of  strata  with  marine  fossik. 
while  the  highest  shows  a  return  of  fresh- water  conditions.  Amoog  t^ 
indications  of  the  presence  of  the  sea  is  an  oyster-bed  (Otirea  duiahAi 
12  feet  thick,  with  Pecten,  Modiola,  AviaUa^  Thracia^  &o.  The  fresh-wstff 
bands  contain  still  li  ving  genera  of  lacustrine  and  fluviatile  shells  {Paiaim. 
lAmnmay  Planorhis,  Physa,  Valvata^  Unio,  and  Cyclas),  Numerous  fiibtf. 
both  placoid  and  ganoid,  haunted  these  Purbeck  waters.  Many  insects, 
blown  off  from  the  adjacent  land,  sank  and  were  entombed  and  presonvi 
in  the  calcareous  mud.  These  include  coleopterous,  orthopterous,  hew- 
pterons,  neuropterous,  and  dipterous  forms  (Fig.  376).  Remaim  o: 
several  reptiles,  chiefly  chelonian,  but  including  the  old  Jurassic  croco- 
dile Goniopholis,  have  also  been  discovered.  The  most  remarkabk 
organisms  of  this  group  of  strata  are  the  mammalian  forms  alreaih 
noticed  (p.  782).  It  is  deserving  of  note  that  these  remains  ooctr. 
almost  wholly  as  lower  jaws,  in  a  stratum  about  5  inches  thick  lyi^ 
near  the  base  of  the  Middle  Purbeck  group,  these  being  the  portiooi  d 
the  skeleton  that  would  be  most  likely  first  to  drop  out  of  floaliiig 
and  decomposing  carcases. 

France,  Ssc. — The  Jurassic  system  is  here  symmetrically  developed  ii 
the  form  of  two  great  connected  rings.  The  southern  ring  enckses  the 
crystalline  axis  of  the  centre  and  south ;  the  northern  and  1a>}K^  ^ 
encircles  the  Cretaceous  and  Tei-tiary  basin  and  opens  towards  the  Cbasacl* 
where  its  separated  ends  point  across  to  the  continuation  of  the  nse 
rocks  in  England.  But  the  structure  of  the  two  areas  is  exactly  oppofite. 
for  in  the  southern  area  the  oldest  rocks  lie  in  the  centre  Hi  tk 
Jurassic  strata  dip  outwards,  while  in  the  northern  region  the  young** 
formations  lie  in  the  centre  and  the  Jurassic  beds  dip  inward  below  thca- 
Where  the  two  rings  unite  in  the  middle  of  Franoe  they  send  a  toDpt 
down  to  the  Bay  of  Biscay.  On  the  eastern  side  of  the  countiy  tk 
Jurassic  system  is  copiously  developed,  and  extends  thenoe  easlwinl* 
through  the  Jura  Mountains  into  (Germany. 

The  subdivisions  of  the  Jurassic  system  in  the  north  and  north-««i< 
of  France  resemble  generally  those  established  in  England,  hut  gradoftU? 

>  J.  F.  Bloke,  Op,  eH. 
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vary  from  the  English  typo  as  they  are  traced  to  the  south  and  east. 
The  following  table  comprises  the  larger  sections ;  many  of  these,  as  in 
England,  being  further  subdivided  into  zones  characterized  by  peculiar 
or  specially  abundant  species  of  fossils :  ^ 

Purbeokien,*  fresh  and  brackish  water  beds  with  Corhula /orbeeiana,  Physa 
wecddiana^  VcdvtUa  helicoide$,  and  other  Purbeck  species.  Found  in  tlie 
Jura,  lying  conformably  on  top  of  Portlandien,  near  Morteau,  valley  of  the 
Doubs. 

Portlandien,  a  well-developed  group  of  limestones,  divisible  in  the  Cote  d'Or 
into  an  upper  zone  with  Trigonia  bohnienaU  andPmfia  tupra-juremiB^  and 
a  lower  zone  with  Ammonites  gigas.  The  group  extends  into  the  Swiss 
Jura,  northwards  down  the  valley  of  the  Mouse,  and  reappears  on  the  coast 
near  Boulogne-sur-Mer,  where  it  attains  a  thickness  of  above  200  feet,  and 
is  divisible  into  three  bands :  a  lower  stage  {Trigonia  Michdoti,  T.  bar- 
ren$i8^  T.  boUmienm,  Ckirdium  dissimile,  Attrofecten  LoHclii,  ffemicidartM 
purbeehenais,  Ac) ;  a  middle  stage  {Cardmm  monntctim,  Oslrea  ex- 
pansa,  ArnmoniUs  Wpfeaj,  Aer<mienia  KCnigii) ;  and  an  upper  stage  {Am- 
moniteB  gigcu,  &c.). 

Kimmeridien  =  Kimmeridge  clay, divisible  into  three  zones  as  under: 
e.  Virgulien  {Exogyra  i&irea)  virgula). 
h.  Pt6poo^rien  (Pterooeras  Ooeani), 

a.  Astartien  rOaloaires  k  Astartes),  Sequanien  in  part,  Ostrea  deltaidea 
(Fig.  37a),  Astarte  minima. 

Coral  lien.  Some  authors  take  the  upper  part  of  this  group  into  a  separate 
section  under  the  name  of  Sequanien,  largely  developed  in  the  east  of 
France,  where  it  consists  of  massive  limestones  sometimes  400  feet  thick. 
In  the  Ardennes  also  this  group  sometimes  exceeds  400  feet  in  thickness, 
and  consists  of  limestones.  The  Corallien  in  France  and  Switzerland 
presents  three  zones :  1st,  an  upper  set  of  fine  white  earthv  or  siliceous 
Umestoneswith  Nerinsea,  Dieeraa  orieitnttiii,  &c.,  apparently  absent  in  Eng- 
land ;  2nd,  a  middle  group  of  coral  limestones  (Thecotmuioj  MontUvaUia^ 
ImutrtM^  Thamnaslrxa,  &c.) ;  3rd,  a  lower  echinoderm  zone  {Cidaris  Jtori- 
gemmoy  Olypiicus  huroglyphicu$),  ^  „     .     ^         .  ^      _        , 

Oxfordien  (including  Argovien  and  Callovien)  consists  of  marls,  sometimes 
*  ccdcarcous  or  ferruginous.  The  following  zones  in  descending  order  have 
been  observed  in  the  C6te  d'Or:  1.  Ammonite*  pHeataiB,  Pholadomya 
pareieodaia;  2.  Ammonites  habeanus,  Pholodxmya  ampla ;  3.  AmmoniU's 
hipUx,  A.  eanalieulatus,  A.  HenrieL,  A.  eucharis,  Trigonia  daveUata  /  and 
large  sponges  (Scyphia  obliqua  and  other  species)  ;  4.  Ammonites  cordatus, 
A.  perarmatuSf  A.  ocvkUus ;  5.  Mames  Calloviennes  with  Ammonites  caUo- 
viensis,  A.  maeroeephaim.  A,  cUhUta  (=  Kellaways  Rock).  In  the  Bou- 
lonnais  the  subdivisions  in  descending  order  are :  1.  Clay  with  Ammonites 
ManteUi;  2.  Clay  with  A.  eordatus;  3.  Clay  and  marly  limestone  with 
A,  Lamberti;  4.  Clay  with  A,  maeroeephalus. 

Bathonien  or  Grande  Oolithe,  composed  in  the  North  of  France  of  the 
following  lithological  zones  in  descending  order:  Calcaire  k  Polypiers, 
Calcaire  de  Banville,  Oolithe  de  Caen,  Calcaire  de  Caen,  Grande  Oolithe, 
Terra  k  Foulon.  In  this  region  the  pal»ontological  zones  are  in  descending 
order:  1.  Terebratula  lagenalis ;  2.  Rhynehonella  ele^nttda;  S,  Bhyneko- 
neUa  decorata  or  Rh.  Hopkinsii;  4.  Cardium  pes-boms;  5.  Clypeus  Plotii; 
6.  Ostrea  aetminaia.  In  the  east  of  the  country  (C6te  d'Or)  the  following 
zones  have  been  made  out  in  descending  order— 1.  Flags  and  marls,  with 

>  See  a  iUl  biblioeraphy  of  works  on  the  Jurassic  Rocks  of  N.W.  France,  in  an 
excelfent  paper  on  th^  itiks  by  Mr.  J.  F.  Blake.  Q.  /.  Geol.  8oe.  1881,  p.  497. 
Consult  also  DOrhignf a  PaUoniographie  Franfaiso—Terrains  Oolitiques,"  1842-1850; 
D'Arobiac  PoWontologta  de  to  France,  1868.  t>„  i_w      a 

«  Mr  J  F  Bkke,  in  the  paper  already  cited,  proposes  to  class  the  Purbeck  and 
Portland  limestone  with  their  equivalento  under  the  term  Portlandwn  as  tbe  uppermost 
taonp  of  tbe  Jurassic  system.  Below  these  beds  he  places  the  middle  and  lower  Port- 
Sind  OS  the  *•  Bolonian  group."  resting  upon  the  Virggli^  beds  of  the  Kimmendgian, 
and  including  strata  lower  in  position  than  the  true  Portland  beds,  and  which  are  not 
found  in  the  south  of  England. 
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PerUaorinus  JBuvignieri^  Heteropora  oofUfera;  2.  Beds  with  Tereirafafe 
chovata,  iKutrma  UmitcUa ;  3.  JBeda  wita  TenbnUula  eardium,  Apioewi- 
nitee  ParkinBoni;  4.  Thidc-bedded  limestonee  with  BhynehtmeOa  cbeo- 
rata;  5.  Oolitio  limeetoiies  with  Pedm  laminatiu;  6.  Marls  with  (kkm 
acuminata, 
Bajooieo,  or  Oolithe  Inft^rieure,  well  devdoped  in  the  Department  of  Gbl- 
yadoB,  the  name  of  the  group  being  taken  from  Bayenx.  In  the  noitk 
of  France  the  strata  are  divisible  into  two  zones,  the  lower  ohaxactennd 
by  Ammonites  Murchiwnm,  the  upper  by  A,  Blagdeni,  Ac  In  the  east  of 
the  country  this  ^roup  covers  a  large  area.  In  the  department  of  Satee 
et-Loire  it  contains  the  following  subdivisions  in  descending  order— 

1.  Thin-bedded  oolitic  limestone  perforated  by  LOhapkaga   hajocmmwU; 

2.  Ferruginous  and  oolitio  limestone  with  Couyrite$  ringem^  Awumomitm 
Parkintoni,  A.  tubradiatus.  A,  garantiantu;  8.  Sandy  marls  andoaloarcooi 
bands,  Terebrattda  PhiUipsii,  jRhynohoneUa  (numerous  speoiesX  fmiimifSi 
intetruptus,  A.  TrueUei^  &c. ;  4.  Coral-limestone  composed  of  reefis  of  Tkam- 
naatrmOj  Itastrxa,  &c,  with  Ammonites  SauMeij  Pinna  inomata,  Bhfneic- 
neUa  ookata,  &o, ;  5.  Reddish  or  white  thick-beddad  limestone  (Oaloaivs  k 
Entroques)  with  thin  marly  beds  full  of  sponges,  polyzoa,  and  feaginenti 
of  orinoids,  Ammonites  Murchisona^  Belemnttes  ffigantats,  Photodom^a  jfid*- 
euia,  Trigonia  striata^  &o. ;  G.  Brown  siliceous  limestone  with  Pedet^  pena- 
natus^  restine  upon  ferruginous  sands  containing  Ammoniies  optuimmt, 
which  form  the  top  of  the  liias. 

Toarcien  (from  Thouars  =  Upper  Lias),  composed  of  alternations  of  lime- 
stone and  clays  capable  of  palieontological  separation  into  an  upper  aeries 
oontaioing  Ammonites  opatinus^  A.  thouarsensis,  A.  radiams,  A.  imtigmis, 
A.  variabiUsy  A,  mucronatus;  k  middle  series  with  A,  radiaanSjA,  hifroms; 
and  a  lower  series  with  A,  serpeniinus,  A.  eomplanatus^  Bh^ndkcmtOm 
teirahedra, 

Liassien  (=  Middle  Lias),  composed  of  marls  and  aigillaoeous  linkeatooes 
divisible  into  a  series  of  zones  characterized  by  many  of  the  same  Aidbck 
nites  as  the  Middle  Lias  of  England. 

Sin^murien  (=  Lower  Lias),  composed  of  arsillaceous  limestones,  and  maris 
with  the  normal  series  of  Ammonite  zones.  Ostrea  areuatOy  Betewmitem  bnms, 

Hettangien  (Infra-Lias),  marl^  and  shelly  limestones  with  Awtmomitm 
pktnorbiSf  &o.,  and  corresponding  to  the  Angulatus  and  Plimorbia  moom 
at  the  base  of  the  Lias,  resting  conformably  on  tiie  sandstones,  mari%  and 
bone-bed  of  the  Avictda  oontorta  zone  or  Bhaotlc. 

One  of  the  most  interesting  features  of  the  Lias  in  the  northern  or 
Jura  part  of  Switzerland  is  the  insect  beds  at  Schiunbelen  in  the  (3antoo 
Aargau.  The  insects  are  better  preserved  and  much  more  varied  than  in 
the  English  Lias,  and  include  representatives  of  Orthoptera,  Neuioptani 
(Toleoptera  (upwards  of  100  species  of  beetles),  H^enoptera,  and  Hemi- 
ptera.  Aboutnalf  of  the  beetlee  are  wood-eating  kinds,  so  that  ihen  miit 
have  been  abundant  woodlands  on  the  Swiss  dry  land  in  Liaasic  time.' 

In  north-western  (Germany  the  subjoined  classification  has  bees 
adopted  :^ 

'  Purbeok  group  rSerpulit,  Miinder  Mergel),  forming  a  transition  U4  wu— 

Purbeok  and  Portland. 
Eimbeckhauser  Plattenkalke  and  zone  of  Amm.  giganieus^  eqmrmimki 

to  the  English  Portland. 
Kimmeridge  group  (Upper,  with  Exogyra  virguta  ;  Middle  or  Pfsrocvro* 

beds ;  Lower  or  Astartian  with  Nerinma  beds  and  zone  of  3W«6nil«fa 

humeralis  »). 
Oxford  group  (Upper  or  Oorallian,  with  Oidaris  Jhrigemma;  Lower  or 

Oxford  iHersumer  sohiehten'],  with  Chyphsea  dikUata), 

*  Heer,  Urwelt  der  SehweiSy  p.  82. 

*  Ueinr.  Credner,  Ober,  Jura  in  N.  W,  DeutseMand,  1863.  See  also  the  mil 
of  Oppel  and  Quenstedt  auoted  on  p.  784,  and  K.  von  Seebaoh's  Der  HoiuiotvTvdU  Jwn, 
1864.    Branns'  Unter.,  Mita.  und  Ober.  Jura,  1869,  1871,  1874. 

*  Struokmann,  N.  Jahrb.  1881,  p.  102. 
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Upper 


Clavs  with  AmmonUes  omatu$. 
Shales  with  A,  tnacrooepludua, 
Oornbrash  with  Avictda  echinata,  Atnm.  foiterw. 
Shales  with  Oitrea  Knorrit  Amm,  ferrugtneuB. 
,  Zone  of  Amm,  Parkintonu 
Ooronaten-Schiohten,  olays  with  Belem»Ue$  giganteWy  Amm, 

Humphri€9ianu$t  Amm,  Braikenridgi. 
Shales,  sandstones,  and  ironstones,  with  Inoceramu$  polyploeuM, 

Amm,  MurehitoruB, 
Clays  and  shales  with  Amm,  opaUnui. 

Grey  marls  with  Ammonites  jurentU, 

Bituminous  shales  (Posidonien-sohlelbr)  withilmm.  lythensin, 

A,  communU^  A,  bt/roiM,  Potidonia  BronrU, 
Clays  with  Amm,  $pinalu8. 

Marls  and  limestones  with  Amm,  capricomusy  A,  Davmi, 
Dark  clays  and  ferraginous  marls  with  A,  hrevitpinci. 
Clays  with  Amm,  planicofU^  A,  rorteottatius. 
Blue  grey  da^  with  A.  BwikUmdi  (Arietenschichten). 
Dark  clays  with  A,  anqulatus. 
Dark  olays  and  sandy  layers  with  A,  pUmorbia  {ptHonoiui). 

In  lithologioal  character  the  Oerman  Lias  presents  many  points  of  re- 
semblance to  that  of  England.    Some  of  the  snales  in  the  upper  division 
are  so  bituminous  as  to  be  workable  for  mineral  oil.    With  the  general 
succession  of  organisms  also,  so  well  worked  out  by  Oppel,  Quenst^t,  and 
others,  the  English  has  been  found  to  agree  closely.    The  Dogger  or 
Brown  Jura  represents  the  Lower  Oolite  of  England  and  the  Etage 
Bajoden  and  Bathonien  of  France.    Its  lower  division  consists  mainly 
of  dark  days  and  shales,  passing  up  in  Swabia  into  brown  and  yellow 
sandstones  with  oolitic  ironstone.  The  central  group  in  northern  Germany 
differs  from  the  corresponding  beds  in  England,  France,  and  southern 
Germany  by  the  great  preponderance  of  dark  clays  and  ironstone  nodules. 
The  upper  group  consists  essentially  of  days  and  shales  with  bands  of 
oolitic  ironstone,  thus  presenting  a  great  cufference  to  the  massive  cal- 
careous formation  on  the  same  platform  in  England  and  France.    The 
Malm,  or  Upper  (white)  Jura  corresponds  to  the  Middle  and  Upper 
Oolites  of  England,  from  the  Kellaways  rock  upwards,  with  the  equivalent 
formations  in  France.     It  is  upwards  of  1000  feet  thick,  and  derives  its 
name  from  the  white  or  light  colour  of  its  rocks  contrasted  with  the  dark 
tints  of  the  Jurassic  strata  below.    It  consists  mainly  of  white  limestones 
in  many  varieties ;  other  materials  are  dolomite  and  calcareous  marl.    Its 
lower  (Oxford)  group  is  essentially  calcareous,  with  no  lithologioal  equi- 
valent of  the  true  Oxford  clay,  but  it  contains  some  of  the  fossils  which 
occur  in  that  clay,  e,g.  Ammonites  cordatus  and  Oryphsea  dilatata.      The 
massive  limestones  wiUi  Cidaris  JUnigemma  are  doubtless  the  equivalents 
of  the  Oorallian.     The  Kimmeridge  group  presents  at  its  base  beds  equi- 
valent to  the  Astartian  zone  of  France  {Astarte  Bupracorallina^  NoHca 
gldboio^  ^O*  ^^  %y\Q\i  an  abundance  and  variety  of  the  gasteropod  genus 
Nerinea  that  the  beds  have  been  named  the  *' Nerineen-Schichten*" 
Above  these  come  beds  with  Pteroceras  Oceania  marking  the  central  zone 
of  the  Kimmeridge  formation.     Higher  still  lie  oompact  and  oolitic  lime- 
stones with  Exogyra  virgulc^  representing  the  upper  or  Yirgulian  stage. 
At  the  top  come  limestones  and  marly  clays  with  Ammonites  giganteus^ 
which  indicate  the  Portland  formation.     The  most  important  member  of 
the  German  Kimmeridge   series    is  undoubtedly  the  limestone  long 
quarried  for  lithographic  stone  at  Solenhofen  near  Munich.    Its  excessive 
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fineness  of  grain  has  enabled  it  to  preserve  in  the  most  marvellom  perie^ 
tion  the  remains  of  a  remarkably  varied  and  abundant  fauna  both  of  the  la 
and  land.  Beside  skeletons  of  fishes  {Atpidorhynchus,  Lepidoius^  M^titru , 
oephalopods  showing  casts  of  their  soft  parts,  crabs  with  evciy  iitit  oi 
the  integument  in  plaoe,  and  other  denizens  of  the  water,  tiiere  lie  tk 
relics  of  a  terrestnal  fauna  washed  or  blown  into  the  neighboonif 
shallow  lagoons — dragonflies  with  the  laoe-work  of  their  wingB,  and  odff 
insects,  the  entire  skeletons  of  Pterodaotyle  and  Bhamphorhyncua,  in  ok 
case  with  the  wing  membrane  preserved,  and  the  remains  of  the  etriiae 
known  bird,  ArcSaBopteryx  (see  pp.  778,  781).  The  G^emum  Psriwci 
group  attains  an  enormous  development  in  Westphalia  (1650  feet),whtp- 
between  limestones  full  of  Corhula^  Paludina,  and  Oj^cla^  pcnntiBg  t> 
fresh- water  deposition,  there  occur  beds  of  gypsum  and  rock-salt. 

Alps. — The  Jurassic  system  in  the  Alps  is  not  so  well  develi»ed  m  i:. 
other  parts  of  Europe.  The  Lias  is  there  recognizable  by  foasus  wkki 
in  their  specific  forms  and  general  succession  may  be  paralleled  in  a  brad 
way  with  those  of  the  same  formation  elsewhere.  It  lies  confomaUj 
on  the  Bhastic,  but  between  it  and  the  overlying  JuTaasio  groopi 
there  is  a  marked  unconformability.  At  the  top  of  the  Alpine  Jxavm: 
series  an  important  group  of  deposits  occurs  to  which  the  name  of  Titbo- 
nian  stage  was  given  by  Oppel.^  Much  discussion  has  arisen  as  t 
whether  this  stage  should  be  referred  to  the  Jurassic  or  Cretaoeoos  systea. 
The  geologists  of  Bavaria  and  Austria  assign  it  to  the  former,  while  ibom 
of  France  place  it  with  the  latter.  According  to  the  one  view  the  W 
of  the  group  is  marked  by  the  zone  of  Ammonites  (Oppelia}  temnkUtv 
(^Aspidoceraa  acanthicum),  over  which  comes  a  mass  of  strata  ocHuistzBg 
sometimes  of  reddish  well-bedded  limestones  so  fiill  of  Terebraiula  Hfig* 
(jan%tor)a8  to  be  named  the  "Diphya-limestone;'*  sometimes  of  thick-bedU 
or  massive  light-coloured  limestones  (Stramberg  limestone,  from  Strainba; 
in  Moravia).  The  limestones  are  often  crowded  with  cephalopodi,  (/ 
which  a  large  number  of  species,  many  of  them  peculiar,  have  beei 
noticed.  The  shales  or  impure  shaly  limestones  are  sometimes  fall  of  ^ 
ourioiis  oephalopod-appendages  known  as  Aptychm  (Ap^tshus-bedf  > 
Some  of  the  more  massive  limestones  are  true  ooral  reefis.  On  the  other 
hand,  it  is  contended  by  M.  Hubert  and  other  ^legists  of  France  tbil 
the  position  of  the  zone  of  Amm,  tenuilobatus  has  been  mistaken.  H« 
believes  that  this  zone  is  really  more  ancient  than  the  Coral*rag  of  tk 
]Korth,  and  that  the  limestones  with  Terehratula  diphya  and  a  Uxf^ 
cephalopo^ous  fauna  are  certainly  Neocomian.  The  Diphya*limeitaBe 
with  its  peculiar  fossils  appears  to  range  from  the  Carpathiana  throi^ 
the  Alps  and  Apennines  into  Sicily. 

North  America. — So  far  as  yet  known,  rocks  of  Jurassic  age  pl»J 
but  a  subordinate  part  in  North  American  geology.  Perhaps  sooia  i^ 
the  red  strata  of  the  Trias  belong  to  this  division,  for  it  is  difBoolt,  owi£( 
to  paucity  of  fossil  evidence,  to  draw  a  satisfactory  line  between  the  tw 
systems.  Strata  coutaining  fossils  believed  to  represent  thoae  of  tbe 
European  Jurassic  series  have  been  met  with  in  recent  years  duriiig  the 
explorations  in  the  western  domains  of  the  United  States.     They  vtaa 

*  ZeU.  Deutsch.  Geol,  Oe$.  xviL  (1865),  535.  See  alBO  M.  Neumajr,  AbhmmdL  G^ 
BeichsanstaU.  t.  ;  Zittel,  PoUbotU.  MittheU,  Mw.  Bayer. ;  Ileberi,  BuU,  8oe,  04oL  fV«*. 
ii.  (2nd  iS^r.),  148;  W.  Beneoke,  Tria$  und  Jura  in  den  Suda^n,  imS;  O.  Uo^ 
Jura  in  den  Alpen,  Oeteehtceix^  1872.  Bee  also  the  Jura-^ndien,  of  NeuniaTr,  §itm^ 
cited  (p.  784). 
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among  some  of  the  eastern  ranges  of  the  Bock^  Monntains  (Colorado ; 
Black  Hills,  Dakotah;  Wind  Biver  Monntains;  Uinta  Monntains; 
Wahsatoh  range,  &o.),  as  well  as  in  the  Sierra  Nevada  and  other 
localities  on  the  western  side  of  the  watershed.  They  have  been  recog- 
nized also  far  to  the  north  beyond  the  great  region  of  Azoic  and  PalsBozoio 
rocks  in  the  arctic  portion  of  the  continent.  They  consist  of  limestones 
and  marls,  which  appear  seldom  to  exceed  a  few  nnndred  feet  in  thick- 
ness. The  fossils  include  species  of  Peniacrinua^  MonotiSj  Trigonia^ 
lAma^  Ammomtes,  and  Belemnites.  But  recent  discoveries  by  Professor 
Marsh  of  Yale  College  have  brought  to  light  irom  the  upper  Jurassic 
strata  of  Colorado  a  remarkable  series  of  reptilian  forms  which  have 
given  a  wholly  new  interest  and  importance  to  the  Jurassic  rooks  of 
America.  Among  remains  of  fish  (CercUodus),  tortoises,  pterodactyls,  and 
crocodilians,  he  has  recognized  the  bones  of  carnivorous  and  herbivorous 
deinosaurs.  One  of  these,  the  AtlantosauruSy  has  already  been  referred  to. 
Other  forms  are  MoromuruSj  ApcUosaurtis,  Creosaurua,  and  Lao8auru8,  the 
latter  having  more  ostrich-like  afifinities.  With  this  rich  and  striking 
reptilian  fauna  are  associated  the  remains  of  some  small  marsupials 
{JDryolestes  priscua,  Stylacodon  grcu^lis), 

Asia. — In  India  the  upper  part  of  the  enormous  Gondwana  system  is 
possibly  referable  to  the  Jurassic  period.  In  Cutch,  however,  a  marine 
series  of  strata  occurs  containing  a  representation  of  the  European 
Jurassic  system  from  the  Inferior  Oolite  up  to  the  Portland  inclusive. 
These  rocks  attain  a  thickness  of  6300  feet,  of  which  the  lower  half  is 
chiefly  marine  and  the  upper  mainly  fresh-water.  Among  the  zones 
recognized  by  Stoliczka  were  those  of  Ammonites  macrocephalu8j  A.  ancepa^ 
and  A.  athleta  of  the  Kellaways  (Callovian)  group;  A.  Lamherti^  A. 
cordatu8,  A.  transveraariua  of  the  Oxford  clay;  A,  tenuilobatua  of  the 
Kimmeridge.^ 

Australasia. — The  existence  of  Jurassic  rocks  in  Queensland  and 
Western  Australia  has  been  demonstrated  by  the  discovery  of  recognizable 
Jurassic  species  and  others  closely  allied  to  known  Jurassic  forms.'  Traces 
of  the  same  system  have  been  found  in  New  Caledonia  and  the  northern 
end  of  New  Guinea.  In  Otago,*New  Zealand,  the  Putakaka  formation 
of  Button,  estimated  to  be  between  9000  and  10,000  feet  thick,  is  referred 
by  him  to  the  middle  or  lower  Jurassic  period.  It  has  yielded  a  few 
fossils  {PholcuUmyay  ABtarte,  Ammonites). 


Section  III. — Cretaceous. 

The  next  great  series  of  geological  formations  is  termed  the  Cre- 
taceous system,  from  the  fsict  that  in  north-western  Europe  one  of  its 
most  important  members  is  a  thick  band  of  white  chalk  (ereta).  It 
presents  very  considerable  lithological  and  palaBontological  differ- 
ences as  it  is  traced  over  the  world.  In  particular,  the  white  chalk 
whence  its  name  was  taken  is  almost  wholly  confined  to  the  Anglo- 
Parisian  basin  where  the  system  was  first  studied.  Probably  no 
contemporaneous  group  of  rocks  presents  more  remarkable  local 

^  Medlioott  &  Blanford's  Geology  of  India,  p.  258. 
«  Moore,  Q.  J,  Ged,  8oc,  xxvi.  261.    W.  B.  Clwr^o,  Op.  cit  xxiii.  7. 
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differences  than  the  Cretaceons  system  of  Europe.  These  differeuces 
are  the  records  of  an  increasing  diversity  of  geographical  ooadiUoDs 
in  the  history  of  the  Continent 

§  1.  General  Characters. 

Rocks. — In  the  European  area,  as  will  be  afterwards  points 
out  in  more  detail,  two  tolerably  distinct  areas  of  deposit  can  be 
recognized,  each  with  its  own  character  of  sedimentary  accuinnlatioiv^ 
The  northern  tract  includes  Britain,  the  lowlands  of  Central  £kirop& 
southwards  into  Silesia,  Bohemia,  and  round  the  Ardennes  into  the 
basin  of  the  Seine.  The  southern  region  embraces  the  centre  and 
south  of  France,  the  range  of  the  Alps,  and  the  basin  of  the  Mediter- 
ranean eastwards  into  Asia.  In  the  northern  area,  which  appears  to 
have  been  a  basin  in  great  measure  shut  off  from  free  communioa- 
tiou  with  the  Atlantic,  the  deposits  are  largely  of  a  littoral  or 
shallow-water  kind.  The  basement  beds,  usually  sands  or  saad- 
stones,  sometimes  conglomerates,  are  to  a  large  extent  gUnoo- 
nitio  (greensand).  The  marked  diffusioo  of  glauconite  both  ii 
the  sandstones  and  marls  is  one  of  the  distinctive  cbaracterB  of  thi§ 
series  of  rocks.  In  Saxony  and  Bohemia  the  whole  Cretaceow 
system  consists  chiefly  of  massive  sandstones,  which  appear  to  ha^e 
accumulated  in  a  gulf  along  the  southern  margin  of  the  northen 
basin.  Considerable  bands  of  clay,  occurring  on  different  pbitlbnDt 
among  the  European  Cretaceous  rocks,  are  often  charged  witk 
fossils,  sometimes  so  well  preserved  that  the  pearly  nacre  of  the 
shell  remains,  in  other  cases  encrusted  or  replaced  by  marcasite. 
Alternations  of  soft  sands,  clays,  and  shales,  usually  more  or  ka 
glauconitic,  are  of  frequent  occnrrence  in  the  lower  parts  of  the 
system  (Neocomian  and  older  Cenomanian).  The  calcareous  strata 
assume  sometimes  the  form  of  soft  marls,  which  pass  into  glas- 
conitic  clays  on  the  one  hand  and  into  white  chalk  on  the  other. 
The  white  chalk  is  a  pulverulent  limestone  composed  of  fra^mea- 
tary  shells  and  foraminifera,  the  upper  part  showing  layers  of  fliota 
In  some  places  it  becomes  a  hard  dull  limestone  breaking  with  a 
splintery  fracture.  Nodular  phosphate  of  lime  occurring  on  differeat 
horizons  is  extensively  worked  as  a  source  of  artiticial  manore. 
Seams  of  coal  appear  in  the  Lower  Cretaceous  series  of  north- 
western Germany,  as  well  as  beds  of  concretionary  limonite.  In  the 
southern  basin,  where  the  conditions  of  deposit  appear  to  have  beea 
more  those  of  an  open  sea  freely  communicating  with  the  Atlantir. 
the  most  noticeable  feature  is  the  masiiveness,  compactness,  and 

E^rsintence  of  the  limestones,  which  cover  a  large  part  of  Soathen 
urope.  These  rocks  from  their  extent  and  organic  contents  in- 
dicate that  during  Cretaceous  times  the  Atlantic  extended  aiatMi 
the  south  of  Europe  and  north  of  Africa,  fax  into  the  heart  of 
Asia,  and  may  not  impossibly  have  been  connected  across  the  nofth 
of  India  with  the  Indian  Ocean. 
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Life. — The  Cretaceous  system,  both  in  Europe  and  North 
America,  presents  successive  platforms  on  which  the  land  vegetation 
of  the  period  has  been  preserved,  though  most  of  the  strata  contain 
only  marine  organisms.  This  terrestrial  flora  possesses  a  great 
interest,  for  it  includes  the  earliest  known  progenitors  of  the  abun- 
dant dicotyledonous  angiosperms  of  the  present  day.  In  the  earlier 
part  of  the  Cretaceous  period,  it  appears  to  have  closely  resembled  the 
vegetation  of  the  previous  ages,  for  the  same  genera  of  ferns,  cycads, 
and  conifers,  which  formed  the  Jurassic  woodlands,  are  found  in  the 
rocks.  Yet  that  angiosperms  must  have  already  existed  is  made 
almost  certain  by  the  sudden  appearance  of  numerous  forms  of  that 
class,  at  the  base  of  the  Upper  Cretaceous  formation  in  Saxony  and 
Bohemia,  whence  forms  of  Acer,  Alnus,  Credneria,  Cunninghamites, 
Scdix^  &c.,  have  been  obtained.  Still  more  varied  and  abundant  is 
the  dicotyledonous  flora  preserved  in  the  highest  zones  of  the  system 
at  Aix-la-Chapelle.  The  number  of  species  of  plants  obtained  from 
that  locality  has  been  estimated  by  M.  Debey  at  more  than  400.    Of 


Fig.  38S. — Cbetaoeous  Foraminifera. 

a,  Gaudryina  piqpoides  (D*Orb.) ;  b,  Globigerina  oretacea  (D'Orb.) ;  e,  Gristellaria 
rotulata  (D'Orb.)  (aU  magnified). 

these  70  or  80  are  cryptogams,  chiefly  ferns  (Oleichenia,  Lyffodium, 
Asplenivm,  &c.) ;  there  are  numerous  conifers  ?some  akin  to  oequoia), 
and  three  or  four  kinds  of  screw-pine  ( PandaniM).  The  prevalent  forms 
which  give  so  modern  an  aspect  to  this  flora  are  Proteaceae,  many  of 
them  being  referred  to  genera  still  living  in  Australia  or  at  the  Cape 
of  Good  Hope.  There  occur  also  species  of  oak,  bog-myrtle,  &c. 
These  interesting  fragments  serve  to  show  that  the  climate  of  Europe 
at  the  close  of  the  Cretaceous  period  was  doubtless  greatly  warmer 
than  that  which  now  prevails,  and  nourished  a  vegetation  like  that 
of  some  parts  of  Australia  or  the  Cape.  Further  information  has 
been  aflforded  regarding  the  extension  of  this  flora  by  the  discovery 
in  North  Greenland  of  a  remarkable  series  of  fossil  plants.  From 
certain  Lower  Cretaceous  beds  of  that  arctic  region,  Heer  has 
described  30  species  of  ferns,  9  cycads,  and  17  conifers ;  while  from 
the  Upper  Cretaceous  rocks  of  iNoursoak,  he  enumerates  species  of 
poplar,  fig,  sassafras,  credneria,  and  magnolia. 

In  North  America,  also,  abundant  remains  of  a  similar  vegetation 
have  been  obtained  from  the  Cretaceous  rocks  of  the  Western  Terri- 
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tones.  Upwards  of  100  species  of  dicotyledonous  angiosperms  ha^e 
been  obtained,  and  of  these  half  are  fonnd  to  be  related  to  still  living 
American  trees.  Among  them  are  species  of  oak,  willow,  beech, 
plane,  poplar,  maple,  hickory,  fig,  tnlip-tree,  sassafras,  sequoia,  together 
with  American  palms  (sabal)  and  cycads. 

The  known  Cretaceous  fauna  is  tolerably  extensive.  Forami- 
nifera  now  reached  an  importance  as  rock-builders  which  they  had 
never  before  attained.  Tneir  remains  are  abundant  in  the  white 
chalk  of  the  northern  European  basin,  and  some  of  the  hard  Inne- 
stones  of  the  southern  basin  are  mainly  composed  of  their  aggregated 
shells.  Some  of  the  more  frequent  genera  are  Olcbiffertna^  Orbi- 
tolina,  Nodosaria,  TextUana^  and  Rotdia  fPig.  388).  Sponges  also 
must  have  swarmed  on  the  floor  of  the  Cretaceous  seas,  for  their 
siliceous   spicules   are  very  abundant,  and   entire  individuals  are 

not  uncommon.^  Characteristic  genera 
ig.  389)  are  Ventriculites,  Siphonioj 
yphia^  and  Manon.  The  formation  of 
fliuts  has  been  referred  to  the  operation 
of  sponges.  Undoubtedly  these  animals 
secreted  an  enormous  quantity  of  silica 
from  the  water  of  the  Cretaceous  sea, 
and  though  the  flints  are  certainly  not 
due  merely  to  their  action,  these  amor- 
phous lumps  of  silica  may  have  been  ag- 
gregated by  a  process  of  chemical  elimi- 
nation round  aead  sponges  (see  pp.  469, 
488).  Even  molluscs  and  urchins  have 
been  completely  silicified  in  Uie  chalk. 
On  the  whole,  corals  are  not  abundant 
in  Cretaceous  deposits.  Some  of  the 
more  characteristic  forms  are  Trochocf- 
athus,  CyathinafTroehosmiliay^arcumilia, 
Micrahaciaj  and  Cydclites.  The  earliest 
true  madrepores  appear  in  AcHnads.  The  rugose  corals  so  abundant 
among  PalsBozoic  rocks  have  now  almost  entirely  disappeared,  being 
represented  only  by  the  little  Neocomian  Hotocydis.  Sea-urchins 
are  conspicuous  among  the  fossils  of  the  Cretaceous  system.  A  few 
of  their  genera  are  also  Jurassic,  while  a  not  inconsiderable  number 
still  live  in  the  present  ocean.  One  of  the  most  striking  results 
of  recent  deep-sea  dredging  is  the  discovery  of  so  many  new  genera 
of  echinoids  either  identical  with  or  very  nearly  resembling  those  of 
the  Cretaceous  period,  and  having  thus  an  unexpectedly  antique 
character.^  Some  of  the  most  abundant  and  typical  Cretaceous 
genera  are  Ananchytes,  Holastery  Toxaster,  Micraster,  Hemiastery  Hemp- 
pnemtes,  Pyyurus,  Echinobrissus  (Nucleolitea),  Echinoeonus  {ChIenU$\ 

'  See  on  SDonge  spicules  papers  by  Mr.  SoUas,  Ann.  Mag,  Nat  HitL  ser.  5^  tL,  and 
a  memoir  by  Dr.  H.  Gf.  J.  Hinde,  FosgU  Sponge  Spicules,  Municli,  1880. 

«  A.  Agassiz,  Report  on  Echinoidea,  Challenger  Expedition,  vol.  iii.  p.  25. 


Pig.  389.— Cretacbous  Spokqbs. 

a,  Siphonia  pyriformis  (Gkddf.) 
(i);  6,  Ventriculites  decurrens, 
▼ar.  tenuiplioatus  (Smith)  (i). 
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Biscoidea,  Cyphoaomay  Diadema,  Salenia^  Cidaris.  A  few  crinoids 
have  been  met  with  of  which  Bourgtieticrinua  and  MarmpUes  of 
the  upper  chalk  are  characteristic. 


Fig.  890.— Uffib  Gbbtaceoub  Echinidb. 

a,  Eohinoconus  oodioub  (Brey.)  (Galeritee  albo-galerus)  G)  >'  h,  Ananohytes  ovatus 
(Leake)  (});  o,  Mioraster  oor-anguinam  O^lein)  (}). 

Passing  to  the  mollnsca,  we  find  the  brachiopods  (Fig.  891)  abnn* 
dantly  represented  by  secies  of  TerdyratuUa  and  Bhynchonella,  which 
approach  in  form  to  still  living  species.     Other  contemporaneous 


FlO.  891.— CbRAOBOUB  BBAOmOFODB. 

Of  Teiebratala  camea  (Sow.)  rp ;  &,  Terebriioetra  lyia  (Sow.)  (§) ;  e,  Bhynchonella 
plicatUiB,  Tar.  octoplicata  (Sow.)  (j). 

genera  were  Crania,  Thecideumy  Magaa,  TerehraieUa^  Terehrirostray 
and  Terebratulina.  Among  the  most  abundant  genera  of  lamelli- 
branchs    are  (Fig.  392)    InoceramtiSf  Exogyra^  Ostrea^  Spondylus, 
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Litnay  PeeteniPema^  Modiola^  Lyriodon,  hoeardia,  Cardium^  Ve\ 
Inoeeramus  and  Exogyra  are  specially  characteristic,  but  f^Ol  n 
so  is  the  family  of  Eippwritidm  or  RudiMtes.  These  singnlar  bm 
are  entirely  confined  to  the  Cretaceous  system ;  their  most  commoi 
genera  (Fig.  393)  being  HippurHes,  Badiolites,  SphasrwUiieg,  Cbprni 
and  Caprotina,  Hence,  according  to  present  knowledge,  the  occiir- 
rence  of  hippurites  in  a  limestone  suffices  to  indicate  tne  Cretaceow 
age  of  the  rock.  The  most  common  gasteropods  belong  to  tbe 
genera  NcUica,  Nerinea,  TurriteUa^  Turbo,  Sciariwn,  Troehus^  Plernn- 


Fio.  392. — Cbbtaoeous  Lakkllibbanchb. 

a,  Exogyra  (Ostrea)  columba  (Lam.Xi) ;  h  Ostrea  TeeicnlariB  (Lam.)  (i) :  r,  OiW* 
oannata  (Lam.)  (^);  d,  Bpcndylus  (Lima)  gpinosus  (Desh.)  (]) ;  e,  iDoofna* 
Cuvieri  (Sow.)  (yoong  spec.)  (i). 

tomariay  Cerithiumy  BosUUaria,  AporrhaiSy  and  Fusus.  Cephalopodi 
must  have  swarmed  in  some  of  the  Cretaceous  seas  (Figs.  3^4,  393, 
396).  Their  remains  are  abundant  in  the  Anglo-Parisian  basin  and 
thence  eastwards,  but  are  comparatively  iufrequent  in  the  soothem 
Cretaceous  area.  To  the  geologist  they  have  a  yalue  similar  to  t]io90 
of  the  Jurassic  system,  as  distinct  species  are  believed  to  be  restricted 
in  their  range  to  particular  horizons  which  have  by  their  means  bees 
identitied  from  district  to  district.  To  the  student  of  the  history  <rf 
life  they  have  a  special  interest,  as  they  include  the  last  of  the  greil 
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Mesozoic  tribes  of  the  Ammonites  and  Belemnites.  These  organisms 
continue  abundant  up  to  the  top  of  the  Cretaceous  system  and  then 
disappear  from  the  ffeological  record.  Never  was  cephalopodous  life 
so  varied  as  in  the  Cretaceous  period  just  before  its  aecline.  Besides 
the  forms  that  survived  from  earlier  periods,  but  which  had  under- 
gone important  modifications,  new  types  now  appeared.  Of  these 
Crioceras  (Fig.  394)  was  an  Ammonite  with  the  coils  of  the  shell  not 
contiguous.  Scaphites  and  Ancyloceras  have  the  last  coil  straightened 
and  its  end  bent  into  a  crozier-like  shape  (Fig.  395).  Toxoceras^  as  its 
name  implies,  is  merely  bent  into  a  bow-like  form.  Hamites  is  a  long 
tapering  shell,  bent  round  hook-wise  upon  itselfl  In  Ptychoeeras  the 
long  tapering  shell  is  bent  once  and  the  two  pai-ts  are  mutually  ad- 
herent. Turrilites  is  a  spiially  coiled  shell,  and  Helieoeeras  resembles 
it,  but  has  the  coils  not  in  contact.  Bacuiites  is  the  simplest  of  all 
the  forms,  being  a  mere  straight-chambered  shell  somewhat  like  the 
ancient  Orthoeeras.    These  forms,  in  numerous  species,  are  almost 


a  h 

Fia  893. — Cbbtaoboub  Laxellibbanchs  (Hiffubitidb). 
a,  Hipporitee  organiflanB  (Desm.)  (nat  sue) ;  &,  Gaprotina  ammonia  (D^Orb.)  (}). 

entirely  confined  to  the  Cretaceous  system,  at  the  summit  of  which 
they  disappear.  Another  characteristically  Cretaceous  cephalopod 
is  BdemnUella  (Fig.  896),  which  occurs  only  in  the  higher  parts 
of  the  system. 

Vertebrate  remains  have  been  obtained  in  some  number  from  the 
Cretaceous  rocks.  Fish  are  represented  by  scattered  teeth,  scales, 
or  bones,  sometimes  by  more  entire  skeletons.    The  most  frequent 

Eciera  are  Otodus,  Lamna,  Oxyrhina^  Ptychodus^  Hyhodus,  Pycnodua, 
hsBTodus,  and  the  earliest  of  the  teleostean  tribes,  wliich  include 
3  vast  majority  of  modem  fishes — Enchodua^  Stratodus,  Beryx, 
SyUamua,  &c. 

Beptilian  life  has  not  been  so  abundantly  preserved  in  the 
Cretaceous  as  in  the  Jurassic  system,  nor  are  the  forms  so  varied. 
In  the  European  area  the  remains  of  Chelonians  of  several  genera 
{OMone^  Pratemvs^  PlcUemys)  have  been  recovered.  Deinosaurs  are 
represented  by  tne  huge  Iguanodon  of  the  Weald  (Fig.  397),  and  by 
the  Jurassic  Megalosaurua  and   Ceieosaurus,  which   still  survivedf. 
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Lizards  are  represented  by  Baphiosaurus^  Caniosaurus,  Doli€hosamru$, 
and  Leiodon.  The  gigantic  mosasaurus,  placed  among  Lacertilians 
by  Owen,  but  among  "pythonomorphs"  by  Cope,  is  estimated 
to  haye  had  a  length  of  75  feet,  and  was  furnished  with  fin-like 
paddles,  by  which  it  moved  through  the  water.  True  crocodiles 
frequented  the  rivers  of  the  period,  for  the  remains  .of  several  genera 
have  been  recognized  (Ooniopholts,  Pholidosaurus,  DiploMtirus).  The 


894. — Cretaceous  Cephalofods. 


a,  Tarrilites  oostatus  (Lam.)  (i);  h,  Criooeras  Emerioi  (L^y.)  (});  c,  Baonlites  aooeps 
(Lam.)  (}) ;  dy  AmmoniteB  (Acanthooeias)  rothomagensis  (Brong.)  (i) ;  e,  AmmooiteB 
yariana  (Sow.)  (§). 

ichthyosaurs  and  plesiosaurs  were  still  represented  in  the  Cretaceous 
seas  of  Europe.  The  pterosaurs  likewise  continued  to  be  inhabitants 
of  the  land,  for  the  bones  of  several  species  of  pterodactyle  have  been 
found.  These  remains  are  usually  met  with  in  scattered  bones,  only 
found  at  rare  intervals  and  wide  apart.  In  a  few  places,  however, 
reptilian  remains  have  been  disinterred  in  such  numbers  from  local 
'<^posits  as  to  show  how  much  more  knowledge  may  yet  be  acquired 
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from  the  fortunate  discovery  of  other  similar  accomulations.  Thus 
from  the  so-called  **  Cambridge  Greensand" — a  bed  about  1  foot 
thick  lying  at  the  base  of  the  Clialk  of  Cambridge,  and  largely 
worked  for  phosphate  of  lime  derived  from  coprolites  and  bones. 


Fio.  895.— Obbtaobous  Gsphalopodb. 

a»  Anoylooeras  matheronianus  (D'Orb.)  0;  b,  Hamites  attennatus  (Sow.)  (i); 

Of  Toxoceras  bitubercnlatiiB  (jyOrh.) ;  d,  Scaphites  aaqualifl  (Sow.)* 

there  have  been  exhumed  the  remains  of  several  chelonians,  the 
great  deinosaur  AcanthopJioliSf  several  species  of  PlenosauruSy  5  or 
6  species  of  lehthyosauruSf  10  species  of  Fterodaclylus  from  the  size 
of  a  pigeon  upwards — one  of  them  having  a  spread  of  wing  amount- 
ing to  25  feet — 3  species  of  Mosasaurus,  a  crocodih'an  {Polyfty- 
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ehodan)^  and  some  others.     From  the  same  limited  horixon  abo 
the  bones  of  at  least  two  species  of  birds  haye  been  obtained^ 

In  recent  years  the  most  astonishing  additions  to  our  knowledge 
of  ancient  reptilian  life  haye  been  made  from  the  Cretaceons  rocisB  of 
western  North  America,  chiefly  by  Professors  Leidy,  Marsh,  and 
Cope.^  According  to  a  recent  enumeration  made  by  Mr.  Cope,  bnt 
which  is  already  below  the  truth,  there  were  known  18  apedes 
of  deinosaurSy  4  pterosaurs,  14  crocodilians,  13  sauropterygians  or 
sea-saurians,  48  testudinates  (turtles,  &c.),  and  50  pythonomorphs 
or  sea-serpents.  One  of  the  most  extraordinary  of  reptilian  types 
was  the  Viseasaurus  or  Elaamosaurua — a  huge  snake-like  fomi  40  feet 
long,  with  slim  arrow-shaped  head  on  a  swan-like  neck  rising 
20  feet  out  of  the  water.    This  formidable  sea-monster  *^  probably 


FlO.  396.^CBKrAOBOI78  CEPHAL0F0D6. 

a,  Belemniiella  plena  (Blainy.)  (}) ;  h,  Beleamitella  mncrcmata  (Schloth.)  ((); 
e,  NaatUns  daniciu  (Schlotb.)  (i). 

often  swam  many  feet  below  the  surface,  raising  the  head  to  the 
distant  air  for  a  breath,  then  withdrawing  it  and  exploring  the 
depths  40  feet  below  without  altering  the  position  of  its  body. 
It  must  have  wandered  far  from  land,  and  that  many  kinds  of 
fishes  formed  its  food  is  shown  by  the  teeth  and  scales  found 
in  the  position  of  its  stomach"  (Cope).  The  real  rulers  of  the 
American  Cretaceous  waters  were  the  pythonomorphic  saurians  or 
sea-serpents,  in  which  group  Mr.  Cope  includes  forms  like  Masa- 
sauroBj  of  which  upwards  of  40  species  haye  been  discovered. 
Some  of  them  attained  a  length  of  75  feet  or  more.    They  possessed 

^  Leidy,  Smiihson,  Contrih.  1865,  No.  192;  i{ep.  U,  8.  Oed,  and  Geograpk.  Smrvey  of 
Territories,  vol  i.  (1873) ;  Codhp,  Rep,  U.  8.  €hoL  and  Oeograph,  Survey  of  TerrUorieij 
vol.  ii.  (1875);  Amer.  NalurcXut^  1878;  Marsh,  Amer,  Joum.  Science,  nniuerous  papers 
in  8rd  series,  vols,  i.-xxii. 
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a  remarkable  elongation  of  form,  particularly  in  the  tail ;  their  heads 
-were  large,  flat,  and  conic,  with  eyes  direr*ted  partly  upwards.    They 
swam  by  means  of  two  pairs  of  paddies,  like  the  flippers  of  the  whale, 
and  the  eel-like  strokes  of  their  flattened  tail.    Like  snakes  they 
had  four  rows  of  formidable  teeth  on  the  roof  of  the  mouth,  which 
served  as  weapons  for  seizing  their  prey.     But  the  most  remarkable 
feature  in  these  creatures  was  the  unique  arrangement  for  permitting 
them  to  swallow  their  prey  entire,  in  the  manner  of  snakes.    Each 
half  of  the  lower  jaw  was  articulated  at  a  point  nearly  midway 
between  the  ear  and  the  chin,  so  as  greatly  to  widen  the  space 
between  the  jaws,  and  the  throat  must,  consequently,  have  been 
loose  and  baggy  like  a  pelican's.    The  deinosaurs  were  likewise  well 
represented  on  the  shores  of  the  American 
waters.    Among  the  known  fonns  are  Hadro- 
aaurusy  a  creature  like  the  Iguanodotiy  and 
about  28  feet  long ;  Lselaps,  of  about  equal 
dimensions,  resembled  the  Megalomurus^  hav- 
ing massive  hind  feet  on  which  it  could  pro- 
baoly  erect  itself.    Still  more  gigantic  was 
the  allied  Omithotarsus,  which  is  supposed 
to  have  had  a  length  of  35  feet.    Pterosaurs 
have  likewise  been   obtained   characterized 
by  an  absence  of  teeth  (Pteranodonts),  and 
some  of  which  had  a  spread  of  wing  of  20 
to  25  feet.    Among  the  Chelonians  one  gi- 
gantic species  is  supposed  to  have  measured 
upwards  of  15  feet  between  the  tips  of  the 
flippers. 

The  remains  of  birds  have  been  met 
with  both  in  Europe  and  in  America  among 
Cretaceous  rocks.  From  the  Cambridge  Fio.  897. 
Greensand  bones  of  at  least  two  species,  re- 
ferred to  the  genus  Enaliomis,  have  been 
obtained.  These  creatures  are  regarded  by 
Professor  Seeley  as  having  osteological  cha- 
racters that  place  them  with  the  existing  natatorial  birds.^  But 
among  the  most  remarkable  fossil  avian  remains  yet  found  are  those 
of  the  Odont(ymith€S,  or  toothed  birds,  from  the  Cretaceous  beds  of 
Kansas.  Professor  Marsh,  who  has  described  these  interesting  and 
wonderfully  preserved  forms,  points  out  that  in  one  of  the  genera,^ 
named  by  him  HesperomiSf  the  jaws  were  furnished  with  teeth  im- 
planted in  a  common  alveolar  groove,  as  in  Ichthyosaurus;  the 
wings  were  rudimentary  or  aborted,  so  that  locomotion  must  have 
been  entirely  performed  by  the  powerful  hind  limbs,  with  the  aid  of 
a  broad,  flat,  oeaver-like  tail,  which  no  doubt  materially  helped  in 


b 


Cretaosous 
Deinobaub  (Iouanodom). 
a,  Caudal    yertebra,  front 
view  (J) ;  6,  Tooth,  upper 
jaw0. 


»  Q.  /.  0€ol,  8oc,  1876,  p.  496. 

'  **  Odontoruithes,^  being  vol.  i.  of  Memoirs  of  Pedbody  Museum  of  Yale  CoUege,  and 
alw  ToL  viL  of  Oeol.  Exphr.  40i^  ParoUeU 
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steerii^  the  creature  through  the  water.  Hesneromis  regaUs  (¥k> 
398),  the  type  species^  must  have  measured  about  6  feet  from  the 
point  of  the  bill  to  the  tip  of  the  tail.  The  other  genera»  IMf 
emu  (Fig.  399)  and  Apatomis,  were  distin^ished  by  some  trpeg 
of  structue  pointing  backward  to  a  very  lowly  ancestry,     iiej 


Fzo.  S98.— Cbbtaoboub  BiBD.' 
Heeperomis  regalis  (Manh)  ({^, 

appear  to  have  been  small,  tern-like  birds,  with  powerful  wings 
but  small  legs  and  feet  They  possessed  reptile-like  skulls,  wiu 
teeth  set  in  sockets,  but  their  yertebraB  were  bi-concave,  like  those 

'  For  thiB  restoration  and  Fig.  399,  I  am  indebted  to  the  kindness  of  my  ftiesd 
Professor  Marsh. 
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of  fishes.    Altogether  the  earliest  known  birds  present  oharacters 
of  strong  affinity  with  the  Deinosaurs  and  Pterodactyles. 

§  2.  Local  Development. 

The  Cretaceons  system  in  many  detached  areas  covers  a  large  extent 
o£  Europe.    From  the  south-west  of  England  it  spreads  across  the  north 


Fio.  399.— Gbetaoeous  Bibd. 
Ichtbyornis  victor  (Marsh)  (}). 


of  !France  up  to  the  base  of  the  ancient  central  plateau  of  that  country. 
Eastwards  it  ranges  beneath  the  Tertiary  and  post-Tertiary  deposits  of 
the  great  plain,  appearing  on  the  north  side  at  the  southern  end  of 
Scandinavia  and  in  Denmark,  on  the  south  side  in  Belgium  and  Hanover, 
lotind  the  flanks  of  the  Harz,  in  Bohemia  and  Poland,  eastwards  into 
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Bnssia,  where  it  covers  many  thousand  square  miles,  np  to  the  soixt^er: 
end  of  the  Ural  chain.  To  the  sonth  of  the  central  axis  in  Franoe.  ^ 
underlies  the  great  basin  of  the  Garonne,  flanks  the  chain  of  the  IVnowi^* 
cm  both  sides,  spreads  out  largely  over  the  eastern  side  of  the  Spaani 
table-land,  and  reappears  on  the  west  side  of  the  crystalline  axis  crif  t^it 
region  along  the  coast  of  Portogal.  It  is  seen  at  intervals  along  ihr 
north  and  south  fronts  of  the  Alps,  extending  down  the  valley  of  t^ 
Bbone  to  the  Mediterranean,  ranging  along  the  chain  of  the  Ap^oais^ 
into  Sicily  and  the  north  of  AMca,  and  widening  out  fix>m  the  easten 
shores  of  the  Adriatic  through  Greece,  and  along  the  northern  baee  of  xh- 
Balkans  to  the  Black  Sea,  round  the  southern  shores  of  which  it  raagr* 
in  its  progress  into  Asia,  where  it  again  covers  an  enormous  area. 

A  series  of  rocks  covering  so  vast  an  extent  of  surface  moat  need- 
present  many  differences  of  type,  alike  in  their  litholo$rical  Amx9cttz\ 
and  in  their  organic  contents.  They  bring  before  us  the  leoords  of  t 
time  when  a  continuous  sea  stretched  over  the  centre  and  most  of  tb: 
south  of  Europe,  covered  the  north  of  Africa,  and  swept  eastwards  to  thr 
hr  east  of  Aoa.  There  were  doubtless  many  islands  and  ridges  in  tki 
wide  expanse  of  water,  whereby  its  areas  of  deposit  and  biologioal  pci- 
vinces  must  have  been  more  or  lees  sharply  defined.  Some  of  theftr 
barriers  can  still  be  traced,  as  will  be  immediately  pointed  out. 

The  Cretaceous  system  of  Europe  has  been  subdivided  as  follows :  ^ 

'Danian. 

Senanian. 
Upper  .     •  *  Turoniao. 

CenofiHmian. 

^Gault. 
T^wA*  / Neooomian,  indoding  a  preyaleiit  marine  type,  and  alao  in  aooM 

^^^   '     *   \     parts  of  the  western  dirtricts  a  fliiTiatUe(Wealden)tjpe. 

While  there  is  sufficient  palsoontological  similarity  to  allow  a  geasral 
parallelism  to  be  drawn  among  the  Cretaceous  rocks  of  western  Europe, 
there  are  yet  strongly  marked  differences  pointing  to  very  distinct  oaa- 
ditions  of  life,  and  probably,  in  many  cases,  to  disconnected  areas  of 
deposit.  Having  regard  to  these  geographical  variations,  a  distinct 
northern  and  southern  province,  as  above  stated  (p.  802),  can  be  K«of- 
nized ;  but  GUmbel  has  proposed  a  farther  grouping  into  three  great 
regions : — (1)  the  northern  province,  or  area  of  white  chalk  with  Beitm- 
niUdla,  comprising  England,  northern  France,  Belgium,  Denmark,  West- 
phalia, ico. ;  (2)  the  Hercynian  province,  or  area  of  Exogyra  n4mwA^, 
embracing  Bohemia,  Moravia,  Saxony,  Silesia,  and  central  Bavaria ;  and 
(3)  the  southern  province,  or  area  of  hippurites,  induding  the  regkxis  of 
France  south  of  the  basin  of  the  Seine,  the  Alps,  and  southern  Europe.' 

Britain.^ — The  Purbeck  beds  bring  before  us  evidence  of  a  great 
change  in  the  geography  of  England  towards  the  close  of  the  Juraaic 
period.  They  show  how  the  floor  of  the  sea  in  whic^  the  thick  and 
varied  formations  of  that  period  were  deposited  came  to  be  gndoalJy 

I  Bee  notes  on  pn.  824,  825. 

*  Oeognott.  Beiehreib.  Ostbayer.  Orenxgehitg, 

*  Consnlt  Conybeare  and  Phillips,  Otology  of  England  and  WaU$,  1822:  Fttasa, 
Ann.  Philog.  2nd  ser.  viii.  879;  Tram.  Oeol.  Soe,  2nd  ser.  iy.  103;  Dixon's  Cmliji  V 
Suuex,  edit.  T.  Rupert  Jones,  1878 ;  Phillips's  Geology  of  Oxford  and  the  TkamnVUmi 
recent  papers  on  the  English  Cretaceous  fonnations  are  quoted  in  subsequent  f   '         ' 
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idlevated,  and  how  into  pools  of  fresh  and  brackish  water  the  leaves, 
xnseots,  and  small  marsupials  of  the  adjacent  land  were  washed  down. 
These  evidences  of  terrestrial  conditions  are  followed  in  the  same  re- 
^on  by  a  vast  delta-formation,  that  of  the  Weald,  which  accumulated 
over  the  south  of  England,  while  the  older  marine  parts  of  the  Cretaceous 
system  were  being  deposited  in  the  north.  Hence  two  types  of  sedimen- 
-tation  occur,  one  where  the  strata  are  fluviatile  or  estuanne  (Wealden), 
-fche  other  where  they  are  marine  TNeooomian).  Arranged  in  descending 
order  the  following  are  the  suDdiviaions  of  the  English  Cretaceous 
rooks: 

TABLE  OF  THE  BRITISH  OBETAOEOUS  SYSTEM. 


English  SirtUigraphieal  Subdivitions, 


PdUemUologMdl  Zones. 


Danian,  wantiDg. 


Uppkb  Cbbtaobous. 
Chalk  of  Norwich 

^      Margate 


BroadBtairs 
Dover 


Horizon  of  B,  muoroncUa 
alone. 
„         B,  mueronata 
t^nd  B.  quad- 
rata. 
„         nnmerona 
sponges. 
„         Inoceramus 
lingua   and 
few  sponges. 
Zone  of  Micnuter  eor-anguinum^  yar. 
n        M,  eoT'tettudinariwn, 


ZoneofBtf- 
UmniteUa 
muero' 
noio. 

Zone  of 
Manupi*  ^ 
tes  omo- 


fHard  Nodnlar  Chalk  of  Dover, 

&c.,"  Chalk  Bock** 
Chalk  without  flints,  Dover,  fto.  . 
Nodular  Chalk  of  Shakespeare's 

Cliff;  &0. 


Grey  Chalk  of  Folkestone,  &o. 
Tottemhoe  Stone 


Zone  of  Holatter  pkmui. 

M        TerebratuUna  graeUis, 
„        Inoceramus    labiatus   Cmyti' 
loides). 


Zone  of  Bdemnites  plenus. 


Chalk  Marl 


Chloritio    Marl    (Cambridge 
Oreensand)        .... 


Zone      of 
Holasier 
tubgkbo' 

9US. 


'  Horizon  of  Ammonites 

rhotomagensis, 
„        A,  varians, 
n       Ploeoscy^^ia 
mmananna. 


Warminster  bedi,  Ac 
Blaokdown  beds,  Ac. 


Zone  of  *'Craie   glauooniense "   of 
France. 


Fectenatper. 

Ammonites  infialus  (rottraUu). 


Upper 
Lower 


Ammonites  crisiatus^  A.  auritus^  A, 

lantus, 
Hamites  rotundus.    See  p.  819. 
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EngliA  8^raHgraph{<i(d  SubdhifUms.   \ 

LowEB  Cbbtacbous. 

SoMemT^pe. 

NoHhemType, 

(FliiYiatile,  and  in 

(Marina) 

upper  part  marine.) 

*d 

Bands,      clays. 

Upper  Neooo- 

Upper.  PemaM^aMeH'i^Ejoigfnmm' 

3  s 

limeet<me8,fto.. 

mian,    npper 

d 

ato,<f». 

h 

in  Kent,  Sur- 

150   feet    of 

rey,      Bnssex, 
Hampshire. 
Weald  Clay. 

SpeetonGlay, 
Yorkshire. 
Middle  Neoco- 

Middle.  Tkme&treeUmdmcha^Jbir 

o 

looertuhed^ 

150    feet    of 

o 

1 

Speeton  Clay, 

o 

and  "Tealby 

© 

"2 

beds.* 

^ 

^ 

Hastings  sands 

Lower  Neooo- 

and  clays,  pass- 

mian,     next 

emms. 

ing  down  into 

200    feet    of 

„         A.  norfetu. 

.  Porbeck  beds. 

Speeton  Clay. 

Lower  Cretacbdus  or  Neooom iak.^ — ^Between  the  top  of  the  Jvamt 
STStem  and  the  strata  known  as  the  Qanlt,  there  occurs  an  impora>2 
series  of  deposits  to  which,  from  their  great  development  in  ibe  m^ 
bourhood  of  Nenfchatel  (Neocomtim)  in  Switzerland,  the  naoM  c 
Neocomian  has  been  given.  This  series,  as  already  remarked,  is  np^ 
sented  in  England  by  two  distinct  types  of  strata.  In  tlie  sootfaa 
counties,  from  the  Isle  of  Purbeck  to  the  coast  of  Kent,  there  ocean  i 
vast  succession  of  estuarine  and  fluviatile  sands  and  days  termed  t^ 
Wealden  series.  These  strata  pass  up  into  a  minor  marine  group  kn^n 
as  the  Lower  Oreensand,  in  which  some  of  the  characteristio  mnOf  vV 
the  Upper  Neocomian  rocks  occur.  The  Wealden  beds  therefore  font  & 
fluviatue  equivalent  of  nearly  the  whole  of  the  continental  NeoooHUi> 
formations,  while  the  Lower  Greensand  represents  the  later  mMrdat^ 
deposits  of  the  Neocomian  sea,  which  gradually  usurped  the  place  a  tb 
Wealden  estuary.  The  second  type,  seen  in  the  tract  of  country  ext*^ 
ing  from  Lincolnshire  into  Yorkshire,  contains  the  deposits  of  dMf' 
water  forming  the  westward  extension  of  an  important  series  of  marutf 
formations  which  stretch  for  a  long  way  into  centod  Europe. 

Neocomian. — The  marine  Neocomian  strata  of  En^and  are  ^ 
exposed  on  the  clifb  of  the  Yorkshire  coast  at  Filey,  where  they  oocvr  0 
a  deposit  long  known  as  the  '*  Speeton  Clay.**  This  deposit  bsB  ^^ 
diown  by  Mr.  Judd  to  belong  partly  to  the  Jurassic  and  pa^y  to  ^ 
Neocomian  series.  The  Neocomian  nortion  is  divided  by  mm  into  tt^ 
formations,  as  follows: — 1.  Lower  Neocomian(200  feet  or  more\ de- 
taining in  ascending  order  the  zones  of  (a)  Ammomtei  otHeriamiu,  (o)^ 
fimctw,  (c)  Am.  tpeeUmensts.  Amone  its  fossils  are  ToxoMter  cowplM^ 
Ancyloceras  puzonanum,  A.  Dtiro/tt,  A.  Emeridi,  2.  Middle  Keooomi*" 
(150  feet),  composed  of  (a)  Ancyloceras  beds,  (b)  Zone  of  PecUn  cM^ 

^  ConfluU  on  marine  type  Jndd,  Q.  /.  QtoL  8oe,  xxiz.  218;  xxtL  826;  xxTil^= 
GeoL  Mag.  vii.  220;  Gtoiogif  of  BuOand,  in  Mem,  Choi  Surv,  ;  Merer.  Q,J,0«l^ 
xxTiiL243;  xxix.  70. 
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^and  (e)  Dark  days  with  few  fossils.     3.  Upper  Neoooiaian  (150  feet 
""or  more),  consisting  of  (a)  Cement  beds  witk  numerous  fossils  {Pema 
•  MuUetii^  Exogyra  sinwUa^  ico.) ;  (b)  Dark  blue  clays  with  Belemnitea 
^aemicanalicuUUuSy  &o.    (c)  Black  clay  with  Belemnites;  the  top  of  the 
series  not  being  seen.    All  these  strata  are  covered  unconformably  by 
the  Upper  Cretaceous  groups  which  successively  repose  directly  upon 
all  the  horizons  down  to  the  Lower  Lias.    Owing  partly  to  this  circum- 
Btance  and  partly  to  the  thick  covering  of  superficial  deposits,  no  satis- 
factory sections  are  seen  inland.    In  Lincolnshire,  however,  a  portion  of 
the  Neocomian  series  comes  to  the  surface  from  beneath  the  chalk,  con- 
sisting of  sands,  sandstones,  clays,  and  oolitic  limestones,  which,  ti'aced 
southwards  by  Tcalby,  pass  into  a  group  of  calcareous  beds  (Tealby  series). 
These  strata  contain  Middle  Neocomian  fossils.    Still  further  south  they 
become  white  or  brown  nearly  unfossiliferous  sands  and  sandstones. 

Weal  den. — Li  the  southern  counties  a  very  distinct  assemblage  of 
btrata  is  met  with.^  It  consists  of  a  vast  series  of  fluviatile  or  estuarine 
deposits  termed  the  Wealden,  from  the  Weald  of  Sussex  and  Kent  where 
it  is  best  developed,  surmounted  by  a  group  of  marine  beds  ('*  Lower 
Greensand  "),  in  which  Upper  Neocomian  fossils  occur.  It  would  appear 
that  the  fresh-water  conditions  of  deposit  which  began  in  the  south  of 
^England  towards  the  close  of  the  Jurassic  period,  when  the  Purbeck  beds 
i^ere  laid  down,  continued  during  the  whole  of  the  long  interval  marked 
by  the  Lower  and  Middle  Neocomian  formations,  and  only  in  Upper 
Keocomian  times  finally  merged  into  ordinary  marine  sedimentation. 
The  Wealden  series  has  a  thickness  of  1800  feet,  and  consists  of  the 
following  subdivisions  in  descending  order : 

Weald  Cby 1000  feet 

Uafttings  Sand  group  oompoeed  of 

3.  Tunbridge  WeUs  Sand 140  lo  380   „ 

2.  Wadhuret  Clay 120  „  180   „ 

1.  Aahdown  Sand 400  or  500   „ 

These  strata  precisely  resemble  the  deposits  of  a  modem  delta. 
That  such  was  really  their  origin  is  borne  out  by  their  organic  re- 
mains, which  include  terrestrial  plants  {Equtsetutn,  Sphefumterts,  Aletho- 
pteris,  Thufftes,  cycads,  and  conifers),  fresh-water  shells  (Unto,  10 
8X)ecies ;  Cyrenay  5  species ;  Cyclas,  Pcuudtna,  Melania,  Sco.),  with  a  few 
estuarine  or  marine  forms  as  Ostrea  and  Mytilua,  and  ganoid  fishes 
(^Lepidotus)  like  the  gar  of  American  rivers.  Among  the  spoils  of  the 
land  floated  down  by  the  Wealden  rirer  were  the  carcases  of  huge 
deinosaurian  reptiles  (Iguanodon,  HyUeosaurtts,  Megalosaurus,  Vectisaurus, 
Hypniophodon),  long-necked  plesiosaurs,  and  winged  pterodactyles.  The 
deltoid  formation  in  which  these  remains  occur  extends  in  an  east  and 
west  direction  for  at  least  200  miles,  and  from  north  to  south  for  at 
least  100.  Hence  the  delta  must  have  been  not  less  than  20,000  square 
miles  in  area.  It  has  been  compared  with  that  of  the  Quorra ;  in  reality, 
however,  its  extent  must  have  been  greater  than  its  present  visible  area, 
for  it  has  suffered  from  denudation,  and  is  to  a  large  extent  concealed 
under  more  recent  foimations.  The  river  probably  descended  from  the 
north-west,  draining  a  vast  area,  of  which  the  existing  mountain  groups 

'  On  the  wealden  or  flnviatile  type  oonsnlt,  besides  the  works  qnoted  on  p.  814, 
Hantell*!  Fo$iiUof  the  South  Downs,  4to,  1822;  Topley,  Otdoffy  of  the  Weald,  in  Mem. 
6eo(.iSifro.  8yo,  1875. 
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of  Britain  are  perhaps  merely  fragments.  The  Wealden  beds  are  sao 
oeeded  conformably  by  the  group  of  arenaceoos  strata  which  haTe  long 
been  known  tinder  the  awtwrard  name  of  "  Lower  Greensand."  They 
consist  mainly  of  yellow,  grey,  white,  and  green  sands,  but  include  aL)o 
beds  of  clay  and  bands  of  limestone  and  ironstone.  They  haye  been  6nb> 
divided  in  descending  order  as  under : 

Folkestone  beds  . 70  to  100  feot 

Sftndgate  beds 75  „  100    « 

Hythe  beds 80„300„ 

Atherfield  Clay  resting  on  Wealden 20  „    60    ,. 

These  strata  represent  the  Upper  Neocomian  series  of  the  Continent. 
Among  their  fossils  the  following  may  be  mentioned:  Toxasier  com- 
plancUuSy  Shynchonella  gihbsiana,  Terehratula  sella,  Exogyra  sinuaia,  Gtr- 
villia  anceps,  Ostrea  frons  (carinatd),  Pectei^quinquecostatus,  Pema  MmUeiH, 
Area  Baultni,  Panopeea  pUcata,  Trtgonta  ahefarmis,  Ammonites  Deskofesii, 
Ancyloceras  gigas,  Nautilus  radiatus.  Of  the  total  number  of  fossils  from 
the  "  Lower  Greensand  "  or  Upper  Neocomian,  about  300  in  number,  only 
18  or  20  per  cent,  pass  up  into  the  Upper  Cretaceous.  This  marked  paW  n- 
tological  break,  taken  in  connection  with  an  unconformability  between 
the  '*  Lower  Greensand  "  and  Gault  in  the  southern  counties,  and  be- 
tween the  top  of  the  Speeton  clay  and  the  overlying  Hunstantcn  lime- 
stone in  the  north,  shows  that  a  definite  boimdary-line  can  be  drawn 
between  the  lower  and  upper  parts  of  the  Cretaceous  system  in  £n^land. 

Upper  Cretaceous. — Three  leading  lithological  groups  have  long  been 
recognized  as  constituting  the  Upper  Cretaceous  series  of  England.  First, 
a  band  of  clay  termed  the  Gault ;  second,  a  variable  and  inconstant 
group  of  sands  and  sandstones  called  the  "  Upper  Greensand  ;**  and  third, 
a  massive  calcareous  formation  chiefly  composed  of  white  chalk.  Bvt 
the  forei^  nomenclature,  founded  mamly  on  palsdontological  considera- 
tions, and  given  in  the  foregoing  table  (p.  815),  may  now  be  adoptc-d, 
as  it  brings  the  English  Upper  Cretaceous  groups  into  recognizable 
parallelism  with  their  continental  equivalents. 

Gault. — A  dark  stiff  blue,  sometimes  sandy  or  calcareous,  clay  with 
layers  of  pyritous  and  phosphatic  nodules  and  occasional  seams  of  cneB 
sand.  It  varies  from  100  to  more  than  200  feet  in  thickness,  forminfc  a 
marked  line  of  boundary  between  the  upper  and  lower  Cretaceous  rocks, 
overlapoing  the  latter  and  resting  sometimes  even  on  the  Einunfiridge 
clay.  One  of  the  best  sections  is  that  of  Copt  Point  on  the  ooast  near 
FoUcestone,  where  the  following  subdivisions  have  been  established  by 
Messrs.  Do  Banco  and  Price  :^ 


Upper  Greensand. 

11.  Pale  grey  marl  clay  (56ft  Sin.),  oharaoterized  by  Amm«mite$  i 

{i^ftatwy,  A,  ChodhaUi,  OttreafroMy  Inooeramus  Critpiu 
10.  Hard  pale   marly  day  (5ft.   lin.),  with  Kiupena  /tina,  Bott^Oan^ 
maximcL,  PliccUula  pectinoidfs,  Pecten  rauHntatiMM,  Peniacrin%»  Fiu 
toni^  Cidaris  gauUiaa. 
9.  Pale  grey  marly  clay  (Oft.  4}in.),  with  Inoeeram%u  $nlttUm»^  Awmtemam 
varioostu,   Pholadomya  fabrina,   Pleurotamaria    GtUm,    6o^Aitr0 
Kqualii, 
8.  Darker  clay  with  two  lines  of  nodnles  and  rolled  fonila  .9) in.!  wit^ 
Ammoniiet   cri$lalu$,    A,    Beudanti^   Phottu  tancUC'Crucis,   Mftalmm 
Gallienneif  CucttUxa  glabra,  Cyprina  quadrata. 


P 


C.  E.  Do  Ranoe,  OeoU  Mag.  v.  p.  163 ;  F.  G.  H.  Price,  Q,  J.  Otoi.  Soe.  xxx.  pc  &U. 
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7.  Dark  olay  (6ft.  2iD.)  highly  fosjilifecouB,  with  Ammonites  aurUus, 
Nuoula  hivirgcUa,  N.  omali$»ima^  Aporrlutis  Parfdnsoni,  Fu$u8  inde^ 
cisu$^  PteroeeroB  licarinaium. 

6.  Dark  mottled  olay  (lft.)f  AmmotiUea  denariw.  A,  comutuSf  Turrilites 
httaardianWj  Neerocarcinm  Bechei, 

5.  DarK  spotted  clay  (1ft  6in.),  Ammoniies  latUuiy  Astarte  dupiniana, 
Solarium  monUi/erum,  PhasianeUa  ervyna^  numerouB  corals. 

4.  Paler  olay  (4in.),  Ammonites  Delaruei,  Natica  obliqua,  Dentalium 
decusstUum,  Fuius  gauUinus. 

3.  Light  fawn-coloured  clay,  "crab-bed"  (4ft.  Gin.),  with  rumerous  cara- 
paces of  crastaceans  (Palxocori/stes  Stokesii,  P.  Brodcripit),  Pinna 
tetragondj  Hamites  attenuaius, 

2.  Dark  clay  marked  by  the  ricli  colour  of  its  fossils  (4ft.  310.),  Ammonites 
anriius,  Turrilites  elegans^  Ancyloceras  spinigerum,  Aporrhais  calca- 
rata,  Fusus  itierianus,  Cerithium  irimonile.  Corbula  gatdtina,  PoUi- 
cipes  rigidus, 

1.  Dark  olay,  dark  greensand,  and  pyritous  nodules  (10ft.  lin.),  Ammo- 
nites interrupUts,  Criooeras  asUerianum,  Hamites  rotundus. 
Lower  Greensand. 

Mr.  Price  remarks  that  out  of  240  species  of  fossils  collected  by  him 
from  the  Oault  only  39  are  common  to  the  lower  and  upper  divisions, 
while  124  never  pass  up  from  the  lower,  and  59  appear  only  in  the  npper. 
The  lower  Oault  seems  to  have  been  deposited  in  a  sea  specially  fEivour- 
able  to  the  spread  of  gasteropods,  of  which  46  species  occur  in  that  divi- 
sion of  the  formation.  Of  these  only  six  appear  to  have  survived  into 
the  period  of  the  upper  Crault,  where  they  are  associated  with  five  new 
forms.  Of  the  lamellibranch  fauna,  numbering  in  all  73  species,  39  are 
oonfined  to  the  lower  division,  four  are  peculiar  to  the  passage-bed 
(No.  8),  14  pass  up  into  the  upper  division,  where  they  are  accompanied 
by  16  new  forms.^  About  46  per  cent,  of  the  Gault  fauna  pass  up  into 
the  upper  Greensand. 

Cenomanian.^ — Under  the  name  of  Upper  Cheenaand  have  been 
comprised  sandy  strata,  often  greenish  in  colour,  which  are  now  known 
to  belong  to  diflferent  horizons  of  the  Cretaceous  series.  If  the  term  is  to 
be  retained  at  all,  its  use  must  be  accompanied  with  some  palaeonto- 
logical  indioation  of  the  true  position  of  the  beds  to  which  it  is  applied. 
According  to  the  recent  researches  of  Dr.  C.  Barrels  the  English  green- 
sand, as  originally  defined  by  Berger,  Inglefield,  Webster,  Fitton,  and 
others,  has  no  such  distinct  assemblage  of  fossils  as  might  have  been 
supposed  from  its  lithological  characters,  but  appears  to  be  everywhere 
divisible  into  two  groups,  a  lower  containing  Ammonites  rostraius  (inflatui)^ 

»  Q.  J.  Geol.  Soe.  xxx.  p.  350. 

'  Within  the  last  few  years  the  old  litholcgioal  subdivisions  of  the  English  Upper 
Cretaceous  beds  have  been  found  to  be  wanting  in  palsdontological  precision,  and  are 
ffradaeJly  being  supplanted  by  the  terms  already  proposed  by  D'Orbigny,  which  have 
Jong  been  in  use  in  France.  These  terms  are  here  employed,  but  their  equivalents  in 
the  old  nomenclature  will  be  understood  from  the  table  on  p.  815.  To  M.  U^ert 
geology  is  mainly  indebted  for  the  thorough  detailed  stud^  and  classification  to  which 
the  upper  Cretaceous  formations  of  the  Anglo-Parisian  basm  have  been  subiected.  In 
1874  ne  pubUshed  a  short  memoir  in  which  the  chalk  in  Kent  was  subdivided  into  zones 
equivalent  to  those  in  the  Paris  basin  {BuU,  Soe,  OSoL  France,  1874,  p.  416).    Subse- 

3uenUy  ^e  same  task  was  taken  up  and  extended  over  the  rest  of  the  Ehiglish  Cretaceous 
istricts,  by  Dr.  Charles  Barrels  (*•  Recherches  sur  le  Terrain  Cr^taoe'  Sup^rieur  do 
TAngleterre  et  de  I'lrlande."  Lille,  1876).  The  first  English  geologist  who  appears  to 
have  attempted  the  paheontological  subdivision  of  the  chalk  was  Mr.  Caleb  Williams 
(Lewes,  8vo,  1870.  For  the  Geologists  Association),  See  also  W.  Whitaker,  "Geology 
of  the  London  Basin,*'  Cfeol.  Swrvey  Memoirs,  vol.  iv.,  and  authors  there  cited.  A 
tolerably  full  bibliogmphy  will  be  found  in  Dr.  Barrois'  volume. 
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and  an  upper  marked  by  Peden  <^^^fr.  Theee  strata  are  wdl  developed 
in  Devonshire  and  Somerset.  There  the  ''Blackdown  beds**  b^ov, 
linked  with  the  Gault,  contain  a  numerous  fanna,  including 
GoodhaUi^  Hamiies  aliemaUUy  Cytherea  parva^  Venus  gvbmermi^  Area 
Trigcnia  almfarmis,  Fecten  laminomu^  Jamra  qfunqukecosiaia,  J. 
J.  9dqmeo9taU^  Osirea  (Exogjfra)  ccmeci^  Vermieularia  pdygimalU  ;  wkile  th* 
*'  Warminster  beds  "  above  correspond  to  the  ^  zone  of  HoUuUr  modmJmm  ' 
of  M.  Hebert,  and  the  '*  zone  of  Peeieu  a$per  **  of  Dr.  Barrois,  and  oam- 
tain  Ammonites  varians,  A.  ManteUi^  A.  Coupei^  Behmmites  mUiwrnms^  J^eein 
asper^  Ostrea  frans  (earituUa),  Terebratella  pediia^  Terebraimla  htp~ 
T.  sguamosay  Bht/nchoneUa  compressa,  B.  latisnma,  Psewdodiadema  JRc 
Peltasies  daihraius,  Discaidea  suimcuta,  &a,  A  tolerably  abnndjuit 
of  corals  has  been  obtained  from  the  Devonshire  Upper  Oreenaand,  &> 
fewer  than  21  species  having  been  described.^ 

The  so-called  Oreensand  of  Cambridge  (p.  809),  a  thin  gLanooiuti- 
marl,  with  phosphatio  nodules  and  numerous  (possibly  ioe-bome)  erratia, 
was  formerly  classed  with  the  Upper  Oreensand,  but  has  recently  ben 
shown  to  be  ^e  equivalent  of  the  Chloritio  marl,  forming  reaUy  tlie 
base  of  the  Chalk  marl  and  lying  unoonformably  upon  the  Gmnlt,  hvm 
the  denudation  of  which  its  rolled  fossils  have  been  derived.*  Further 
north,  at  Hunstanton,  in  Norfolk,  the  same  horizon  may  be  repreaentBd 
by  the  *'Bed  chalk" — a  ferruginous,  hard,  nodular  chalk  seme  (four 
feet)  at  the  base  of  the  chalk  and  resting  on  the  Upper  NeocoBUtt 
*'  Car-stone,"  the  Oault  being  absent. 

Chloritic  Marl, — This  name  has  been  applied  to  a  local  white  or  light 
yellow  chalky  marl  lying  below  the  true  Chalk,  and  marked  by  the 
occurrence  of  grains  of  glauconito  (not  chlorite)  and  phosphatio  nodnki. 
It  varies  up  to  15  feet  in  thickness.  Among  its  fossils  are  Ammtmuim 
laticlavim,  A  Couj^,  A.  ManteUi,  A.  varians,  Nauithta  hevigatus^  TmrrQiia 
tuberadatuSf  Solarium  omalumy  PUcatula  inflata^  Terebraiula  hiplicaim.  It 
forms  the  base  of  the  "  HoUuter  iubghboaus  group,"  or  assise. 

Clialk  Marl  is  the  name  m^ven  to  an  argillaceous  chalk  forming  with  tlw 
chloritic  marl,  where  the  latter  is  present,  the  base  of  the  true  Chalk 
formation.  This  subdivision  is  well  exposed  on  the  Folkestone  cli&« 
also  westward  in  the  Isle  of  Wight,  where  a  thickness  of  npwai^da  of 
100  feet  has  been  assigned  to  it.  Among  its  characteristic  fossikan 
Plocoscyphia  mseandrina^  HoUuter  Utvis  (var.  noduhmu)^  Bikynekamdk 
Martini,  Inoceramus  striatus,  Lima  globosa,  Plicaiula  inflaia^  jlwwomhi 
cenomanensis.  A,  falcaius,  A.  Mantelli,  A.  navicularisy  A,  tartans^  SeapiHet 
sequalis,  Turrtlites  coslatut. 

Grey  Chalk. — The  lower  part  of  the  Chalk  has  generally  a  somewhat 
greyish  tint,  often  mottled  and  striped.  The  subdivision  compdaiB^ 
the  palasontological  zones  of  Holaster  subglobosus  and  BelewmiUs  pitmm 
attains  its  fullest  development  along  the  shore-cliffs  of  Kent,  where  it 
attains  a  thickness  of  about  200  feet.  According  to  Mr.  F.  O,  H.  Price,* 
it  is  there  divisible  into  five  beds.  Of  these  the  lowest,  eight  feet  thick 
(  =  lower  part  of  the  Ammonites  varians  zone),  contains  among  other  ibs- 
sils  Discoidea  subueula,  Pecten  Beaveri,  Ammonites  tarians  ;  the  seoond  M 
(11  feet)  contains  many  fossils,  including  Ammoniies  rhotoinagensis^  A.  Msm- 

1  P.  Martin  Duncan,  Q.  /.  Gtcl  8oc  xxxt.  p.  90. 

*  Jukee-Browne,  Q.  J.  GeoL  Soe.  xxzi.  p.  272,  zxxiii.  p.  485 : "  Geology  of  Oynbriikr,' 
Mm,.  Qeol  Surv.  1881.  •  Q.  J.  OtoL  Soe.  Jdk  p.  431 
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ielliy  A.  lewesiemis  ( =  part  of  A,  varians  zone) ;  the  third  bed  (2  feet, 
9  inches),  also  abundantly  fossiliferous,  contains  among  other  forms 
I^eltaiiea  dathralusy  HenUoiier  M&rrisii^  Terebraiula  rigida,  Bhynchonella 
manteUiana^  Ammonites  rhotomagenst8,  A.  varians  ;  this  and  the  two  under- 
lying beds  are  regarded  as  comprising  the  zone  of  Ammonites  rhotomagensts 
and  A.  varians  ;  the  fourth  bed,  or  zone  of  Holaster  subglohosus  (148  feet), 
oontains  among  its  most  characteristic  fossils  Discoidea  cylindrical  HoUuier 
subglcbosuSf  Chniaster  mosaicus,  and  in  its  upper  part  Belemnites  plenus  ;  the 
fifth  bed,  or  zone  of  Belemnites  plenus,  consisting  of  yellowish  white 
gritty  chalk  (4  feet),  forms  a  well-defined  band  between  the  Grey  Chalk 
and  the  overlying  lower  subdivision  of  the  White  Chalk  (Turonian) ;  it 
contains  few  fossils,  among  which  are  Belemnites  jp^tw,  Hippurites 
(^Badiolites)  Mortoni,  Ptychodus. 

Becent  researches  by  the  Geological  Survey  in  Cambridgeshire  have 
shown  that  in  that  region  the  Chalk  Marl  is  covered  by  a  band  of  harder 
stone  (Tottemhoe  Stone\  passing  up  into  sandy  and  then  nearly  puie 
white  chalk,  and  that  these  strata,  equivalents  of  the  Chalk  Marl  and 
Grey  Chalk,  are  probably  separated  by  a  palsdontological  and  strati- 
graphical  break  from  the  next  overlying  (Turonian)  member  of  the 
series.^  According  to  the  original  classification  of  M.  Hubert,  this  zone 
of  Belemnites  plenus  is  placed  at  the  base  of  the  Turonian  group ;  by 
Dr.  Barrois  it  is  made  tne  summit  of  the  Cenomanian.  The  latter  view 
receives  support  from  the  evidence  of  a  break  and  considerable  denu- 
dation above  this  zone  in  England. 

Turonian  {Lower  White  Chalk  without  flints).— The  White  Chalk  of 
England  and  north-west  France  forms  one  of  the  most  conspicuous 
members  of  the  great  Mesozoic  suite  of  deposits.  It  can  be  traced  from 
Flamborough  Head  in  Yorkshire  across  the  south-eastern  counties  to 
the  coast  of  Dorset.  Throughout  this  long  course  its  western  edge 
usually  rises  somewhat  abruptly  from  the  plains  as  a  long  winding 
escarpment,  wliich  from  a  distance  often  reminds  one  of  an  old  coast-line. 
The  upper  half  of  the  deposit  is  generally  distinguished  by  the  presence 
of  many  nodular  layers  of  flint.  With  the  exception  of  these  enclosures, 
however,  the  whole  formation  is  a  remarkably  pure  white  pulverulent 
dull  limestone,  meagre  to  the  touch,  and  soiling  the  fingers.  Composed 
mainly  of  crumbled  foraminifera,  urchins,  molluscs,  <&c.,  it  must  have 
been  accumulated  in  a  sea  tolerably  free  from  sediment,  like  some  of  the 
foraminiferal  ooze  of  the  existing  sea-bed.  There  is,  however,  no  evi- 
dence that  the  depth  of  the  water  at  all  approached  that  of  the  abysses 
in  whidti  the  present  Atlantic  globigenna-ooze  is  being  laid  down. 
Indeed,  the  character  of  the  foraminifera,  and  the  variety  and  associa- 
tion of  the  other  organic  remains,  are  not  like  those  which  have  been 
found  to  exist  now  on  the  deep  floor  of  the  Atlantic,  but  present  rather 
the  characters  of  a  shallow-water  fauna.  Moreover,  the  researches  of 
M.  H6bert  have  shown  that  the  chalk  is  not  simply  one  continuous  and 
homogeneous  deposit,  but  contains  evidence  of  considerable  oscillations, 
and  even  of  occasional  emersion  and  denudation  of  the  sea-floor  on  which 
it  was  laid  down.  The  same  observer  believes  that  enormous  gaps 
occur  in  the  upper  Cretaceous  series  of  the  Anglo-Parisian  basin,  some 
of  which  are  to  be  supplied  from  the  centre  and  south  of  France 
{postea,  p.  826). 

>  A.  J.  Juk(  s-Browne,  OeoJ.  Mag.  1880,  p.  250. 
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Following  the  modem  classification,  we  find  that  the  old  subdivisdoo 
of  '* Chalk  without  flints"  agrees  on  the  whole  with  the  Tnxontaa 
section  of  the  system.  This  division,  as  above  remarked,  appears  is 
some  places  to  lie  nnoonformablj  npon  the  members  below  it,  from  whi^ 
it  is  farther  separated  by  a  marked  zoological  break.  Nearlj  all  the 
Cenomanian  species  now^disappear  save  two  or  three  cosmopolitan  fonns. 
The  echinodertns  and  brachiopods  are  entirely  replaced  by  new  species.^ 
Not  onlv  is  the  base  of  the  Toronian  group  defined  by  a  strati^raphical 
hiatus,  but  its  summit  is  marked  by  the  Nodular  Chalk  of  Dover  and 
the  hard  Chalk-rock,  which  appear  to  indicate  another  strati^^raphical 
break  in  what  was  formerly  believed  to  be  an  uninterrupted  deposit 
of  chalk.  The  three  Turonian  palsBontological  zones,  so  well  estahlifibfd 
in  France,  are  also  traceable  in  Eneland.  As  exposed  in  the  splendid 
Kent  cliffs,  the  base  of  the  English  beds  is  formed  by  a  well-marked 
band  (32  feet)  of  hard  gritty  chalk,  made  up  of  fragments  of  InocGnsm 
and  other  organisms.  Fossils  are  here  scarce ;  they  include  Inoceramnu 
labiatus  (which  begins  here),  Bhynchonella  Cuviert^  Echinocanua  subroiundmi, 
Cardtasier  pygmseua.  Above  this  basement  bed  lies  the  massive  <^ialk 
without  flints,  full  of  fragments  of  Inoceramus  lahiatuSj  with  L  Cmrieri^ 
Terehrahda  semiglchasa,  Terehratulina  gradlis,  EcMnocanuB  subratun^kt^  Sn:. 
The  lower  70  feet  or  so  include  the  zone  of  Inoceramus  lahicUus^  the  next  90 
or  100  feet  that  of  Terehrattdina  gracilis^  and  the  upper  50  or  60  feet,  ocm- 
taining  layers  of  black  flints,  that  of  HolaMer  planm.  At  the  top  comef 
the  remarkably  constant  band  of  hard  cream-coloured  limestone  known 
as  the  **  Chalk-rock,"  varying  from  a  few  inches  to  10  feet  in  thidcnesa. 
Its  upper  surface  is  generally  well  defined,  sometimes  even  suggestive  of 
having  been  eroded,  but  it  shades  down  into  the  Idwer  chalk.* 

Senonian  (Upper  Chalk  with  flints). — ^This  massive  formation  is 
composed  of  white  pulverulent  and  usually  tolerably  pure  chalk,  with 
scattered  flints,  which,  being  arranged  in  the  lines  of  deposit,  serve  to 
indicate  the  otherwise  indistinct  stratification  of  the  mass.  It  has 
been  generally  regarded  bv  English  geologists  as  a  single  formation, 
with  great  uniformity  of  lithological  characters  and  fossil  contents.  Mr. 
Whitaker,  however,  has  shown  tnat  distinct  lithological  platforms  occur 
in  it,  and  more  recent  researches,  especially  by  MM.  Hubert  and  Barrens, 
have  brought  to  light  the  same  zones  that  occur  in  the  Paris  basin.  Of 
these  the  lowest,  or  that  of  the  Miorasters  (Broadstairs  and  St.  Mar- 
garet's chalk),  is  most  widely  spread,  the  others  having  suffered  most 
from  denudation.  It  is  well  exposed  along  the  cliffs  of  Kent  at  Dover, 
and  also  in  the  Isle  of  Thanet.  At  Margate  its  thickness  has  been 
ascertained  by  boring  to  be  265  feet.  It  contains  two  zones,  in  ihe 
lower  of  which  the  characteristic  urchin  is  Micraster  cor4e^htdinariuai, 
while  in  the  upper  it  is  M»  cor-anguinum.  Near  the  top  of  the  Micnster 
group  of  beds  in  the  Isle  of  Thanet,  lies  a  remarkable  seam  of  flint  about 
three  or  four  inches  thick,  forming  a  nearly  continuous  floor,  which 
has  been  traced  southwards  at  the  top  of  the  cliffs  between  Deal  and 
Dover.  Again,  on  the  coast  of  Sussex,  the  same  horizon  in  the  ohiJk  is 
defined  by  a  corresponding  band  of  massive  flattened  flints.  The  traces  of 
emersion  and  erosion  observed  by  M.  Hubert  in  the  IViris  chalk  toe 

*  Jukes-Browne,  Oeol,  Mag.  1880,  p.  250. 

«  Whitaker,  Mem,  Owl  8urv.  iv.  p.  46.    Jukes-Browne,  Ged.  Mag.  1880,  p.  25i    A 
similar  band  occurs  In  Kormandyf 
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regarded  by  Dr.  Barrois  as  equally  distinct  on  the  English  side  of  the 
Channel  in  the  form  of  surfaces  of  hardened  and  corroded  chalk.  One 
of  these  surfaces  marks  the  upper  limit  of  the  Micraster  group  on  the 
Sussex  coast,  where  it  consists  of  a  band  of  yellowish  hardened  and 
€X)rroded  chalk  about  six  inches  thick,  containing  rolled  green-coated 
nodules  of  chalk.^  A  similar  hardened,  corroded,  tubular  band  forms 
the  same  limit  in  the  Isle  of  Thanet.  Among  the  fossils  of  the  Micraster 
division  the  following  may  be  mentioned:  Micraster  cor-testudinariumf 
M.  ccr-angutnum,  Cidaria  davigera,  Echinocorys  gibhus,  EcMnoconus  conicus, 
Epiaster  gtbhw,  Terebraitdina  gracilis,  Terehratula  semiglohosOy  Ostrea 
vesicularis,  Inoceramus  involuius. 

The  middle  division,  or  Margate  chalk,  has  been  named  the  Marsupite 
zone  by  Dr.  Barrois  from  the  abundance  of  these  crinoids.  It  attains  a 
thickness  of  about  80  feet  in  the  Isle  of  Thanet,  where  it  contains  few  or 
no  flints,  and  upwards  of  400  feet  in  the  Hampshire  basin,  where  flints 
are  numerous.  Among  its  fossils  are  Amarphospongia  glohosa,  Bourgueti- 
crintis  dlipticiis,  Marsupites  omatus,  M.  Milleri,  Micraster  cor-anguinum, 
Echinoconus  conicuSj  Echinocorys  gibhus^  Cidaris  clavigera,  C,  sceptrifera, 
Thecideum  Wetherelli,  Terebraitda  semighbosa,  Bhynchonella  plicatilis,  Tere- 
hratulina  striata,  Spondylus  (Lima)  spinosuSf  S.  dutempleanus,  Pecten  cretosus, 
Ostrea  vesicularis,  0.  Mppopodium,  inoc&ramus  lingua  (and  several  others), 
Selemnites  verus,  B.  Merceyi,  Ammonites  leptophylltis. 

The  highest  remaining  group,  or  Norwich  chalk,  forms  the  Belemnitella 
zone  so  well  marked  in  northern  Europe.  It  attains  a  thickness  of  from 
100  to  160  feet  in  the  Hampshire  basin  (Portsdown  Chalk),  is  absent  from 
that  of  London,  but  reappears  in  Norfolk,  where  it  attains  its  greatest  de- 
velopment. It  is  at  Norwich  a  white  crumbling  chalk  with  layers  of 
black  flints.  Among  its  fossils  are  Parasmilia  centralis,  Trochosmilia  laxa, 
Cyphosoma  magnificum,  Salenia  geometrica,  Echinocorys  ovatus,  Bhynchonella 
octoplicata,  B.  limbata,  Terebratula  camea,  T.  obesa,  Ostrea  lunata,  Belemnitella 
mucronata,  B,  quadrata. 

The  uppermost  division,  or  Danian,  of  the  Continental  chalk  appears 
to  be  absent  in  England,  unless  its  lower  portions  are  represented  by 
some  of  the  uppermost  beds  of  the  Norwich  chalk. 

The  Cretaceous  system  is  sparingly  represented  in  Ireland  and  Scotland. 
Under  the  Tertiary  basaltic  plateau  of  Antrim  there  lies  an  interesting 
series  of  deposits  which  in  lithological  aspect  differ  greatly  from  their 
English  equivalents,  and  yet  from  their  fossil  contents  can  be  satisfac- 
torily paralleled  with  the  latter.     They  are  thus  arranged  i'^ 


Hard  white  limestone 
Chloritic  chalk 

65  to  100    feet  = 

18  .,     16     „ 
3  „      6i    „ 

=  zone 
»> 

of  Belemnitella    mucro- 
nata. 
Marsupites. 
Micrasters 

II 

Chloritic    sand    and 
sandstone 

3  „     16      „ 

h- 

Holaster  planus. 
Terebratnlina  gracilis. 

if 

Grey  marls  and  yellow 

Bandstonea 
Glanconitic  sand 

3  „     30      „ 
0  „     10      .. 

»> 

Holaster  snbglobosns. 
Pecten  asper. 

P    M 

>  Barrois,  Terrain  Crilae^de  VAngleterre,  &c.,  1876,  p.  21. 
«  Bniroifl,  Op.  cU.  p.  216. 
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In  tHe  west  of  Scotland  also  relios  of  the  same  type  of 
formations  have  been  preserved  under  the  volcanic  plaieanx  oC  Mmj. 
and  Morven.     They  contain  the  following  subdivisions  in  dfmrn  mHhj' 

order  :* 

White  marly  and  sandy  beds  with  thin  seams  of  lignite' 20  kct 

Haid  white  chalk  with  ^elemntteUa  mfMTOfioto,  &c.... 10    « 

Thick  white  sandstones  with  oarbonaoeous  matter lOO    « 

Olauoonitic  sands  and  shelly  limestones,  Peden  atper^  Exogfra  eojueo, 

Janira  qumqueeostata,  Nauiilus  de$Umgduimpiianu$^  &c    OO    » 

France  and  Belgium.^~The  Cretaceous  system  so  extensively  der^ 
loped  in  western  Europe  is  distributed  in  large  basins,  which,  on  1^ 
whole,  corres^wnd  with  those  of  the  chief  rivers.  Thus  in  Fi»noe  there 
are  the  basins  of  the  Seine  or  of  Paris,  of  the  Loire  or  of  Toundne,  of  the 
Bhone  or  of  Provence,  and  of  the  Garonne  or  of  Aquitania,  inclndim^ 
all  the  area  up  to  the  slopes  of  the  Pyrenees.  In  most  cases  these  anse 
present  such  lithological  and  palsoontological  diflferences  in  iheii  C^ 
taceous  rocks  as  to  indicate  that  they  may  have  been  to  some  eztea: 
even  in  Cretaceous  times  distinct  basins  of  deposit. 

Neocomian} — A  threefold  subdivision  of  this  series  of  deposits  hst 
been  traced  both  in  the  Paris  basin  and  in  the  southern  provinces.     Thr 
lowest  group,  in  Mame,  Haute  Mame,  Meuse,  ^.,  consists  of  ssn^ 
marls,  spatangus-limestone  with  Spatangus,  Toxasler  compla$taim$^  P<n4 
Mulletii,  and  oyster-clays  {Ostrea  Leymeriei),    In  the  south  and  east  if 
France  it  assumes  much  greater  dimensions  and  consists  mainly  of  line- 
stones,  which  towards  the  base  contain  Terebraiula  diphya  (janitor^  see  mtte, 
p.  800),  Ammonites  madlentus,  in  their  middle  portions  Bdewmiiet  i^'luMw, 
Oatrea  Couloni,  Spatangus,  and  in  their  higher  zones  ToxaMer  eamplnaim. 
The  middle  group,  or  '*  IJrgonien  "  of  D'Orbigny,  consists  of  fresh- water 
clays,  sands,  and  ironstones  in  the  northern  area,  but  in  the  sontb 
expands  into  a  massive  series  of  limestones  with  Ckama  (Caprciima)  man 
mmiia,  Bemiienia  (^Caprotina)  Lomdaleit,  Pteroceras  pelagic  Panopma  imfm- 
laris,  Terd>ratula  sella.     The  upper  group,  or  **  Aptien  "  of  D'Orbigny,  k 
composed  in  the  Paris  basin  of  plicatula-clays;  with  0$irea  o^nuZo,  ^itm- 
itUa  plamnea,  Exogyra  ainuata^  Bhynchonella  UUa,  Ancylocenu  wfifHrroino— , 
Ammonites  fissicostatus.  A,  nisus,  and  in  Haute  Mame  contains  fresh-wattr 
beds  with  Paludina,  Cyclas,  Sco, ;  in  the  Mediterranean  basin  it  ir^BJitt  of 
marls  (Mames  aptiennes)  and  sandstones,  with  similar  fossUs.    In  the 

»  Judd,  Q.  J.  Geol.  Soc.  xxxiv.  p.  736. 

'  The  Cretaceous  system  has  been  the  subject  of  prolonged  study  by  the  ffeolaguto 
of  France,  and  has  given  rise  to  considerable  differences  of  nomeuclataro.  The  tmn. 
formations  recognized  and  named  by  D'Orbigny  have  been  generally  adopted.  B«t 
great  diversity  of  opinion  exists  as  to  the  names  and  limits  of  the  leaser  gro«ii«.  TWm 
has  been  a  tendency  to  excessive  elaboration  of  subdivisiona,  as  may  be  Mem  ia  tfe 
claasification  proposed  by  M.  Ooqnand.  The  minor  sections  of  the  geological  ne«i^ 
muat  always  be  of  but  local  significance,  and  it  is  to  be  regretted  when  they  are  tnaled 
as  of  any  higher  importance.  AL  Hebert  has  wisely  refrained  from  burdening  geoltyal 
nomenclature  with  a  bug  list  of  new  names  fur  local  developments  of  strata,  am^toti^ 
liimself  with  employing  D*Orb^y's  names  for  the  formaUona,  and  sobdividiac  these 
into  upper,  middle,  and  lower.  The  student  will  find  some  of  the  rival  systeoMOC dssn- 
ftcation  collected  by  Mr.  Davidson,  Geol.  Mag.  vi  (1809). 

*  See  D'ArchiaC,  MSm.  Soc.  64ol.  Franecy  2e  s<^.  ii  p.  1 ;  Baulin,  Op.  at  p.  ti9: 
Ebray,  Bull  Soc,  O^oL  France^  2e  s^.  xvi.  p.  213;  xix.  p.  1S4 ;  Gomuel,  BmIL  8m.  Omi 
France^  2e  s^r.  xvii.  p.  742 ;  Se  s^r.  il  p.  371 ;  Hebert,  Op.  ci<.  2e  s^.  xxiv.  p.  SS; 
xxviii.  p.  137 ;  xxix.  p.  394 ;  Coquand,  Op.  eiU  xxiii  p.  o61 ;  BoQville,  0%.  cSL  *^ 
p.  723;  Bleicher,  Op.  ciL  3e  s<5r.  ii  p.  21 ;  Toucas,  Op.  eiL  iv.  p.  315. 
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xkorth  of  France  and  Belgiam  the  Cretaceous  sjatem  is  underlaid  by 
certain  clays,  sands,  and  other  deposits  belonging  to  a  Continental  period 
o£  older  date  than  the  sabmergenoe  of  that  region  beneath  the  sea  in 
i^hioh  were  deposited  the  uppermost  Neooomian  beds.  These  scattered 
Continental  deposits  have  been  grouped  under  the  name  of  Aachenian.^ 
On  the  coast  the  Folkestone  type  of  Neooomian  beds  is  well  seen 
between  Boulogne  and  Calais. 

OcuUt  or  Albian,* — ^This  characteristic  and  easily-traced  subdivision  of 
the  Cretaceous  series  appears  on  the  coast  opposite  to  Folkestone  with 
the  same  lithological  and  palsdontological  features  as  on  the  English  side 
of  the  Channel.  The  pyritoas  clays  sweep  round  the  northern  and 
eastern  margin  of  the  great  Paris  basin,  and  appear  likewise  on  the  west 
near  Havre.  They  have  also  been  found  in  deep  wells  around  Parin. 
They  contain  the  following  subdivisions  in  descending  order : 

8.  Zone  of  AmmonUe$  tn^tM^GIauconitio  day  of  Sancenre,  Ochre  of  Paiaave, 
Bfarls  of  LarriToor,  ^  gaize  '*  (a  porous  sandstone  slightly  impregnated  with 
silica  soluble  in  alkali)  of  the  Argonne,  upper  clay  of  Wissant,  ice.  It 
has  yielded  141  species  of  fodsils,  among  which  are  Ammonites  injiatus, 
A.  splendens,  A.  auritus.  Nautilus  radiatuBy  Hamite$  intermedius,  Natioa 
m.uUina^  BotUHIaria  earituUOy  Oardita  tenuieottOj  Inoeeramu$  $uleatu$t 
JPeoten  rauUnianu$t  Janira  quinqueoottaUjL,  Plieatida  peotinoides,  Ottrea 
eanalieulaUiy  Terebratula  dutemjleana^  Kingena  lima. 

2.  Zone  of  Ammonites  interruplus^  consisting  of  dark  clays  with  nacreoos 
shells,  sands,  and  sandstone.  Ammonites  interruptusy  A,  splendens.  A,  laulus, 
A.  denarius,  Hamites  rotundatus,  Natiea  gauUinoy  Cardita  tenuicosta,  Ino- 
ceramus  eonoentricus,  Plicattda  pictinoides,  &c. 

1.  Zone  of  Ammonites  mammUlaris — green  sand  sometimes  containing  phosphatic 
nodules — Ammonites  mammiUariSy  A,  raulinianuSf  A.  Beudanti^  Natiea 
qaultina,  Pteroceras  biearinatumy  Inoceramus  Salomoniy  Plicatula  radiala, 
MhynchcntHa  gObsianay  Ac, 

The  Upper  Creiaceaua  rocks  of  France  have  been  the  subject  of  prolonged 
and  detailed  study  by  the  geologists  of  that  countr^.^  The  northern 
tracts  form  part  of  the  Anglo-Parisian  basin,  in  which  the  upper  Creta- 
ceous rocks  of  Belgium  and  England  were  laid  down.  The  same  paleeon- 
tological  characters,  and  even  in  great  measure  the  same  lithological 
oomposition,  prevail  over  the  whole  of  that  wide  area,  which  belongs  to 
the  northern  Cretaceous  province  of  Europe.  Apparently  onlv  during 
the  early  part  of  the  Cenomanian  period,  that  of  the  Rouen  cnalk,  did 
the  Anglo-PanBian  basin  communicate  with  the  wider  waters  to  the 
south,  which  were  bays  or  gulfs  freely  opening  to  the  main  Atlantic.  In 
these  tracts  a  notably  distinct  type  of  Cretaceous  deposits  was  accumu- 
lated, which,  being  that  of  the  main  ocean,  covers  a  much  larger  geo- 
graphical area  and  contains  a  much  more  widely  diffused  &una  tlutn  are 
presented  by  the  more  limited  and  isolated  northern  basin.  There  are 
few  more  striking  contrasts  between  contemporaneously  formed  rocks  in 

^  On  the  Aachenian  deposits  see  Domont,  Terrains  Critacis  et  Tertiaires  (edited  by 
M.  Mourlon,  1878).  voL  i.  pp.  11-52. 

*  See  besides  the  works  already  cited,  Barrois,  BuU,  8oc,  QkL  Franccy  2e  s^r.  iii. 
707;  Ann.  8oc  GSoL  du  Nord,  ii.  p.  1;  Benevier,  BuU,  8oc,  OM.  Franosy  2e  s^i". 
liL704. 

'  Notably  by  MM.  Hebert,  Toucas,  Coqnand,  and  Ck)rQuel.  As  already  stated  con- 
siderable differeuces  exist  among  French  and  Swiss  geologists  as  to  the  nomendaturo 
and  the  lines  of  demarcation  between  the  npper  Cretaceous  formations,  arising  donbtless 
in  great  part  from  the  yarying  aspect  of  the  rocks  themselves  according  to  the  region 
in  which  they  arc  studied.    I  have  followed  mainly  M.  Hebert 
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adjacent  areas  of  deposit  than  that  whieh  meets  the  eye  of  the  traTeiki 
who  crosses  from  the  basin  of  the  Seine  to  those  of  the  Loire  and  Gmzonsc 
In  the  north  of  France  and  Belgium  soft  white  chalk  coverB  wide  tracts 
presenting  the  same  lithological  and  scenic  characters  as  in  Bngland. 
In  the  centre  and  south  of  France  the  soft  ohalk  is  replaced  hj  haH 
limestone,  with  comparatively  few  sandy  or  clayey  beds.  This  man  d 
limestone  attains  its  greatest  development  in  the  southern  part  of  Vt.- 
department  of  the  Dordogne,  where  it  is  said  to  be  about  800  feet  UntL 
The  lithological  differences,  however,  are  not  greater  than  thoae  of  tlw 
fossils.  In  the  north  of  France,  Belgium,  and  England,  the  singiilar  mol- 
luscan  family  of  the  Hippuritidsa  or  Budistes  appears  only  occasionally  and 
sporadically  in  the  Cretaceous  rocks,  as  if  a  stray  individual  had  ham 
time  to  time  found  its  way  into  the  region,  but  without  being  able  to  esta- 
blish a  colony  there.  In  the  south  of  France,  however,  the  bippimia 
occur  in  prodigious  quantity,  often  mainly  composing  the  limeetcxies,  heooe 
called  hippurite  limestone  (Rudisten-Kalk).  They  attained  a  great  size^ 
and  seem  to  have  grown  on  immense  banks  like  our  modem  oyster.  Ther 
appear  in  successive  species  on  the  different  stages  of  the  Cretaceo^ 
system,  and  can  be  used  for  marking  palseontological  horizons,  as  thf 
cephalopods  are  employed  elsewhere.  But  while  these  lameUibrand^ 
played  so  important  a  part  throughout  the  Cretaceous  period  in  the  sosth 
of  France,  the  numerous  ammonites  and  belemnites,  so  characteristic  oi 
the  Chalk  in  England,  were  comparatively  rate  there.  The  very  dif- 
tinctive  type  of  hippurite  limestone  has  so  much  wider  an  extensin 
than  the  northern  or  Chalk  type  of  the  upper  Cretapeons  system  that  it 
should  be  regarded  as  really  the  normal  development.  It  ranges  throi^i 
the  Alps  into  Dalmatia,  and  round  the  great  Mediterranean  basin  far 
into  Asia. 

Cenomanian  (Craie  glauconieuse). — According  to  the  classification  cf 
M.  H6bert  this  formation  is  composed  of  two  groups :  1st,  Lower  or 
Bouen  chalk,  equivalent  to  the  upper  greensand  and  grey  chalk  ««f 
England.  In  the  northern  region  of  France  and  Belgium  it  consiaii  of 
the  following  subdivisions :  a.  a  lower  group  or  asaue  of  glauoonitic  bed# 
like  the  English  upper  greensand,  containing  Ammanite$  infimim  bdow 
and  Pecien  asper  above ;  &.  Middle  glauoonitic  chalk  with  TurnUieB  Mat 
culaim,  Holaater  carinatus,  &c.,  probably  equivalent  to  the  Ig^g^yA 
Chloritic  Marl  and  Chalk  Marl ;  c.  Upper  hard,  somewhat  argillaoeoM. 
grey  chalk  with  Holaster  suhglohatua;  the  threefold  subdivision  of  this 
assise  already  ^iven  is  well  developed  in  the  north  of  France ;  €L  Calca- 
reous marls  with  Belemniiea  plenus.  2nd.  Upper  or  marine  imndstuus ; 
according  to  M.  Hebert  this  group  is  wanting  in  the  northern  legkai  of 
France,  England,  and  Belgium.  In  the  old  province  of  Maine  it  ooa- 
sists  of  sands  and  marls  with  Aiwrthopygus  oHneulariM^  Exogyra  (Obrfyfv* 
columba^  Trigoma^  and  Oatrea,  Further  south  these  strata  are  replaced 
by  limestones  with  hippurites  {Caprina  adversa),  which  extend  up  ink* 
the  Pyrenees  and  eastwards  across  the  Rhine  into  Provence.* 

Turanian  (Craie  Mameuse).--This  formation  presents  a  very  di&vmt 
facies  according  to  the  ^it  of  the  country  where  it  is  examined.  In  ^ 
northern  basin,  according  to  M.  H6bert,  only  its  lower  portions  oocv, 
separated  by  a  notable  hiatus  from  the  base  of  the  Senonian  seric^ 

*  See  a  memoir  on  the  Upper  Crotaceous  rocks  of  the  baiin  of  Uchauz  (Pivivaet)  W 
H^ert  and  Toucae,  Ann,  Seienees  OM,  vi  (1875).  ^ 
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and  consisting  of  marly  chalk  with  Inoceramm  labicUus,  L  BrangntarU^ 
Ammonites  nodosoideSy  A.  peramplua^  TerehrcUuUna  gracilU.  He  placee  the 
zone  of  Hokister  planus  at  the  base  of  the  Senonian  groups,  and  believes 
that  in  the  hiatus  between  it  and  the  Turonian  beds  b^ow  the  greater 
part  of  the  Turonian  series  is  really  wanting  in  the  north.  On  the  other 
hand,  Dr.  Barrois  and  others  would  rather  regard  the  zone  of  Holaster 
planus  as  the  top  of  the  Turonian  series.  In  the  north  of  France,  as 
in  England,  it  is  a  division  of  the  White  Chalk,  containing  Ammanitee 
peramplusj  Scaphiies  Geinitziiy  Spondylus  spinosus^  Inoceramus  wmquivalvis, 
TerehrcUtda  semighhosa,  Holaster  planus^  VentriculUes  monUiferuSf  &o.  Strata 
with  Inoceramus  labiatus,  marking  the  base  of  the  Turonian  groups,  can 
be  traced  through  the  south  and  south-east  of  France  into  Switzerliuad. 
These  are  overlaid  by  marls,  sandstones,  and  massive  limestones  with 
Exogyra  (Ostrea)  colun&a  and  enormous  numbers  of  hippurites  (Hippurites 
comuvaccinum,  Badiolites  cormpasioris,  &c.).  These  hippurite  limestones 
sweep  across  the  centre  of  Europe  and  along  both  sides  of  the  great 
Mediterranean  basin  into  Asia,  forming  one  of  the  most  distinctive 
landmarks  for  the  Cretaceous  system. 

Senonian. — This  formation  is  most  fully  developed  in  the  northern 
basin,  where  it  connists  mainly  of  white  chalk  separable  into  the  two 
divisions  of,  1st,  Micraster  group,  composed  of  chalk  beds,  in  the  lower  of 
which  Micraster  cor-testudinarium  and  in  the  upper  itf.  cor-anguinum  is  the 
prevalent  urchin.  The  same  palodontological  mcies  occurs  in  this  and  the 
other  group  as  in  the  corresponding  strata  of  England  already  described. 
2nd.  Belemnitella  group  with  B.  quadrata  in  a  lower  zone,  and  B.  mucro- 
nata  (Meudon  chalk)  in  a  higher.  In  the  south  and  south-east  of  France 
the  corresponding  l>eds  are  partly  marine,  partly  fresh-water,  and  contain 
beds  of  lignite. 

Danian. — This  subdivision  of  the  Cretaceous  system  appears  to  be 
developed  only  in  the  northern  basin.  In  the  neighbourhood  of  Paris 
and  in  the  Departments  of  Oise  and  Mamo  a  rock  long  known  as  the 
Pisolitic  Limestone  occurs  in  patches,  lying  unoonformably  on  the  White 
Chalk.  The  long  interval  which  must  have  elapsed  between  the  highest 
Senonian  beds  and  this  limestone  is  indicated  not  only  by  the  evidence 
of  great  erosion  of  the  chalk  previous  to  the  deposit  of  the  limestone, 
but  also  by  the  marked  palsdontological  break  between  the  two  rocks. 
The  general  aspect  of  the  fossils  resembles  that  of  the  older  Tertiary  to- 
mations,  but  among  them  are  some  undoubted  Cretaceous  species.  In 
the  south-east  of  Belgium  the  Danian  series  is  well  exposed,  resting  un- 
oonformably on  a  denuded  surface  of  chalk.  In  Hainault  it  consists  of 
successive  bands  of  yellowish  or  ^yish  chalk,  between  some  of  which 
there  are  surfaces  of  denudation,  with  perforations  of  boring  molluscs,  so 
that  it  contains  the  records  of  a  prolonged  period  (chalk  of  St.  Yaast, 
Obourg,  Nouvelles,  Spienne,  and  Ciply).  Among  the  fossils  are  Belem- 
nitella mucronata,  Baadites  Faujasiif  Nautilus  Dekayi  (but  no  iiumtomtef, 
Hamites,  or  Turrilites\  Inoceramus  Cuineri,  Ostrea  flabeJUformiSy  0.  laierdUs^ 
0.  vesicularis,  Crania  tgnabergeneis,  Terehratulina  striata^  Fissurirostra  Palissii 
(characteristic),  Badiolites  ciplyanus^  Eschara  several  species  and  in  great 
numbers,  Ananchytes  ovatus,  Holaster  granulosus.  The  well-known  chalk 
of  Maestricht  is  equivalent  to  part  of  these  strata,  but  appears  to 
embrace  also  a  higher  horizon  containing  Hemipneustes  striaUhradiatus^ 
Crania  igndhergensts^  Terehratulina  striata^  Fissurirostra  pectini/ormisj  Ostrea 
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bmalOy  0.  vemcularts^  Jamra  quadricasiaia^  and  numerotifi  remains  of  Mom- 
9auru§  and  of  ohelonianB,  together  vrith  VoUUa,  Fa»eioUwia^  and  otiier 
obaracteristicallj  Tertiary  genera    of   molltiBCB.^     Similar  strata  and 
fossils  occur  at  Faxoe,  Denmark.     The  terrestrial  flora  in  the  higher 
Cretaoeons  serien  at  Aix-la-Chapelle  has  been  already  referred  to  (p.  ^>3). 
Oermany. — The  Cretaoeons  deposits  of  Grermany,  Denmark,  and  t^ 
sonUi  of  Sweden  were  accnmnlated  in  the  same  northern  province  with 
those  of  Britain,  the  north  of  France,  and  Belgium,  for  they  present  oo 
the  whole  the  same  palsdontolog^cal  succession  and  even  to  a  oonsideraUe 
extent  the  same  lithological  characters.   It  would  appear  that  the  western 
partof  this  region  began  tosubside  before  the  eastern,  and  attained  a  greater 
amount  of  depression  beneath  the  sea.  In  proof  of  this  statement  it  mar 
be  mentioned  that  the  Neooomian  clays  of  the  north  of  England  extend 
as  &r  as  the  Teutoburger  Wald,  but  are  absent  from  the  base  of  the 
Cretaceous  system  in  Saxony  and  Bohemia.     In  north-west  Germany 
Neooomian  strata  under  the  name  of  Hils  appear  at  many  points  between 
the  Isle  of  Heligoland  (where  representatives  of  part  of  the  Speeton 
clay  and  the  Hunstanton  red  chalk  occur),  and  the  east  of  Bmnswid^:, 
indicative  of  what  was,  doubtless,  originidly  continuous  deposit.     In 
Hanover  they  consist  of  a  lower  series  of  conglomerates  (Hils-conglome- 
rat),  and  an  upper  ^roup  of  clavs  (Hils-thon).    Appearing  on  the  flanks 
of  the  hills  which  nse  out  of  the  great  drift-covered  plains,  they  attain 
their  oompletest  development  in  Brunswick,  where  they,  attain  a  total 
thickness  of  450  feet,  and  consist  of  a  lower  group  of  limestone  and 
sandy  marls,  with  Toxasier  eomplanatm,  Exogyra  CouUmi  (jnMuUa)^  Amm^- 
iiiie$  hidichoiamus,  A.  astierianm,  and  many  other  fossils ;  a  middle  group 
of  dark  blue  clays  with  BdemnHes  hrunawicensis.  Ammonites  nimta^  Anqi^ 
ceras  Emmerid^  Exogyra  CovtUmi  (jnnuatd),  d:c.,  and  an  upper  group  of  dark 
and  whitish  marly  clays  with  Ammonites  Martini,  A.  Deshayesi^  A.  mm», 
Bdemnites  Etoaldi,  Toxoceras  royerianum^  Crioeeras,  &o,^    Below  the  Hils- 
then  in  Westphalia,  the  Harz,  and  Hanover,  the  lower  parts  of  the  true 
marine  Neooomian  series  are  replaced  by  a  massive  fluviatile  formation 
corresponding  to  the  English  Wealden,  and  divisible  into  two  groups : 
1st,  Diester  sandstone  (600  feet),  like  the  Hastings  sand  of  England, 
consisting  of  fine  light  yellow  or  grey  sandstone,  dark  shales,  and  seams 
of  coal  varying  from  mere  partings  up  to  workable  seams  of  three  and  even 
more  than  six  feet  in  thickness.  These  strata  are  full  of  remains  of  terres- 
trial vegetation  (Equisetum,  Baiera,  Okandrideum,  Laceopteris,  Sagenopteris, 
Anomotamites,  Pterophyllum,  Podoeamites,  and  a  few  conifers),  also  shells  of 
fresh-water  genera  (^Oyrena,  Paludind),  cyprids,  and  remains  of  Lejd- 
doiMS  and  other  fishes ;  2nd,  Weald  clay  (65  to  100  feet)  with  thin  layers 
of  sandy  limestone  {Oyrena,  Cydas,  Umo,  Mdama,  Cypris,  &c^y     The 
(}ault  or  Albian  of  north-western  Germany  consists,  according  to  Yon 
^trombeck,  of  two  groups  of  strata.    The  lower  of  these,  apparently 
unrepresented  in  England,  consists  of  a  lower  clay  with  the  zone  oiAwmiy' 
niles  milletianus,  and  an  upper  clay  with  Ammonites  tardefureaim.     The 

^  Dumont,  M^m,  TenaiM  CritacSs,  &o.,  1878.    Mourlon.  G^ol.  de  la  BeJgiqu^%  1880. 

*  Yon  Strombeok,  Zeitteh,  Deutsch,  Qeol.  Chs$.  i.  p.  462 ;  xiiL  20 ;  N.  Jakrb,  ISoS, 
pp.  159,  644;  Judd,  Q.  J.  GeoL  8oe.  xxvi.  p.  843. 

*  W.  Danker,  Ueber  den  norddetUsch,  Walderthon,  u,  «.  w^  Gassel,  1844;  Danker 
and  Von  Meyer,  iionographie  der  norddeutseh.  WaJderbUdung,  «.  $,  w.,  Brnnswick,  184C; 
Heinrich  Credner,  Ueber  die  CHiderung  der  oheren  Jura  und  der  Wef^ldenbildumg  in 
nordweetHchen  DeuUckland,  Prague,  18^. 
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higher  oontains  at  its  base  a  clay  with  Belemniies  minimua,  and  at  its  top 
the  widely  diffused  and  oharaoteristio  *^  Flammenmei^l " — a  pale  clay 
^vith  dark  flame-like  streaks  containing  the  zone  of  Amnumttes  inflcUm.^ 

The  upper  Cretaceous  rocks  of  Germany  present  the  greatest  litho- 
logical  contrast  to  those  of  France  and  England,  yet  they  contain  so 
large  a  proportion  of  the  same  fossils  as  to  show  that  they  belong  to  the 
same  period,  and  the  same  area  of  deposit.    The  Genomanian  forma- 
tion consists  in  Hanover  of  earthy  limestones  and  marls,  which  traced 
southward  are  replaced  in  Saxony  and  Bohemia  by  glauconitio  sandstones 
(Unter-Quader^  and  limestone  (^Unter-Planerkalk).    The  lowest  parts  of 
the  formation  m  the  Saxon,  Bohemian,  and  Moravian  areas  are  marked 
by  the  occurrence  in  them  of  clays,  shales,  and  even  thin  seams  of  coal 
(Pflanzen-Quader),  containing  abundant  remains  of  a  terrestrial  vegeta- 
tion which  possesses  great  interest,  as  it  contains  the  oldest  known  forms 
.  of  hard-wood  trees  (willow,  ash,  elm,  laurel,  <&c.).    The  Turonian  beds, 
traced  eastwards,  from  their  chalky  and  marly  condition  in  the  Anglo- 
Parisian  Cretaceous  basin,  chan^  in  character,  until  in  Saxony  and 
Bohemia    they  consist   of  massive   sandstones  (Mittel-Quader)  with 
limestones  and  marls  (Mittel-Planer).    In  these  strata  the  occurrence 
of  such  fossils  as  Inoceramm  lahiatm,  L  Brongniarti^  Ammonites  peramplus^ 
Scaphites  Qeinitziu  Spondylus  (lima)  spinoms^  Terehraiula  semigtohoaa,  &&, 
shows  their  relation  to  the  Turonian  of  the  west.  The  Senonian  group 
presents  a  yet  more  extraordinary  variation  in  its  eastern  prolongation. 
The  soft  upper  chalk  of  England,  France,  and  Belgium,  traced  into 
Westphalia,  passes  into  san^s,  sandstones,  and  calcareous  marls,  the 
sandy  strata  increasing  southwards  till  they  assume  the  gigantic  dimen- 
sions which  the^  present  in  the  gorge  of  the  Elbe  and  throughout  the 
picturesque  region  known  as  Saxon  Switzerland  (Ober-Quader).    Ihe 
horizon  of  these  strata  is  well  shown  by  such  fossils  as  Bdemnitdla 
quadraia,  B,  mueronata,  NatUilus  danicuB^  Marmpitea  omatvs^  Bourgueticrinua 
eUipticuSy  Crania  ignahergensis^  &c, 

Switzerland  and  the  Chain  of  the  Alps.^— This  area  is  included 
in  the  southern  basin  of  deposit.  In  Switzerland  the  Neocomian  groups 
are  so  well  developed  that  they  have  thence  received  their  collective 
name.  1  heir  average  thickness  there  in  the  region  of  the  Jura  is  about 
130  feet,  but  they  greatly  exceed  this  in  the  Neufchatel  district.  They 
consist  of  blue  marls  (Mames  de  Hauterive)  with  ToxasUr  eomplanatu8^ 
Ehynchonella  depressa^  <&c.,  surmounted  by  a  yellow  bedded  limestone. 
In  the  Alpine  region  the  Neocomian  formation  is  represented  by  several 
hundred  feet  of  mark  and  limestones,  which  form  a  conspicuous  band  in 
the  mountainous  range  separating  Berne  from  Wallis,  and  thence  into 
Eastern  Switzerland  and  the  Austrian  Alps  (Spatangenkalk,  Schratten- 
kalk).  Some  of  these  massive  limestones  are  full  of  hippurites  of  the 
Caprina  group  (Caprotinenkalk  with  Caprolina  Lomdalei^  Badiolites 
neocamiensis^  &o.\  others  abound  in  polyzoa  ^Bryozoenkalk),  others  in 
foraminifera  (OrbitoUtenkalk).  The  Gault  is  recognizable  as  a  thin 
hand  of  greenish  sandstone  and  marls,  which  have  long  been  known  for 
their  numerous  fossils  (Perte  du  Rhdne,  St.  Croix).  Tney  are  traceable 
in  the  Swiss  Jura  and  the  Alps  of  Savoy.     In  the  Vorarlberg  and 

»  Geol,  Mag,  vi.  (1869),  p.  261. 

*  Studer'B  Oeciogie  der  Srhweiz;  GUmbel,  Oeognottisehe  Betchreib,  Bayer,  Mpen^ 
vol.  Lp.  517  el  8eq. ;  Oeognoetische  Beeohreib,  dee  Ostbayer,  Orenzegebirg,  1868,  p.  697 ; 
Yon  Hatter's  Die  Geologte  der  Oesterr,  Uvgar,  Monarekie,  1878,  p.  505,  el  eeq. 
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Bavarian  Alps  their  place  in  taken  by  calcareous  glanconitio  beds  mnd 
the  Tnrrilite  greensand  (T.  Bergeri);  bnt  in  the  eastern  Alps  they 
have  not  been  reoognised. 

"■  4  One  of  the  most  remarkable  formations  of  the  Alpine  regions  is  the 
enormons  mass  of  sandstone  which,  under  the  names  of  Flysch  and 
Vienna  sandstone,  stretches  from  the  sonth-west  of  Switzerland  thxon;^ 
the  northern  sone  of  the  mountains  to  the  plains  of  the  Danube  at 
Vienna.     Fossils  are  exceedingly  rare  in  these  rocks,  the  meet  frequent 
being  fncoids,  which  a£ford  no  clue  to  the  geological  age  of  their  enclosing 
strata.     That  the  older  portions  in  the  eastern  Alps  are   Cretaceous, 
however,  is  indicated  b^  the  oocurrence  in  them  of  occasional  Inoceramy 
and  by  their  interstratification  with  true  Neocomian  limestone  fApty- 
chenkalk).     The  definite  subdivisions  of  the  Anglo-Parisian    Upper 
Cretaceous  rocks  cannot  be  applied  to  the  structure  of  the  Alps,  ^where 
the  formations  are  of  a  massive  and  unusually  calcareous  nature.     In 
the  Vorarlberg  they  consist  of  massive  limestones  (Seewenkalk)  and 
marls  (Seewenmergel),  with  Ammonites  MatUeUi,  T^irrQttes  coeiaius^  Inoce- 
ramus  Btriatus^  Holaster  cariruUuSy  &o.    In  the  north-eastern  Alps  they 
present  a  remarkable  fades  in  the  Oosau  beds,  consisting  of  a  variable 
and  locally  developed  group  of  marine  marls,  sandstones,  and  limestones, 
with  occasional  intercalations  of  coal-bearing  fresh-water  beds.     These 
strata  rest  unconformably  on  all  rocks  more  ancient  than  themselves, 
oven  on  older  Cretaceous  groups.    They  have  yielded  about  500  8x>ecies 
of  fossils,  of  which  only  about  120  are  found  outside  of  the  Alpine  regioD, 
chiefly  in  Turonian,  partly  in  Senonian  strata.     Much  discussion  and  a 
copious  literature  has  been  devoted  to  the  history  of  these  deposits.^ 
The  loosely  imbedded  shells  suggested  a  Tertiary  age  for  the  strata  ; 
but  their  banks  of  corals,  sheets  of  orbitolite-  and  hippurite-limestone, 
and  beds  of  marl  with  Ammonites,  Inocerami,  and  other  truly  Cretaceous 
forms,  have  left  no  doubt  as  to  their  really  upper  Cretaceous  age. 
Among  their  subdivisions  the  zone  of  Hippurites  eomuva4Xinum  is  recogniz- 
able.   From  some  lacustrine  beds  of  this  age,  near  Wiener  Neustadt,  a 
large  collection   of  reptilian    remains    has  been  obtained,  including 
deinosaurs,  chelonians,  a  crocodile,  a  lizard,  and  a  pterodactyle — in  all 
fourteen  genera  and  eighteen  species.^   Probably  more  or  less  equivalent 
to  the  Gosau  beds  are  the  massive  hippurite-limestones  and  certain 
marls  containing  Belemnitella  mucronaia,  Ananchytes  ovaius^  <!ba,  of  the 
Salzkammergut  and  Bavarian  Alps.^     The  upper  Cretaceous  rooks  of 
the  south-eastern  Alps  are  distinguished  by  their  hippurite-limestones 
(Kudistenkalk)  with  shells  of  the  Hippurites  and  BadioLites  groups,  while 
the  lower  Cretaceous  limestones  are  marked  by  those  of  the  Caprina  group 
(Caprotinenkalk).      They  form  ranges  of  bare  white,  rocky,  treeless 
mountains  perforated  with  tunnels  and  passages  (Dolinen). 

Basin  of  the  Mediterranean. — The  southern  type  of  the  Cre- 
taceous system  attains  a  great  development  on  both  sides  of  the  Mediter- 

*  8eo  among  other  memoirs,  Sedgwick  and  MnrchiBon,  TVons.  GedL  8oc  2Dd 
ser.  iii ;  Beoss,  DmkMihrifU  Ahad.  Wien.  vii.  1 ;  8Ui^,  Ahad,  Wien.  xi  882;  Stolictka, 
Sitxb,  Ahad,  Wien,  xxviiL  482;  lit  1;  Zekeli,  Ahhandl.  ChoL  ReichtoMt.  WUn,  i  1; 
P.  von  Hauer,  Siitb.  Alcad,  Wien,  liii.  300;  Fod^onL  Oeiterreich.  i.  7;  Dm  Geohgi^, 
p.  516;  Zittell,  Denhtehrifl,  Ahad.  Wien.  xxiv.  105;  xxv.  77;  Biinzel,  AbhandL  Oeol 
Jtei^isamt.  v.  1 ;  Gtimbel,  Oeognostitche  Beaehreib.  Bayerisch,  Alpen,  1861,  p.  517,  tt  tea. 

*  SeeloY,  Q.  J.  Oeol.  800, 1881;  p.  620.  r 

*  See  Qiimbel,  Op.  eit  lie  eivea  a  table  of  correlations  for  the  European  Oretaoeoos 
"^ocks  with  thoee  of  Bavaria  in  hia  OeognoeU  Be$chreib.  OBtbayer.  OrenMgeb,  p.  700, 701. 
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ranean  basin.  The  bippurite  limestones  of  tbe  soutb  and  south-east  of 
Franoe  are  prolonged  into  Italy  and  Greece,  wbence  tbey  range  into  Asia 
Minor  and  into  Ama.  Cretaceous  formations  appear  likewise  in  Sicily 
and  cover  a  vast  area  in  tbe  north  of  Africa.  In  the  desert  region  south 
of  Algiers  they  extend  as  vast  plateaux  with  sinuous  lines  of  terraced 
escarpments.^ 

India. — ^The  bippurite  limestone  of  south-eastern  Europe  is  pro- 
longed into  Asia  Minor,  and  occupies  a  vast  area  in  Persia.    It  has  been 
detected  here  and  there  among  the  Himalaya  Mountains  in  fragmentary 
outliers.   Southward  of  these  marine  strata  there  appears  to  have  existed 
in  Ci-etaceous  times  a  wide  tract  of  land  corresponding  on  the  whole  with 
the  present  area  of  tbe  Indian  peninsula,  but  not  improbably  stretching 
soutn-westwards  so  as  to  unite  with  Africa.     On  the  south-eastern  side 
of  this  area  the  Cretaceous  sea  extended,  for  near  Trichinopoly  and 
Pondicherry  a  series  of  marine  deposits  occur  corresponding  to  the 
European  Upper  Ci*etaceous  formations,  with  which  they  have  16  per 
cent,  of  fosiul  species  in  common.    Similar  strata  with  many  of  the 
same  fossils  occur  on  the  African  coast  in  NataL     The  most  remarkable 
episode  of  Cretaceous  times  in  the  Indian  area  was  undoubtedly  the 
colossal  outpouring  of  the  Deocan  basalts.     These  rocks,  lying  in  hori- 
zontal, or  nearly  horizontal,  sheets,  attain  a  vertical  thickness  of  from 
4000  to  6000  feet,  and  where  thickest  6000  feet  or  more.  They  cover  an 
area  estimated  at  200,000  square  miles,  though  their  limits  have  no 
doubt  been  reduced  by  denudation.     Their  oldest  beds  lie  slightly 
unconformably  on  Cenomanian  rocks,  and  in  some  places  appear  to  be 
regularly  interstratified  with  the  uppermost  Cretaceous  strata.    Tbe 
occurrence  of  remains  of  fresh-water  molluscs,  land-plants,  and  insects, 
both  in  the  lowest  and  highest  parts  of  the  volcanic  series,  proves  tbat 
the  lavas  must  have  been  subaeriaL    This  is  one  of  the  most  gigantic 
outpourings  of  volcanic  matter  in  the  world.* 

North  America. — Becent  surveys  of  the  western  Territories  of  the 
United  States  and  of  British  Columbia  have  greatly  increased  our  know- 
ledge of  the  Cretaceous  system  on  the  American  continent,  where  it  is 
now  known  to  cover  a  vast  expanse  of  surface,  and  to  reach  an  enormous 
thickness.  Sparingly  developed  in  the  eastern  States,  from  Kew  Jersey 
into  South  Carolina,  it  spreads  out  over  a  wide  area  in  the  south,  stretch- 
ing round  the  end  of  the  long  Palaeozoic  ridge  from  Georgia  through 
Alabama  and  Tennessee  to  the  Ohio ;  and  reappearing  from  under  the 
Tertiary  formations  on  the  west  side  of  the  Mississippi  over  a  large  space 
in  Texas  and  the  south-west.    Its  greatest  development  is  reached  in 

the  western  States  and  Territories  of  the  Rocky  Mountain  region 

Wyoming,  Utah,  and  Colorado,  whence  it  ranges  northward  into  British 
America,  covering  thousands  of  square  miles  of  the  prairie  country 
between  Manitoba  and  the  Bocky  Mountains,  and  extending  westwards 
even  as  far  as  Queen  Charlotte  Islands,  where  it  is  well  developed.  It 
has  a  prodigious  northward  extension,  for  it  has  been  detected  in  Arctic 
America  near  the  mouth  of  the  Mackenzie  Biver,  and  in  northern 
Greenland. 

Towards  the  south  over  the  site  of  Texas,  the  Cretaceous  sea  appears  to 
have  been  deeper  and  clearer  than  elsewhere  in  the  American  region,  for 
*  Ooquand,  Description  g^d.  et  paleontol.  de  la  region  sud  de  la  Province  de  Con* 
ilanlin,  1862 ;  BoUand,  Butt.  6oc,  OeoL  France,  3e  s^r.  ix.  508. 
^  Medlioott  and  Blanford,  Geology  of  India,  see  ante,  p.  258. 
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its  preflenoe  is  recorded  diiefly  by  limestones,  smong  which  oooor 
dant    hippnrites  {CapndimL,    CSoprfsa)  snd    formmiiiifiHm    (OtrU 

Slid  terrestrial  conditions,  pointing  to  oscillstioDS  which    « 
affected  the  Bocky  Mountain  and  western  regions.  Thegreftteei 
ment  of  the  system  is  to  be  seen  in  the  north  of  Utah  and  in  W;^ 
where  it  presents  a  oontinnoos  series  of  deposits  nnhn^ea  by  any 
formability  for  a  thickness  of  ficm  11,000  to  13,000  feet     The  ^  ' 
table  shows  the  character  of  these  deposits  in  descending  cider 

iMkTtume  '^Ltgnitic)  SToap.^Biiff  and  grer  nndsiooes,  with  buids  of  dark  Hats 
and  nmneroiis  eoal-fleaiiifl,  ccmtuning  abondftDt  terrestrial  Te$»eiat>aii  of  To^ 
tiaij  typet,  marine  and  fafackiah-water  moUiiaca  {AwumomOeM  fe6«tea,  htaa 
WM$  prMewudicmt,  Ottrea  congtAa^  Cyrtma  CariUmi^  ^^jf'^  FolmilA,  Jbc^  t 
remains  of  fishes  (Berffx^  Lepidohuy,  tiirtles(rrMmjp:,  Aiiyt,  CnmjmmtgtX  > 
reptiles  {Croeodilti*,  Affathauma*,  ^c).     Tnis  groiip  is  bj  aome  iceolo^ 
pLaoed  in  the  Tertiary  series,  or  as  a  pasaago  series  between  the  Credneoai 
and  Eocene  systems  (see  below).    Thidmeas  in  Green  Birer  basin  500e  feei. 

Fox  Hills  groap. — Grey,  msty,  and  buff  sandstone^  with  namerovs  beda  of 
ooal  and  interstratifications  of  strata  oontaining  marine  shells  (Bsla^MfaAa, 
NantUuM^  Ammoniie»t  Banditet,  Mtmuamnu^  Ac).  Thickifeesa  oq  the  groMt 
I^aios  1500  feet,  which  in  the  Green  Birer  basin  expands  to  3000  to  4000 

Colorado  group. — Oalcareons  shales  and  days  with  a  eentral  sandy  aenea,  and 
in  the  Wahsatdi  region,  seams  of  eoal  as  well  as  flnriatile  and  marine  ahfft 
Thickness  east  of  the  Bocl^  Mountains  800  to  1000  feet,  bat  weatwmtds  in 
the  region  of  the  Uinta  and  Wahsatdi  Moontains  2000  feeC 

This  gronp  has  been  proposed  and  named  1^  Dr.  Hayden  and  Mr.  dstfcnoe 
King  to  inotnde  the  following  snb-gioops  in  the  original  rl  sari  final  im  oi 
Messrs.  Meek  and  Hayden  in  the  Mi^oon  n^gion : 
Foit  Pierre  sub-group.— Carbonaceous  shales,  maris,  and  clays  'luooenMmma 
Barabini,  Bandites  otattUy  ScaphiUt  Hodo$v$j  Amimmitt*^  OMres  cd»> 
gasta,  &c). 
Kiobrara  sub-group.— Chalky  marls  and  bitnminous  lintfrrttmnn  (  fJmrmtwitm, 

Inoetramus  deformU,  J,  probiemaiieutf  (ktna  comgata,  fish  *rtnaiiM) 
Fort  Benton  sub-group.— Shales,  cUys,  and  limestones  (JSeaphUn  wsjjx, 
cum,  Ammonites^  Prionocydas  W<Mgarij  Otirea  congetid). 
Dnkoiah  Group,  composed  of  a  persistent  basal  conglomerate  (which  is  900 
feet  thick  and  Tery  coarse  in  the  Wahaatch  region  i  overlaid  t^  yeOow  mmI 
grey  massive  sandstones,  sometimes  with  elays  and  seams  of  coal  or  ligmia» 
(Dicotyledonous   leaves   in   great   numbers,   /iiocvfasiifs,    Conlraat,    Ac.  . 
Thicknef>8  400  feet  and  upwards.* 

The  extraordinary  palaeontological  richness  of  these  western  C^«t»> 
ceons  deposits  has  been  already  referred  to.  They  contain  the  eartieBt 
dicotyledonous  plants  yet  found  on  this  continent,  upwards  of  100 
species  having  been  named,  of  which  one-half  were  aUied  to  liTiac 
American  forms.  Among  them  are  species  of  oak,  willow,  poplar,  beedi, 
elm,  dogwood,  maple,  hidcory,  fig,  cinnamon,  laurel,  smilax,  talip-tzwi» 
sassafras,  sequoia,  American  palm  (Sabal),  and  cycads.  The  more  cha- 
racteristic moUusca  are  spcNOies  of  Terehratnla,  0$irea,  Orj^ma^  JSro^yr*. 
Inoceramtu,  HippuriieSf  BadioltteB^  Ammamte$,  Scajjhite$,  Hawntm,  Baemid^^ 
Bdemnitesj  Ancyloeeras,  and  TurrUites.  Of  the  fishes  of  the  CYetaoeoos 
sea  many  species  are  known,  comprising  large  predaceous  represeata> 
tives  of  inoaem  or  osseous  types  like  the  salmon  and  isaury,  thourii 
cestracionts  and  ganoids  still  flourished.  But  the  most  remarkaye 
feature  in  the  organic  contents  of  these  beds  is  the  extraordinary  nmaher 

1  Hayden's  Beparts  of  Geographical  and  Qtdogiedl  Survey  of  Wmiem  Terriimim; 
King's  UecHogical  Beport  of  Exploration  oj  40/A  parallel^  vol.  i 
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and  variety  of  the  reptilian  remains,  to  whioh  reference  has  been  already 
made  (p.  810,  811).  Some  of  the  earliest  types  of  birds  also  have  been 
obtained  from  the  same  important  strata. 

No  question  in  American  geology  has  in  recent  years  given  rise 
to  more  controversy  than  the  place  which  should  be  assigned  to  the 
Liaramie  or  Lignitio  group,  whether  in  the  Cretaceous  or  Tertiary  series. 
The  group  consists  mainly  of  lacustrine  strata,  with  occasional  brackish- 
\vater  and  marine  bands.  While  the  mollusca  in  some  of  the  shell- 
bearing  beds  comprise  spedes  of  Inoeeramus,  Anchur<i,  Oyrodet,  Oardium, 
Cyrewiy  Mdampusy  Osirea^  and  ilnomio,  in  others  they  belong  to  the  modern 
lacustrine  and  fluviatile  genera  Phyio^  Vainaia^  Cyrena^  Oorhulct,  Unto. 
The  abundant  terrestrial  flora  resembles  in  many  respects  the  present 
flora  of  North  America.  A  few  of  the  plants  are  common  to  the  Middle 
Tertiary  flora  of  Europe,  and  a  number  of  them  have  been  met  with 
in  the  Tertiary  beds  of  the  Arctic  regions.  Some  of  the  seams  of 
vegetable  matter  are  true  bituminous  coals  and  even  anthracites.  Ac- 
cording to  Cope,  the  vertebrate  remains  of  the  Laramie  group  bind  it 
indissdubly  to  the  Mesozoic  formations.  Lesquereux,  on  the  other  hand, 
insists  that  the  vegetation  is  unequivocally  Tertiary.  The  former 
opinion  has  been  maintained  by  Clarence  King,  Marsh,  and  others; 
the  latter  by  Hayden  and  his  associates  in  the  Survey  of  the  Western 
Territories.  Cope,  admitting  the  force  of  the  evidence  furnished  by 
the  fossil  plants,  concludes  that  '*  there  is  no  alternative  but  to  accept 
the  result  that  a  Tertiary  flora  was  contemporaneous  with  a  Cretaceous 
fauna,  establishing  an  uninterrupted  succession  of  life  across  what  is 
generally  regarded  as  one  of  the  greatest  breaks  in  eeolog^c  time."  The 
vegetation  Imd  apparently  advanced  more  than  the  fauna  in  its  progress 
towards  modem  types.  The  Laramie  ^up  was  disturbed  along  the 
Becky  Mountain  region  before  the  deposition  of  the  sucoeedinff  Tertiary 
formations,  for  these  lie  unoonformably  upon  it.  So  great  have  been 
the  changes  in  some  r^ons  that  the  strata  have  assumed  the  character 
of  hard  slates  like  those  of  Palaeozoic  date,  if  indeed  they  have  not 
become  in  California  thoroughly  crystalline  masses. 

The  blending  of  marine  and  terrestrial  formations,  so  conspicuous  in 
the  western  Territories  of  the  American  Union,  can  be  traced  north- 
wfl^s  into  British  America,  Vancouver's  Island,  and  the  remote  Queen 
Charlotte  group,  with  no  diminution  in  the  thickness  of  the  series  of 
strata,  llie  section  at  Skidegate  Lilet  in  the  latter  islands  is  as  follows :  ^ 

Upper  shalet  and  MUKUtones.  (Few  fossils,  the  only  form  re- 
oognised  being  JfiootramtM  proUMiia^MiM.)       ....       1500  feet 

CoD^omenites  and  sAndstoaes  (fragments  of  BelemnUes),     .  2000    », 

Lower  shales  and  sandstones  with  a  workaUe  seam  of  anthracite 
at  the  base  (fosdls  abundant,  inolnding  species  of  Ammonite$, 
Hamiiety  BeUmnite$j  TrigcniOj  InooeramuM,  Ottrea^  Vnto^  Tertf- 
hraUOa^Ao.) 5000    „ 

Voloanio  agglomerates,  sandstones,  and  toils,  with  blocks  sometimes 
torn  or  five  feet  in  diameter 8500   „ 

Lower  sandstones,  some  toffaoeons,  others  fossilifieruas  1000   „ 

18,000   „ 

I  Q.  M.  Dawson  in  Beport  of  Progrm  of  €hoL  8urv.  Canada,  187S>9;  J.  F. 
WhiteaTes,  Me90taie  Fo$$a$,  vol.  L  part  L  in  pnblioations  of  6M.  Snrvev,  Canada,  8ee 
also  Mr.  Dawson's  Report  on  Oeologv  and  IU$ouroei  of  the  Region  near  the  idth  parattel ; 
North  BrUiih  Bonndary  Commmbny  1878;  Report  on  Canadian  Pacific  Railway, 
Ottawa,  1880. 
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Southwards,  also,  the  same  mingled  marine  and  terrestrial  type  of 
Cretaceous  rocks  can  be  followed  into  California,  where  the  higher  puti 
of  the  series  contain  beds  of  coal.  The  coast  ranges  are  described  by 
Whitney  as  largely  composed  of  Cretaceous  rocks,  usually  somewhat 
metamorphic  and  sometimes  highly  so. 

Australia  and  New  Zealand.— Bepresentatiyes  of  the  Cretaosow 
system  occupy  a  vast  area  in  Queensland  and  in  other  parts  of  Australia. 
Among  their  fossils  are  species  of  Inoeeramugj  AmmoniteSj  and  B^fmmiffUm 
In  New  Zealand  the  **  Waipara  "  formation  of  Canterbury  is  belierred  to 
represent  Upper  Cretaceous  and  possibly  some  of  the  other  Teriiarf 
horizons.  It  consists  of  massive  conglomerates  (sometimes  6000  to 
8000  feet  thick),  sandstones,  shales,  brown-coal  seams,  and  iitmstoQea 
The  plants  include  dicotyledonous  leaves,  cones,  and  branches  of  araa- 
carians  and  leaves  and  twigs  of  Dammara.  Among  the  sheUs  no  oeplialo- 
pods  nor  any  of  the  wide-spread  hippurites  have  yet  been  found.  YOA 
the  remains  of  fishes  (Lamna^  Hyhodus,  Otodus)  occur  numenxos  i 
bones,  which  have  been  referred  to  species  of  PleHoeaniruMy  Ma 
Polyeotylus,  &o,^ 

^  Etheridge,  Q,  J,  Gtal.  8oc.  xxviiL  183,  340;  Oweo,  Geol,  Mag.  Tii.  49 
Trans,  New  Zealand  Inst,  \i.  p.  333 ;  Haast,  Otology  of  CatUerimry  amd  Wt 
p.  291 ;  HattoQ  aud  Ulrich,  Geology  of  Otago,  p.  44. 
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PART  IV.— Cainozoic  or  Tebtiary. 

The  close  of  the  Me^sozoic  periods  was  marked  in  the  west  of 
Europe  by  great  geographical  changes,  during  which  the  floor  of 
the  Cretaceous  sea  was  raised  partly  into  land  and  partly  into 
shallow  marine  and  estuarine  waters.  These  events  must  have  occu- 
pied a  vast  period,  so  that  when  sedimentation  once  more  became 
continuous  in  the  region,  the  organic  remains  of  Mesozoic  time  had 
(save  in  a  few  low  forms  of  life)  entirely  disappeared  and  ffiren 
place  to  others  of  a  distinctly  more  modem  type.  In  England,  the 
interval  between  the  Cretaceous  and  the  next  geological  period 
represented  there  by  sedimentary  formations  is  marked  by  the  abrupt 
line  which  separates  the  top  of  the  Chalk  from  all  later  accumu- 
lations, and  by  the  evidence  that  the  Chalk  seems  to  have  been  in 
some  places  extensively  denuded  before  even  the  oldest  of  what  ara 
called  the  Tertiary  beds  were  deposited  upon  its  surface.  There  is 
evidently  here  a  considerable  gap  in  the  geological  record.  We  have 
no  data  for  ascertaining  what  was  the  general  march  of  events  in 
the  south  of  England  between  the  eras  chronicled  respectively  by 
the  Upper  Chalk  and  the  overlying  Thanet  beds.  So  marked  is  this 
hiatus  that  the  belief  was  long  prevalent  that  between  the  records  of 
Mesozoic  and  Cainozoic  time  there  comes  one  of  the  great  breaks  in 
the  geological  history  of  the  globe. 

Here  and  there,  however,  in  the  continental  pnrt  of  the  Anclo- 
Parisian  basin  traces  of  some  of  the  mia^^ing  evidence  are  obtainable. 
Thus,  the  Maestricht  (Danian,  p.  827)  shelly  and  polyzoan  lime- 
stones, with  a  conglomeratic  base,  contain  a  mingling  of  true  Creta- 
ceous organisms  with  others  which  are  characteristic  of  the  older 
Tertiary  formations.  The  common  Upper  Chalk  crinoid,  Bour- 
guetieriwus  elltpticus,  occurs  there  in  great  numbers;  also  Ostrea 
vesietdaris,  Baeulites  Faujasii^  Belemnitella  mucranatay  and  the  great 
reptile  Mosasaurus ;  but  associated  with  such  Tertiary  genera  as 
Voluta,  Faseiolaria,  and  others.  At  Faxoe,  on  the  Danish  island 
of  Seeland,  the  uppermost  member  of  the  Cretaceous  series  contains 
in  like  manner  a  blending  of  well-known  Upper  Chalk  organisms 
with  the  Tertiary  genera  Cyjpr«a,  Oliva^  and  mitra.  In  the  neigh- 
bourhood of  Pans  also,  and  m  scattered  patches  over  the  north  of 
France,  the  Pisolitic  limestone,  formerly  classed  as  Tertiary,  has  been 
foond  to  include  so  many  distinctively  Upper  Cretaceous  forms  as 
to  lead  to  it  being  relegated  to  the  top  of  the  Cretaceous  series, 
from  which»  however,  it  is  marked  oflF  by  the  decided  unconform- 
ability  already  described.  These  fragmentary  deposits  are  in- 
teresting, in  so  far  as  they  help  to  show  that,  though  in  western 
Europe  there  is  a  tolerably  abrupt  separation  between  Cretaceous 
and  Tertiary  deposits,  there  was  nevertheless  no  real  break  between 
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the  two  periods.  The  one  mei'ged  insensibly  into  the  other;  bat 
the  strata  which  would  have  senred  as  the  chronicles  of  the  inter- 
yening  ages  have  either  never  been  deposited  or  have  since  been  in 
great  measure  destroyed.  In  southern  Europe,  and  especially  in  the 
south-eastern  Alps,  no  sharp  line  can  be  drawn  between  Cretaceoa§ 
and  Eocene  rocks.  These  deposits  merge  into  each  other  in  bqtIi 
a  way  as  to  show  that  the  geo^^pbical  changes  of  the  westen 
region  did  not  extend  into  the  soum  and  south-east. 

The  name  Tertiary,  given  in  the  early  days  of  geology  before 
much  was  known  regarding  fossils  and  their  history,  has  retained  its 
hold  on  the  literature  of  the  science.  It  is  often  replaced  by  the 
term  Cainozoic  (recent  life),  which  exnresses  the  great  fact  that  it  is 
in  the  series  of  strata  comprised  xmaer  this  designation  that  most 
recent  species  and  genera  have  their  earliest  representatives.  Takin*; 
as  the  basis  of  classification  the  percentage  of  living  species  of  moi- 
lusca  found  by  Deshayes  in  the  different  groups  of  the  Tertiary 
series,  Lyell  proposed  a  scheme  of  arrangement  which  has  beea 
generally  adopteid.  The  older  Tertiary  ^rmations,  iu  which  tie 
number  of  still  living  species  of  shells  is  very  small,  he  named  Eoem^ 
(dawn  of  the  recent),  including  under  that  title  those  parts  of  thtj 
Tertiary  series  of  the  London  and  Paris  basins  wherein  the  propor* 
tion  of  existing  species  of  shells  was  only  3]^  per  cent.  The  miodk 
Tertiary  beds  in  the  valleys  of  the  Loire,  Garonne,  and  Dordcgne, 
containing  17  per  cent,  of  living  species,  were  termed  Miocene  (hm 
recent),  that  is,  containing  a  minority  of  recent  forms.  The  yonngvr 
Tertiary  formations  of  Italy  were  included  under  the  designatkn 
Pliocene  (more  recent),  because  they  contained  a  majority,  or  from 
36  to  95  per  cent.,  of  living  species.  This  newest  series,  however, 
was  further  subdivided  into  Older  Pliocene  (35  to  50  per  cent  of 
living  species)  and  Newer  Pliocene  (90  to  95  per  cent).  A  still 
later  group  ot  deposits  was  termed  Pleistocene  (most  reeeni)^  wheiv 
the  shells  all  belonged  to  living  species,  but  the  mammals  wen» 
partly  extinct  forms.  This  classification,  though  somewhat  artificial, 
has,  with  various  modifications  and  amplifications,  been  adopted  fur 
the  Tertiary  groups,  not  of  Europe  only,  but  of  the  whole  globe. 
The  original  percentages,  however,  often  depending  on  local  acci- 
dents, have  not  been  ver^  strictlj  adhered  to.  The  most  importont 
modification  of  the  termmologv  in  Europe  has  been  the  insertion  of 
another  stage  or  group  term^  Oligocene,  proposed  by  Beyrich,  t' 
include  beds  that  were  formerly  classed  partly  as  Upper  Eocene 
and  partly  as  Lower  Miocene. 

»>me  writers,  recognizine  a  broad  distinction  between  older  and 
younger  Tertiary  deposits,  have  proposed  a  classification  into  t«o 
main  groups :  1st,  Eocene,  Older  Tertiary  or  Palaeogene,  including 
Eocene  and  Oligocene;  and  2nd,  Younger  Tertiary  or  NeogeiK. 
This  subdivision  has  been  advocated  on  Uie  ground  that  while  the 
older  deposits  indicate  a  tropioal  climate  and  contain  o«ily  a  very 
few  living  species  of  organisms,  the  younger  groups  point  to  a  climate 
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approaching  more  and  more  to  that  of  the  existing  Mediterranean 
"basin,  while  the  majority  of  their  fossils  belong  to  living  species.^ 

The  Tertiary  periods  witnessed  the  development  of  the  present 
distribution  of  land  and  sea  and  the  upheaval  of  most  of  the  great 
mountain  chains  of  the  globe.  Some  of  the  most  colossal  disturb- 
ances of  the  terrestrial  crust  of  which  any  record  remains  took  place 
during  these  periods.  Not  only  was  the  floor  of  the  Cretaceous  sea 
upraised  into  low  lands,  with  lagoons,  estuaries,  and  lakes,  but 
throughout  the  heart  of  the  Old  World,  from  the  Pyrenees  to  Japan, 
the  bed  of  the  early  Tertiary  or  nummulitio  sea  was  upheaved  mto 
a  succession  of  giant  mountains,  some  portions  of  that  sea-floor  now 
standing  at  a  height  of  at  least  16,500  ifeet  above  the  sea.  The  rocks 
deposited  during  these  periods  are  distinguished  from  those  of  earlier 
times  by  increasingly  local  characters.  The  nummulitic  limestone 
of  the  older  Tertiary  group  is  indeed  the  only  wide-spread  massive 
formation  which  in  the  uniformity  of  its  llthoiogical  and  palaeonto- 
logical  characters  rivals  the  rocks  of  Mesozoic  and  Palaeozoic  time. 
As  a  rule  Tertiary  deposits  are  loose  and  incoherent,  and  present 
such  local  variations,  alike  in  their  mineral  composition  and  organic 
contents,  as  to  show  that  they  were  mainly  accumulated  in  detached 
basins  of  comparatively  limited  extent  and  in  seas  so  shallow  as  to 
be  apt  from  time  to  time  to  be  filled  up  or  elevated  and  to  become 
in  consequence  brackish  or  even  fresh.  These  local  characters  are 
increasingly  developed  in  proportion  to  the  recentness  of  the  deposits. 

The  climate  of  the  Tertiary  periods  underwent  in  the  northern 
hemisphere  a  remarkable  change.  At  the  beginning  it  was  of  a 
tropical  and  subtropical  character,  even  in  the  centre  of  Europe 
ana  North  America.  It  then  gradually  became  more  temperate, 
but  flowering  plants  and  shrubs  continued  to  live  even  far  within 
the  Arctic  circle,  where,  then  as  now,  there  must  have  been  six 
sunless  months  every  year.  Growing  still  milder  the  climate  passed 
eventually  into  a  phase  of  extreme  cold,  when  snow  and  ice  extended 
from  the  Arctic  regions  into  the  centre  of  Europe  and  North  America. 
Since  that  time  me  cold  has  again  diminished  until  the  present 
thermal  distribution  has  been  reached. 

With  such  changes  of  geography  and  of  climate,  the  life  of 
Tertiary  time,  as  might  have  been  anticipated,  is  found  to  have 
been  remarkably  varied.  In  entering  upon  the  Tertiary  series  of 
formations,  we  find  ourselves  upon  the  threshold  of  the  modem 
type  of  life.  The  ages  of  lycopods,  ferns,  cycads,  and  yew-like 
conifers  have  passed  away,  and  that  of  the  dicotyledonous  angio- 
sperms — the  hard-wood  trees  and  evergreens  of  to-day — ^now  succeeds 
them,  but  not  by  any  sudden  extinction  and  re-creation ;  for,  as  we 
have  seen  (p.  803),  some  of  these  trees  had  already  begun  to  make 
their  appearance  even  in  Cretaceous  times.  The  hippurites,  inoce- 
rami,  ammonites,  belemnites,  baculites,  turrilites,  scapnites,  and  other 
molluscs,  which  had  played  so  large  a  part  in  the  moUuscan  life  of  the 

»  HGraes,  Jahrh.  Otd,  Beie}mn$t.  1864,  p.  510. 
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later  Secondary  periods,  now  cease.  The  great  lef^ilea,  too,  wluck  ia 
such  wonderfnl  variety  of  type  were  the  dominant  animalu  of  the 
earth's  sor&ce,  alike  on  land  and  sea,  ever  since  the  commeiieeiBest 
of  the  loaSy  now  wane  before  the  increase  of  the  mammalia,  which 
advance  in  augmenting  diversity  of  type  nntQ  they  reach  a  maxim vm 
in  variety  of  fonn  and  in  balk  lost  bw>re  the  cold  epoch  refiored  Iol 
When  l^hat  refrigeration  passed  away  and  the  climate  became  nailder, 
the  extraordinary  development  of  mammalian  life  that  preceded  it 
is  foond  to  have  disappeared  aLso,  being  only  feebly  represented  in 
the  living  fismna  at  die  head  (^  which  man  has  taken  his  plsce. 


Stection  L — ^Eocene. 
§  1.  General  Characters. 

Bocks. — ^In  the  Old  World  the  most  widely  distributed  deposit 
of  this  epoch  is  the  nnmmnlitic  limestcme,  which  extends  from  the 
Pyrenees  through  the  Alps,  Carpathians,  Caucasus,  Asia  Minor, 
Northern  Africa,  Persia,  Beloochistan,  and  the  Suleiman  MoontaiBS» 
and  is  found  in  China  and  Japan.  It  attains  a  thickiws  of 
several  thousand  feet.  In  some  places  it  is  composed  mainly  of 
fiwaminifera  {NummuUte$  and  other  genera);  but  it  sometimes 
includes  a  tolerably  abundimt  marine  feiuna.  Here  and  there  it  has 
assumed  a  compact  crystalline  marble-like  structure,  and  can  then 
hardly  be  distingmshed  from  a  MesosEoic  or  even  PaUeosoic  rock. 
Enormous  masses  61  sandstone  occur  in  the  Eastern  Alps  (Yi^uia 
sandstone,  Flysch),  referred  nartly  to  the  same  age,  but  seldom  eon- 
taining  any  fossils  save  fucoids  (p.  830).  The  most  femiliar  European 
type  of  Eocene  deposits,  however,  is  that  of  the  Anglo-Parisian  and 
Franco-Belgian  area,  where  are  found  numerous  thin  local  beds  of 
usually  soft  and  uncompacted  day,  marl,  sand,  and  sandsUme^  with 
hard  and  soft  bands  of  limestone,  contaiidng  alternations  of  marine, 
brackish,  and  fresh-water  strata. 

Life. — ^The  flora  of  Eocene  time  has  been  abundantly  preserved 
on  certain  horizons.  In  the  English  Eocene  groups  a  suoceasicn  of 
several  distinct  floras  has  been  observed,  those  of  the  London  day 
and  Bagshot  beds  being  particularly  rich.  The  plants  from  the 
London  clay  indicate  a  warm  climate.  They  include  qiecies  of 
palms  (jBabal,  Nipadiies,  Fig.  400)  and  proteaceous  plants  allied  to 
the  living  Austntlian  FdrojhUa  and  Isopoffon;  likewise  species  of 
custard-apple,  gourd,  melon,  almond,  oak,  walnut,  Salitbmria,  LipM- 
ambar^  Ma^noHoy  Eucalyptus,  BatMnia.  The  remarkable  occurrence 
of  Australian  types  in  the  Lower  Eocene  vegetation  is  observable 
also  in  that  of  the  middle  Eocene  period,  when  proteaceous  plants 
mingled  in  the  umbrageous  forests  of  evergreen  trees  — laurels, 
cypresses,  and  yews.  Among  the  woodlands  there  grew  species  of 
ferns  {Lygodium^  AMplenium,  Ac.),  also  of  many  of  our  familiar  trees 
besides  those  just  mentioned,  such   as  chestnuts,    beeches,  elms^ 
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poplars,  hombeamsy  willows,  figs,  planes,  and  maple?.  The  markedly 
tropical  climate  was  shown  by  clamps  of  Pandanus,  with  here  an^ 
there  a  fan-palm  or  feather-palm,  a  tall  aroid  or  a  towering  cactus. 
The  Australian  aspect  of  the  vegetation  eyentnally  gave  way  to 


Fio.  400.— Eocene  Plasts. 
a,  Sabal  oxyrhaohis  (Heer)  (reduced) ;  6,  Nipadites  mnbonatos  (Bow.)  (}). 

one  of  a  more  American  character,  the  Australian  Proteaeese  being 
replaced  by  the  American  MyrieaeeaB.^ 

The  Eocene  fauna  presents  similar  evidence  of  tropical  or  sub- 
tropical conditions  in  central  Europe.  Especially  characteristic  are 
foraminifera  of  the  genus  Nummmites,  wnich  occur  in  prodigious 
numbers  in  the  nummulite  limestone  (Fig.  401),  and  also  occupy 


Fig.  401. — Kumhulitic  LufEsroNB  (§). 

different  horizons  in  the  English  and  French  Eocene  basins.  Th^ 
assemblage  of  moUusca  is  very  large,  most  of  the  genera  being  still 
living,  though  many  of  them  are  confined  to  the  warmer  seas  of  the 

*  J.  S.  Gardner,  British  Eocene  Flora,  PaUeontograph.  Soc.  1879.  L.  Crie,  Eechercliei 
snr  la  Y^g^tation  de  rouest  de  la  France  It  T^poque  tertiaire.  Ann,  Sciences  G4<^,  ix. 
(1877). 
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globe.  Characteristic  forms  are  Bdosyna^  Nautilus^  CatuseOan^ 
Fnms,  Pseudoliva,  OUva,  Voiuta^  Ckmw^  UUr€L,  Oeriihium,  MdaiM, 
Turritdla,  BosUBaria,  PlewrGtoma^  Omrma,  Natiea,  Soalaria^  OorhiU. 
Oyrma,  Outherea,  Chama,  Lueina.  Fish  remains  are  not  infreqimt 
in  some  of  the  clays,  chiefly  as  scattered  teeth  (Fig.  404).  Some  of 
the  more  common  genera  are  Lamna,  OtoduSf  MyUobaiet^  Pridu, 
PhyUodu^  Aetobates.  The  Eocene  reptiles  present  a  singular  con- 
trast to  those  of  Mesozoic  time.  They  consist  largely  of  tortoiseg 
and  turtles,  with  crocodiles  and  sea-snakes.  An  interesting  series  c^ 
remains  of  birds  has  been  obtained  from  the  English  Eocene  beds. 
These  indude  ArgiUomis  Zem^i^nnis  (perhaps  representatiye  of,  but 
larger  than,  the  modem  albatross),  Vasomts  londinensts  (somewhat 
akin  to  the  extinct  Dinomk  of  New  Zealand),  Enaltomis,  Halcymrm» 
toJiapieus,  Lithcmis  vuUurinus,  Macromis  tanaupus^  OdonicpUryx  tdUa- 
pi^nia  (a  toothed,  fish-eating  bird  with  affinities  to  the  pterosanrians). 


Fig.  402.— Eogemb  Lamellibranghs. 

a,  Cardiam  porulosam  (Lam.);  &»  Gorbnla  r^^bienais  (Mor.);  e,  Lueina  squaimtla 
(Desh.) ;  d,  Cyiena  cuneifcmms  (Sow.)  (}). 

From  the  npper  Eocene  beds  of  the  Paris  basin  ten  species  of  birds 
have  been  obtained,  including  forms  allied  to  the  buzzard,  woodcock, 
quail,  pelican,  ibis,  flamingo,  and  African  hombilL^  But  the  most 
notable  feature  in  the  palaBontoIogy  of  the  period  is  the  adrent  of 
some  of  the  numerous  mammalian  forms  for  which  Tertiary  time  was 
so  distinguished.  In  the  lower  Eocene  period  appeared  the  Ardoeyon 
and  Pd&onietis,  two  animals  with  marsupial  affinities,  the  former 
with  bear-like  teeth,  the  latter  with  teeth  like  those  of  the  Tasmauian 
dasyure ;  also  the  tapir-like  Ooryphodon;  the  small  hog-like  jBym- 
eotherium  with  canine  teeth  like  those  of  the  peccary,  and  a  form 
intermediate  between  that  of  the  hog  and  the  hvrax ;  and  the  allied 
genus  Pliolophus.  Middle  Eocene  time  was  distinguished  by  the 
advent  of  a  group  of  remarkable  tapir-like  animals  (PoIflW^Amiim, 
Palaj^therium,  Lophiodon^  Pachynobphus) ;  true  carnivores  (Pterodon 
and  jProviverra) ;  forms  allied  to  hogs  and  carnivores  {Eeterohyus, 
&c.) ;  and  the  lemuroid  CoenopitJieeua,  the  earliest  representative 

»  Owen,  Q.  J.  Geol  Soc.  1856.  1873,  1878,  1880.     Boyd  Dawkins,  Early  Man  h 
Jin'tainj  p.  83.    Milne  Edwards,  Oiteaux  Fossiles,  ii.  543. 
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of  the  tribe  of  monkeys.  With  the  upper  Eocene  period,  besides 
ihe  abundant  older  tapir-like  formSy  there  came  others  (Anehi" 
theriuin\  which  presented  characters  intermediate  between  those 
of  the  tapiroid  !ralaeotheres  and  the  tme  Equidas.  They  were 
about  the  size  of  small  ponies,  had  three  toes  on  each  foot,  and  are 
re^rded  as  ancestors  of  the  horse.  Numerous  hog-like  animals 
{Microchssrus,  DiplopuSy  Hyopotamua)  mingled  with  herds  of  ancestral 


Fio.  403. — Eocene  Gastebopom. 


m  Fosas  longffivus  (Brand.)  (]) :  6,  Oerithium  gigantenm  (Desh.)  (X) ;  e,  Melania  inqninata 
(Sow.)  (J);  d,  Voluta  elovata  (Sow.)  (J) ;  c,  RoBtelloria  flssurella  (Desh.)  (|) ;  /,  Coniw 
deperditufl  (Brug.)  (J). 

hornless  forms  of  deer  and  antelopes  {Biehobune^  Dichodan,  Amphu 
iragvlm).  Opossums  abounded.  Among  the  carnivores  were 
animals  resembling  wolves  {Oynodcm),  foxes  {Amphieyan),  and  wolve- 
rines {Tylod(m\  but  all  possessmg  marsupial  affinities.  There  appear 
to  have  been  abo  representatives  of  our  hedge-hogs,  squirrels,  and 
bats.^ 

*  Gaudry,  Lett  Etichainemeni*  dn  MonAe  Animal,  p.  4.    Boyd  Dawkina,  Earhj  Man  in 
Britain^  cliap.  ii. 
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It  is  firom  the  thick  Eocene  lacustrine  formations  of  the 
Territories  of  the  United  States  that  the  most  impcntant  additkns 
to  our  knowledge  of  the  animals  of  early  Tertiarjr  time  haye  receatlf 
been  made,  thanks  to  the  admirable  and  untiring  labours  fint  of 
Leidy,  and  subsequently  of  Marsh  at   Newhayen,  and  Cope  at 


Fio.  404.— Eocxsne  FiSHn. 
Of  lAnma  el^gans  (Ag.)  tooth  of  (]) ;  b,  OtodoB  obliqmis  (Ag.),  tooth  of  (]). 

Philadelphia.  The  herbiyorous  ungulata  appear  to  haye  formed  a 
chief  element  in  that  western  fauna.  They  included  some  of  the  oldest 
known  ancestors  of  the  horse,  with  four-toed  feet,  and  eyen  in  one 
form  (EMpous)  with  rudiments  of  a  fifth  toe ;  also  yarious  hog-like 
animals  {EonyuSf  Parahjfu$).    Some  of  the  most  peculiar  forms 


Fm.  405.— PAunfTHHCif  maomtm  (Cut.). 

those  of  the  type  termed  Tillodont  by  Marsh,  armed  with  a  pair  oT 
long  incisors ;  and  the  Deinooerata — an  extraordinary  group  posspasiog 
according  to  Harsh  the  siie  of  elephants,  the  habits  of  rmnooeroseii, 
but  bearmg  a  pair  of  long  horn-like  prominences  on  the  snoot, 
another  pair  on  tne  forehead,  and  a  single  one  on  each  cheek  (Fig.  406). 
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With  these  animals  there  coexisted  large  and  small  carnivores  and 
some  lemnroid  monkeys.^ 


§2.  Local  Development. 

Oreat  Britain.^ — Entirely  confined  to  the  south-eastern  part  of 
England,  the  British  Eocene  strata  occupy  two  synclinal  depressions  in 

'  The  restoration  of  Deinoceras  in  Fig.  406  has  been  kindly  supplied  by  Professor 
Harsh. 

*  See  Conybeare  and  Phillips,  Oeokgy  of  England  and  Wale*;  Prestwioh,  Q.  /. 
OttiL  Soe.  Yols.  iii.,  vi.,  yiiL,  x.,  zi.,  xiiL ;  Edward  Forbes,  **  Tertiary  Flnvio-mnrino 
Formation  of  the  lale  of  Wight,"  Mem.  OeoL  8urv.  1856;  H.  W.  Bristow,  "  Geology  of 
the  Isle  of  Wight,"  Mem.  GecL  8urv.  1862 ;  Whitaker,  <* Geology  of  London  Basin"  in 
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the  Chalk,  which,  owing  to  denudation,  have  become  detached  into  tJ»e 
two  well-defined  basins  of  London  and  Hampshire.  Thej  ba^e  bea 
arranged  as  in  the  subjoined  table : 


'Hampshire.  London, 

Barton  clay.  Upper  Bagshot  sands. 


II 

^  iBracklesham  beds,  and  leaf  beds      Middle  Bagshot  beds,  part  of  Lover 
3  I    of  BouraemouUi  and  Alum  Bay.        Bagshot  sands. 


Sj 


Part  of  Lower  Bagshot  sands. 

^ndon  day  r^gnor  bedjO-  Oldhrve^. 

Woolwich  ana  Reading  beds.  Vf^i^y^x,  and  Beadmg  beds. 


Thanetbods. 


Lower. — The  Thanet  Beds^  at  the  base  of  the  London  basin  con- 
sist of  pale  yellow  and  greenish  sand,  sometimes  clayey,  and  amtainifi^ 
at  their  bottom  a  thin,  but  remarkably  constant,  layer  of  ffreen-ooat«d 
flints  resting  directly  on  the  Chalk.  According  to  Mr.  Wmtaker,  it  i» 
doubtful  ifproof  of  actual  erosion  of  the  chalk  can  anywhere  be  aeeo 
under  the  l^rtiary  deposits  in  England,  and  he  states  that  the  Tbiaet 
Sands  everywhere  lie  upon  an  even  surface  of  chalk  with  no  visiUf 
unconformability.^  Professor  Phillips,  on  the  other  hand,  describes  the 
chalk  at  Beading  as  having  been  "literally  ground  down  to  a  plane  or 
undulated  surface,  as  it  is  this  day  on  some  parts  of  the  YorUiire 
coast,"  and  having  likewise  been  abundantly  bored  by  lithodomous  shdli.* 
The  Thanet  Sands  appear  to  have  been  formed  only  in  the  London  bftfu; 
at  least  they  have  not  been  recognized  at  the  base  of  the  Eocene  series 
in  Hampshire.  Their  fossils  comprise  about  70  known  species  (»11 
marine  except  a  few  fragments  of  terrestrial  v^^tation).  Amcmg  tliffl 
are  several  foraminifera,  numerous  lamellibranchs  (Attarte  tenera,  Cyvrw^ 
planata,  Ostrea  hellovacina^  Cuadhea  decussata  {cratsaiina),  PMoio^ 
cuneata,  P.  Koninchi,  Corhuta  regulbiensi$y  <&c.),  a  few  species  of  gastero* 
pods  {Natica  subdepressa^  Aparrhats  Sowerbii,  &o,)^  a  nautilus,  and  the 
teeth,  scales,  and  bones  of  fishes  (Lamnay  Ptwdtu), 

The  Woolwich  and  Beading  Beds,*  or  "Plastic  Clay"  of  the 
older  geologists,  consist  of  lenticular  sheets  of  plastic  clay,  loam,  auA 
and  pebblo-beds,  so  variable  in  character  and  tnickness  over  tbe  Tear* 
tiary  districts  that  their  homotaxial  relations  would  not  at  fint  be 
suspected.  One  type,  presenting  unfossiliferous  lenticular,  mottW. 
bright-coloured  daj^s,  with  sands,  sometimes  gravels,  and  even  Band- 
stones  and  conglomerates,  occurs  throughout  the  Hampshire  basin  tixi 
in  the  northern  and  western  part  of  the  London  basin.  A  seomd  tyi«^ 
found  in  West  Kent,  Surrey,  &c.,  consists  of  li^ht-coloured  sands  aw 
grey  clays,  crowded  with  estuarial  shells.  A  third  type,  seen  in  E*** 
Kent,  is  composed  only  of  sands  containing  marine  foesus.    These  diflef^ 


Mem.  Geo!,  Stirv.  vol.  iv.  (1872);  Phillips,  Otciogy  of  Oxford  and  the  Thiw  r«/U 
1871. 

»  Preatwich,  Q.  J.  Geot.  8oe,  vUi.  (1852),  p.  287. 

«  "  Geology  of  London,"  Mem.  Geo!.  Surv,  iv.  p.  57. 

»  Geology  of  Of  ford,  p.  442. 

*  Prestwich,  Q."  J.  Geol.  Soc,  x.  p.  75.    Whitnkor,  GecJ,  Lond,  p.  9f?. 
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ences  in  Htbologioal  and  palaoontologioal  charaoters  serve  to  indicate  the 
geographical  features  of  the  south-east  of  England  at  the  time  of  deposit, 
showing  in  particular  that  the  sea  of  the  Thanet  Beds  had  gradually 
shskllowed,  and  that  an  estuary  now  partly  extended  over  its  site.  The 
organic  remains  as  yet  obtained  from  this  group  amount  to  more  than 
100  species.  They  include  a  few  plants  of  terrestrial  growth,  such  as 
Fieus  Forhesi,  GreviUea  Heeri,  and  Laurus  Hookeri — ^a  flora  which,  contain- 
ing some  apparently  persistent  irpes,  has  a  temperate  facies.^  The 
lameUibrancns  are  pc^y  estuanne  or  fresh-water,  partly  marine ; 
characteristic  species  being  Cyrena  (mneifomm  and  C.  teilinella.  Ostrea 
beUov€tcina  forms  a  thick  oyster-bed  at  the  base  of  the  series.  Ostrea 
ienera  is  likewise  abundant.  The  gasteropods  include  a  similar  mixture 
of  marine  with  fluviatile  species  (Ceriihium  Junatum  {variabile),  Mdania 
inqumata^  Melanop$%8  hucdnoides,  Neniina  globulug,  Naiica  mibdepressay  Fugm 
IcUuSf  Paludina  tenia,  PtthareUa  Bickmanni,  &o.).  The  fish  are  chiefly 
sharks  (^Lamna),  Bones  of  turtles,  scutes  of  crocodiles,  and  traces  of 
birds  have  been  found.  The  highest  organisms  are  bones  of  mammalia, 
including  the  Coryphodon, 

The  Oldhaven  Beds,^  forming  the  base  of  the  London  Clay,  con- 
sist almost  wholly  of  rolled  flint  pebbles  in  a  sandy  base,  which,  as 
Mr.  Whitaker  suggests,  may  have  accumulated  as  a  bank  some  little 
distance  from  shore,  lliough  of  trifling  thickness  (20  to  30  feet)  they 
have  yielded  upwards  of  150  species  of  fossils.  Traces  of  Fxcus,  Owna- 
momum,  and  Coniferse  have  been  obtained  from  them,  indicating  perhaps  a 
more  subtropical  character  than  the  flora  of  the  beds  below,  but  without 
the  Australian  and  American  types  which  appear  in  so  marked  a  manner 
in  the  later  Eocene  floras.^  The  organisms,  however,  are  chiefly  marine 
and  partly  estuanne  shells,  the  gasteropods  being  particularly  abundant. 
The  London  Clay*  is  a  deposit  of  stiff  brown  and' bluish-grey 
clay,  with  layers  of  septarian  nodules  of  argillaceous  limestone.  Its 
bottom  beds,  commonly  consisting  of  green  and  yellow  sands,  and  rounded 
flint-pebbles,  sometimes  bound  hj  a  calcareous  cement  into  hard  tabular 
masses,  form  in  the  London  basin  a  well-marked  horizon.  The  London 
Clay  is  typically  developed  in  that  basin,  attaining  its  maximum  thick- 
ness (500  feet)  in  the  south  of  Essex.  Its  representative  in  the  Hamp- 
shire basin  is  known  as  the  *'Bognor  Beds,"  but  these  strata  differ 
somewhat  both  lithologically  and  palaBontologically  from  the  typical 
development.  The  London  Clay  has  yielded  a  long  and  varied  suite  of 
organic  remains,  from  which  we  can  see  that  it  must  have  been  laid 
down  in  the  sea  beyond  the  mouth  of  a  large  estuary,  into  which  abun- 
dant relics  of  the  vegetation,  and  even  sometimes  of  the  fauna  of  the 
adjacent  land,  were  swept.  According  to  Prof  T.  Bupert  Jones  the 
depth  of  the  sea,  as  indicated  by  the  foraminifera  of  ti^e  deposit,  may 
have  been  about  600  feet.  Professor  Prestwich  has  pointed  out  that 
there  are  traces  of  the  existence  of  palaaontological  zones  in  the  clay,  the 
lowest  zone  indicating  in  the  east  of  the  area  of  deposit  a  maximum 
depth  of  water,  while  a  progressive  shallowing  is  shown  by  three  higher 

"  J.  8.  Gardner,  **  British  Eocene  Flora,**  Pdlxontog,  Soe.  p.  29. 
«  Whitaker,  Q.  J.  Otol.  8oc.  xxii  (1866),  p.  412 ;  Geology  of  London,  p.  239. 
'  J.  8.  Gaidner,  Op.  ciLpp.  2, 10. 

*  Prestwich,  Q.  J.  Geol,  Soe.  vi  p.  255;  x.  p.  435.    Whitiikcr,  Otology  of  London, 
p.  278. 
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zones,  the  ii^permost  of  which  contains  the  greater  part  of  the 
trial  vegetation,  and  also  most  of  the  fish  and  reptilian  iwnaina.  Thm 
fossils  are  mainly  marine  mollosca,  which,  taken  in  connection  ^witL  the 
flora,  indicate  that  the  climate  was  somewhat  tropical  in  chaimcter.  Tkb 
plants  include  the  fruits  or  seeds  of  the  following,  among  other  geneta : 
PtntM,  CaUitria,  Salisburia ;  Musct^  Sabal,  Elaisy  NipadHes^  Lriariea,  Xmw- 
tcna,  (Enocarpus ;  Quercus^  Liquidarnbar,  Nyssa,  Dicspifrm^  Sj^fmmUtm^ 
Mtignolia,  Juglans,  Eucalyptus,  Amygddlus^  Bankinia?  Crostaoea  abovid 
(Xanthopgis,  Hoploparia).  Gasteropoda  are  the  prevalent  moUiiscs,  the 
common  genera  being  Pleurotoma  (45  species),  Fusus  (15  species),  Cfptwa^ 
Murex,  (hasidana,  Pyrula^  and  VohUa,  The  cephalopods  are  represented 
by  6  or  more  species  of  Nautihu^  by  Bdoaepia  aepuAdea,  and  BtiofUrm 
Levesquei,  Nearly  100  species  of  fishes  occur  in  tms  formation,  the  rmyv 
(MyliohcUes,  14  species)  and  sharks  (Lamna,  Otodw,  Ac')  being  specimlly 
numerous.  A  sword  fish  {Teirapterus  pn'scus),  and  a  saw-fish  (Pruim 
htsukaius)  about  10  feet  lone,  have  been  described  by  Agassis  from  tiM 
London  Clay  of  Sheppey,  whence  almost  the  whole  of  the  fish  remains 
have  been  obtained.  The  reptiles  were  numerous,  but  markedly  imlike, 
as  a  whole,  to  those  of  Secondary  times.  Among  them  are  numeroot 
turtles  and  tortoises  (Chelone  10  species,  Trianyx  1  species,  Plaiewt^t  6 
species),  two  species  of  crocodile,  and  a  sea-snake  {PalaeapkU  ioUaficm'}, 
estimated  to  have  equalled  in  size  a  living  Boa  constridor.  Benuuna  of 
birds  have  also  been  met  with  (Lithomis  vuUurinuB,  Haleyormt  foKmicn^ 
DasomU  londinensia^  Odoniopteryx  toUapicus,  ArgiUorms  UmgipefmU^  Aeif 
om%9).  The  mammals  numbered  among  their  species  a  hog  (nVmnnfini— )^ 
several  tapirs  (Goryphodon,  &c.),  an  opossum  (Didelphya),  and  a  ImL  Ths 
carcases  of  these  animals  must  have  been  borne  seawards  bv  the  gieat 
river  which  transported  so  much  of  the  vegetation  of  the  nei^booriiig 
land. 

Middle. — In  the  London  basin  this  division  consists  chiefly  of  sands, 
which  are  comprised  in  the  two  groups  of  the  lower  and  middle  **Bag* 
shot  beds."  The  lower  of  these  two  groups,  consisting  of  yelkfv 
siliceous,  unfossiliferous  sands,  with  irregular  light  clayey  beds,  attains 
a  thickness  of  about  100  to  150  feet.  The  second  group,  or  **  Middle 
Bagshot  beds,"  is  made  up  of  sands  and  clays,  sometimes  50  or  60  leet 
thick,  containing  few  organic  remains,  among  which  are  bones  of  turtka 
and  sharks,  with  a  few  molluscs  {Cardtia  aaUicostata,  C,  eUgang,  C.  piami 
costa,  C,  imbricaia,  Corbula  gaJUca,  C.  striata,  Ostrea  flabdUlay  In  the 
Hampshire  basin  the  Lower  Bagshot  beds  attain  a  much  great^  derek^ 
ment,  being  not  lees  than  660  feet  thick  in  the  Isle  of  Wight,  where  they 
consist  of  variously  coloured  unfossiliferous  sands  and  days,  with  minor 
beds  of  ironstone  and  plant-bearing  clays.  On  the  mainland  at  Stndland, 
Poole,  and  Bournemouth,  the  same  beds  appear.  The  Middle  Bacahot 
beds  are  represented  in  the  Hampshire  bamn  by  an  important  aenea  of 
clays,  marls,  sands,  and  liniitee  upwards  of  100  feet  thicK,  known  as  the 
BraokleiE^bam  beds,  from  their  occurrence  at  Bracklesham,  on  the  coast  of 
Sussex.  From  these  strata  a  large  series  of  marine  organisms  baa  been 
obtained,  among  which  are  Bdosepia  sepioidea,  B,  Ouvieri,  Cypnsa  it^a$m^ 
C.  tuberculosa,  MargineUa  ebumea,  M.  ovulaia,  Voluta  crenuhia,  V.  spimem^ 
F.  angusta,  V,  Branderi,  F.  cythara,  F.  mmricina,  Mitra  lahnUmla,  Cemm 

*  Eltingshnusen  and  Gardner,  **  British  Eocene  Flora,"  PaU»miografik,  8oe,  p.  12. 

Digitized  by  VjOOQ IC 


Pabt  IV.  Sect.  i.  §  2.]  EOCENE.  847 

deperdUus^  C.  Lamarckii,  Pleurotama  deniata^  P.  textiUosa^  Murex  asper^ 
I\mL8  longsevusj  TurriteUa  imbricaia^  Ostrea  dorwia^  0.  flaheUvkt^  0.  2cm^ 
rostrtBy  Fecten  comeus,  P.  squamula^  Lima  expansa,  Spondylw  rarispina^ 
Avicula  media^  Pinna  margaritacea^  Modiola  Deshayeni^  Area  hiangula 
(Branderi),  A,  interrupta,  A.  planicosia^  Limopsis  granidaia,  Nucula  nUnor^ 
Leda  galeoUiana,  Cardita  acutteostaia,  C,  elegans,  C.  imbricaia,  C.  planicoeia^ 
Crassatella  grignonensisy  Chama  calcaraia,  C.  gigasy  Nummulite$  hevigata, 
N.  seabra,  Alveolina  fusiformis,^  The  Bi-aokleaham  beds  reappear  to  a 
small  extent  in  the  London  basin,  where  they  form  part  of  the  Middle 
Bagshot  beds. 

The  fossils  of  the  Middle  Eocene  division  occur  chiefly  in  the  days. 
An  abundant  terrestrial  flora  has  been  obtained  from  the  plant  beds  of 
Alum  Bay  and  Bournemouth,  the  Proteaceae  bein^  there  still  numerous, 
together  with  species  of  fig,  cinnamon,  fan-paun  (Sabid)^  oak,  yew, 
cypress,  laurel,  lime,  senna,  and  many  more.^  Crocodiles  still  haunted 
the  waters,  for  their  bones  are  mingled  with  those  of  sea-snakes  and 
turtles,  and  with  tapiroid  and  other  older  Tertiary  types  of  terrestrial 
creatures.  The  occurrence  of  the  foraminiferal  genus  NummuUtes  is 
noteworthy.  Though  comparatiyely  infrequent  in  England,  it  plays, 
as  already  stated,  an  important  part  in  the  Eocene  deposits  of  Central 
and  Eastern  Europa 

Upper. — ^The  highest  division  of  the  Eocene  strata  of  England,  ac- 
cording to  the  classification  here  followed,  includes  the  uppermost  part 
of  the  Hampshire  series,  which  has  long  been  known  as  the  '*  Barton 
Clay,"  with,  perhaps,  the  Upper  Bagshot  sand  of  the  London  basin.  The 
Barton  clay  does  not  occur  m  that  basin,  but  forms  an  important  feature 
in  that  of  Hampshire,  where,  on  the  cLi&  of  Hordwell,  Barton,  and  in 
the  Isle  of  Wight,  it  attains  a  thickness  of  300  feet.  It  consists  of  grey, 
greenie^  and  brown  clays,  with  bands  of  sand,  and  has  long  been  wdl 
known  for  the  abundance  and  excellent  preservation  of  its  fossils,  chiefly 
molluscs,  of  which  more  than  200  species  have  been  collected,  but  includ- 
ing also  fishes  (Lamna^  MyUobaies)  and  a  crocodile.  The  following  list 
includes  some  of  the  more  important  species  for  purposes  of  comparison 
with  equivalent  foreign  deposits :  Vohda  luctatrix^  F.  amhigua,  F.  athleta^ 
Conua  8cabricuUi$j  C.  dormitar,  PleuroUma  rostrcUa  Tand  numerous  other 
species),  PtMtM  longsems^F.pyrus^  Ostrea  gigantea,  VuUeUa  deperdita^  Pecten 
recondituSy  Lima  campta,  L,  garor^  Avicula  media,  Modiola  seminuda,  M.  mdcata, 
M.  tenuisiriaia.  Area  appendicvdata,  Peetunculua  ddetua,  Cardita  Davidtoni^ 
C.  sulcata,  Crasaatella  suleata,  Chama  sguamoict,  NummuUtes  planulata^ 
N.  variolaria. 

Northern  France  and  Belgium. — ^The  anticline  of  the  Weald 
which  separates  the  basins  of  London  and  Hampshire  is  prolonged  into 
the  Contment,  where  it  divides  the  Tertiary  areas  of  Belgium  from  those 
of  Northern  France.  There  is  so  much  general  similarity  among  the 
older  Tertiary  deposits  of  the  whole  area  traversed  by  this  fold  as  to 
indicate  a  probable  original  relation  as  parts  of  one  great  tract  of 
sedimentation.   Local  difierences,  such  as  the  replacement  of  fresh-water 

I  See  Dixon's  Geology  of  Sussex ;  Edwards  and  S.  Wood,  ^  Monograph  of  Eocene 
MolluBca,**  PdUeorUograph.  ooe, 

«  See  H.  W.  Bristow,  •*  Geology  of  Isle  of  Wight  **  in  Mem.  QeoL  8urv.;  J.  S.  Gardner, 
Oeol  Mag.  1877,  p.  129 ;  Nature,  yoL  xzL  (1879),  181,  and  the  Monograph  on  Eocene 
flom  already  cited. 
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beds  in  one  region  by  marine  beds  in  anotber,  together  vnA  < 

ga^  in  the  record,  show  ns  some  of  the  geographical  conditions  sad 

oscillations  daring  the  time  of  d^osition. 

Lower. — In  the  Paris  basi!n  the  Sables  de  Brachenx  form  an  excel- 
lent horizon,  which  corresponds  to  the  Thanet  sand  of  England  aad 
Dumont's  *'  sjst^me  landenien  "  in  Belgiom.  Below  this  horixon  then 
occnrs  in  the  Franco-Belgian  region  a  lower  series  of  deposits  than  is 
fonnd  in  England.  In  me  Paris  basin  these  strata  present  a  TmiiaUe 
and  local  character,  but,  according  to  Hubert,  may  be  grouped  as 
in  descending  order : 

Karl  of  Dormans  (Phtf$a  giganUaX 

Conglomerate  of  Meadon  with  nesh-water  8heUB=Hmrine  Heensian   marl  of 

Bel^mn. 
Billy  Umestone  (freah-wat^ )  and  atitmtianiferons  maris  of  Heodoo,  couuapmiil- 

mg  to  the  iq>per  Heoaian  sands. 
H^une  sands  of  Billy,  correqionding  to  the  lower  part  of  the  hyaline  sandi  of 

Heers. 
Marine  conglomerate  of  Billy  and  conglomerates  of  Nemours  (marine  foaailaX  cor- 
ending  to  the  denndation  between  the  Mens  limestone  and  the  Hecnian 


lions  limestones  not  rq[»resented  in  Paris  hasin.^ 

The  Sables  de  Bracheux,  traceable  as  a  definite  platform  throogfa 
the  Anglo-French  and  Belgian  area,  contain  among  their  diaractflristk 
fossils  PholadowMfa  cuneata,  P.  Xomndb't,  Cyprina  JfomstV,  CmtmRma 
craasaUna^  Pecten  hreveaurituSt  Ptamwdbia  Edwardmi^  Corlmla  reymUmmm, 
TurriteUa  hellavacifM^  NaUea  detihayesiana.  The  lignites  of  the  SoisBosmak 
are  intercalated  among  beds  of  sand  and  day,  containing  the  nif 
mollnscan  fauna  as  the  Woolwich  and  Beading  beds.  But  a  break 
seems  to  occur  in  the  series  at  this  point;  for  in  Uie  Paris  basin  no 
rej^resentative  of  the  London  Clay  is  found.  The  lignites  of  the  Scnsaon- 
nais  are  coyered  by  sands  (Sables  de  Guise)  containing,  among  other 
abundant  marine  organisms,  Nuuim%UUe$  ptanulaiay  TwrritelUi  edita, 
T.  hybridoj  CroMotMa  propinqna,  Lueha  Muatmda;  they  are  regarded  as 
the  equiyalent  of  the  lower  part  of  the  Imglish  Ba^shot  sand,  and  fora 
the  highest  member  of  the  Ix>wer  Eocene  of  the  Pans  basin. 

In  the  Belgian  area  some  differences  are  presented  in  the  suooeaskm 
of  sediments.  The  strata  of  that  district  haye  been  grouped  by  Damoat 
into  a  series  of  *'  syst^mes."  The  most  ancient  Tertiary  deposit  of  the 
west  of  Europe  appears  to  be  the  limestone  of  Mcms  (Systtoe  MontienX 
This  rock  lies  in  a  denuded  hollow  of  the  Chalk,  and  lias  been  found  by 
boring  to  be  more  than  300  feet  thick.  It  consists  of  Mable  and  compact 
limestone,  charged  with  a  remarkable  series  of  organic  remains.  Dpwaids 
of  400  species  of  fossils  haye  been  obtained  from  it,  including  naiine, 
fresh-water,  and  terrestrial  shells.  Among  them  are  about  200  specaas 
ot  gasteropoda,  about  125  lameUibranchs,  and  fifty  polyaoa,  besidsB 
numerous  foraminifers  {Qmnqiieloeulmd)^  and  calcareous  alg»  {Daei^U- 
porot  Aciculariat  &o,).  Two  conspicuous  features  in  this  deposit  are  tha 
extraordinary  proportion  of  its  new  and  peculiar  species,  and  the  reeem> 
blance  of  its  fauna,  especially  its  numerous  Cerithiums  and  Turritdlaa 
to  that  of  the  middle  Eocene  beds  of  Belgium  and  the  Paris  basin  rather 

*  Hubert,  Ann,  8eimee$  QioL  iy.  (1873),  Art.  ir.  p.  14. 
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than  to  that  of  the  lower  Eocene.  The  Hons  Hmeetone  has  thus  heen 
cited  as  an  illuBtration  of  Barrande's  doctrine  of  colonies.^ 

Above  this  deposit  comes  the  '*  Syst^me  Heersien,*'  so  named  from  its 
development  at  Heers,  in  Limbour^.  With  a  total  depth  of  abont  100 
feet,  it  consists  of  (1)  a  lower  division  of  sandy  beds,  with  Cyprina 
planatci^  C.  Morrm,  Modiola  elegana^  and  other  marine  shells,  some  of  which 
ooour  in  tiie  Thanet  sand  of  England  and  the  Sables  de  Braohenz ;  and 
(2)  an  upper  division  of  marls,  containing,  besides  some  of  the  marine 
shells  fonnd  in  the  lower  division,  numerous  remains  of  a  terrestrial 
T^etation  (jChmwnda  eoeenica^  Chamsecyparia  belgica^  Poaciie$  latisaimua^ 
and  species  of  Quercw^  ScUix,  Cinnamomwm^  Laurua,  Viburnum,  Eedera. 
AraUa,  &o.)3 

The  **  Syst^me  Landenien,"  corresponding  to  the  Thanet  and  Wool- 
wich and  Beading  beds  of  England  and  the  Sables  de  Bracheuz,  Argile 
plastique,  and  Lignites  du  Soissonnais  of  France,  is  divisible  into  two 
stages :  Ist,  Lower  marine  gravels,  conglomerates,  sandstones,  marls,  <fea, 
wiui  badly  preserved  fossils,  among  which  are  Turriietta  hellovacina^ 
ChteMaea  decmsata  {crassaiina),  Cardium  Edwardsi,  Cyprina  planata,  Chr- 
hula  reguUnenns,  Pholadomya  Konincki  ;  2nd,  Upper  fluvio-marine  sands, 
sandstones,  marls,  and  lignites  containing  Melania  inquinata,  MelancpaU 
buednaidei,  Ceritkium  funatwn^  Ostrea  heUovacina,  Cyrena  cuneiformU^  with 
leaves  and  stems  of  terrestrial  plants. 

The  *'  Syst^me  Ypresien  "  consists  of  a  great  series  of  clays  and  sands 
answering  generally  to  the  London  Clay,  but  not  represented  in  France. 
It  is  divided  into  two  stages :  Ist,  Lower  stiff  grey  or  brown  clay,  some- 
times becoming  sandy,  and  probably  an  eastward  extension  of  the  London 
Clay.  The  break  between  this  deposit  and  the  top  of  the  Landenian 
beds  below  is  regarded  as  filled  up  by  the  Oldhaven  oeds  of  the  London 
badn.  The  onlv  recorded  fossils  are  foraminifera  agreeing  with  those 
of  the  London  Clay.  2nd,  Upper  sands  with  occasional  lenticular  inter- 
calations of  thm  greyish-green  days,  with  abundant  fossils,  the  most 
frequent  of  which  are  NumnnUites  planukUa  (forming  aggregated  masses), 
TurriiMa  edita,  T.  hyhrida,  Vermetus  hognoreiuis,  Aden  comeua,  Fedun- 
adu$  decu$$a(u8y  Lucina  squamula^  Ditrupa  plana.  Out  of  72  spedes  of 
molluscs,  45  are  found  also  in  the  Sables  de  Cuise  and  20  in  the  London 
Clay^ 

The  **  Syst^me  Panisdien,"  so  named  from  Mont  Panisd  near  Mens, 
consists  diiefly  of  sandy  depodts  not  markedly  fossiliferous,  but  contain- 
ing among  other  forms,  BasieUaria  Jissurella^  Vduia  elevata,  Turritella 
D&ont,  Cyikerea  ambigua^  Lucina  gquamula.  Out  of  129  spedes  of  mollusca 
found  in  this  depodt,  91  appear  in  the  Sables  de  Chiise  and  only  86 
pass  up  into  the  Calcaire  Orossier.  Hence  the  Panisdian  beds  are  placed 
at  the  top  of  the  Lower  Eocene  stages  of  Belgium. 

Middle. — This  dividon  in  the  Paris  basin  is  formed  by  the  cha- 
racteristic, prodigioudy  fossiliferous  Calcaire  Grosder,  which  is  sub- 
divided as  under  :^ 

>  Briart  et  Comet,  MAn,  Cowrann,  Acad,  Bay,  Bda,  xxxvi.  (1870) ;  xxxrii.  (1878) ; 
xHii.  (1880).  Mourlon,  QtcIL  Belg.  1880,  p.  192.  HAert  {Ann,  Seimoes  Choi,  iy.  1873, 
p,  15)  has  noticed  an  affinity  to  thejippermost  CretaocKDUB^^uina  of  Paris. 

8  I 
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*  De  Saporta  et  Marion,  Mem.  Cour,  Aead.  Belg,  xll  (1878). 
»  Monrlon,  OeoL  Belg,  p.  211. 

*  DoHfoBS,  BuU.  Soe,  QM.  Frumee.  3e  s^r.  vi.  (1878),  p.  269. 
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So 


Upper  sub-group 
with  Cardiwnob' 
Uquum  9Xid  Cert' 
ihium  denHeukt- 


middle  sub-group 
with  LueinaicuD' 
ontm  and  Jf {{tola. 


4.  Limeetone  with  Cardium  obUquum  and  Ceriikhim 
BlanviOL 

3.  Limestone  with  Cerilhium  dentieulatmm  and  C 

cridatum. 
2.  SilioeouB  limestone  with  undetennined  fonoB  of 

PGUtmide$, 
,1.  Ooral  Umestone  (£l%loe«nfd). 

4.  SilioeouB  limestone  with  parting  of  laminated 

marl. 
8.  Limestone  in  small  thin  boards  with  Cofhmia 

(Bochette). 
2.  Limestone  with  MUiola  and  Lwsina  taaoontm 

(Boobe). 
1.  SiUoeous  limestone  with  indetenninate  foamla 

(Bancs  fraoos). 


Lower  sub-group 
with  CerUhium 
lapidum  and  Jf t- 
Itoto. 


4.  Limestone  (dolomitic)  with  MtUola  (Cliqaari). 

(Green  marl  .         .         .  | 

Siliceous  limeetone  in  two  beds  >Blano  vert 
Green  marl  .) 

2.  Miliola  limestone  (dolomitic)  (Saint  Nom). 
1.  Silioeous  limestone  with  Poianddeg. 


\ 

5.  Limestone  with  Luotna  conoentrica.  Area  bofio* 
(ttlo,  Ckurdium  avietdare,  MiUola,  &c 

4.  Limestone  with  (MntolUet,  Fuiw  ImOnforwm, 
Volvaria  }mUoide$,  Cardium  gnmultmtm^  Area 
qttadrilatercL,  seyeral  species  of  laige  Fim^ra 
or  Membranipora. 

<  9.  Limestone  with  Fabnlaria  and  terrestrial  Tege- 

tation  (OrbUolite$  con^pianaia,  Chmma  ea&a- 

nUa^  Cardita  tmMooto,  icoX 

2.  Mass  of  Miliola  limestone  {Twritdla  ioArica- 

taria,  Chama  calcareUOt  Ludna  mutabiUa^  Ac). 

1.  Limestone  with  MiUola  and  Tertbraimla  (T.  6M- 
nuala). 

5.  Glauoonitic  calcaire  grossier  witii  Cerifhiwm  ^ 
gattteum, 

4.  Glauconiticcalcareous  sand  with  Xeiift<a|Ni<«B^iru. 
8.  Sandy  glauconitic  calcaire  grossier  with  Cordnm 
ponuoBum, 

2.  Sandy  glanconitio  calcaire  groesier,  with  Nwrn^ 
muHtet  ImvigcUa,  N.  BoabrOy  (ktrea  mHUnxmiata^ 
0.  flabdlula,  Ditrupa  plana, 

1 .  Glauoonitic  sand,  sometimes  calcareous  and  indu- 
rated, with  pebbles  of  gremi  quarts,  sfaaiiDi* 
teeth,  and  rolled  fragments  of  conJ. 

In  Belgitim  the  middle  Eocene  presents  a  different  aspect  from  tlttt 
of  Paris,  approximating  rather  to  the  English  type.  It  consists  of  (1)  a 
lower  set  of  sandy  beds  grouped  tinder  the  name  of  •*  Bmrellian,"  rich  ib 
fossils,  which  however  are  usually  badly  preserved.  Among  tiiie  foraa 
are  remains  of  terrestrial  vegetation  (Nipadites  Burtint),  aAao  Paratytdkm 
crasgus,  Maretia  grignanensis,  Pyripora  contesia,  Osirea  eymbula^  CardiU 
decusscUa,  Chama  calcaraia,  Cardium  porulomm,  Ceritkium  tmituleoimm, 
Natica  labellata,  Valuta  Uneola,  Anciuaria  buceinoide$,  Fugus  lotkfmmt, 
numerous  remains  of  fishes,  especially  of  the  genera  MjfUcbaie*^  OtodtM, 
Lamna,  Oaleocerdo,  and  various  reptiles,  including  species  of  Triim^  and 
CheUmia  with  Emys  Camperi,  Gaviali$  Dixoni,  and  Patseopkig  i^hemi; 
(2)  a  group  of  sands  and  fossiliferous  calcareous  sandstonee  (**  Leke- 
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nien'*),  made  up  of  Ditrupa  strangulata  and  NummuUte$  (N,  leBvigala,  N. 
Bcabra^  N.  Heberii,  N.  variolaria\  and  abounding  in  Anamia  mihlmvigata. 

Upper. — ^In  the  Paris  basin  this  subdivision  consists  of  the  following 
stages:^ 

'Gjpsam  with  nodules  of  Bilica  (menillte).  and  containing  marine  fossils 

(Oerithium  tHearinaium,  C,  pUurotomoideif  TurrUetta  inoerta), 
Tdlow  marls  with  Lueina  inomata. 
Oypsnm,  saooharoid  and  omtallized,  with  biown  marls. 
Teuow,  brown,  and  greenish  marls,  with  Phctadomya  ludemii^  Ora$$aieBa 

DetmaretU,  &e, 
'Green  sands  of  Monoeanx  (Cerithium  Cordieri,  C.  irioarinatumt  NaHea 

parinentis), 
Lmiestone  of  Saint  Onen— a  marly  fresh-water  rook  20  to  26  feet  thiols 

composed  of  two  zones^  the  lower  ftill  of  Byihinia,  and  the  upper 

abounding  in  LffiifMsa. 
Sandi  of  Mortefontaine  (Avieula  Defraneei), 
Sands  and  sandstones  of  Beanchiunp  {CerUkium  tcdlaroideB,  0.  Bouei, 

Mdamia  hordaeeOt  Oyrena  deperdita,  PlanorbU  nUidului^  kc). 
Sands,  fto.,  ^th  NtmrnuUtM  variciaria^  OitfM  donaiat  Oyrena  deperdUot 

corals,  Lamna  eUgans,  Otodui  obiliquu$t  &0. 

Northwards  in  the  Belgian  area,  near  Bmssels,  the  hiffl^est  Eooene 
strata  oonsist  of  sands  and  ^oareons  sandstones  ("  Wenundien  "\  sepa- 
rated from  tiie  similar  LsBkenian  beds  below  by  a  ^vel  Ml  of  Nurnnm^ 
lUe$  variolaria.  Other  common  fossils  are  Turhtnolia  tulcaia^  CMMa 
pisum^  CardUa  sulcalaf  TwnriieUa  hrevis^  Funu  hngwcu$» 

Sonthem  Europe. — ^The  contrast  between  the  fiioies  of  the  Greta* 
ceons  system  in  north-western  and  in  southern  Europe  is  repeated  with 
even  greater  distinctness  in  the  Eocene  series  of  deposits.  From  the 
P|yrenees  eastwards,  through  the  Alps  and  Apennines  into  Greece  and 
the  sonfchem  side  of  the  Mediterranean  basin,  through  the  Carpathian 
Mountains  and  the  Ballatn  into  Asia  Minor,  and  thence  tlurough  Persia 
and  the  heart  of  Asia  to  the  shores  of  China  and  Japan,  a  series  of 
massiye  limestones  has  been  traced,  which,  from  the  abimdance  of  their 
characteristic  foraminifera,  have  been  called  the  Nummulitic  Limestone. 
Unlike  tlie  thin,  soft,  modem-looking,  undisturbed  beds  of  the  Anglo- 
Parisian  area,  these  limestones  attain  a  depth  of  sometimes  seyeral 
thousand  feet  of  hard,  compact,  sometimes  crystalline  rock,  passing  even 
into  marble,  and  they  have  been  folded  and  fractured  on  such  a  colossal 
scale  that  tlieir  strata  have  been  heaved  up  into  lofty  mountain  crests 
sometimes  10,000,  and  in  the  Himalaya  range  more  than  16,000,  feet  above 
the  sea.  Wit^  the  limestones  is  associated  the  sandy  series  Imown  as 
Nummulite  sandstone.  The  massive  unfossiliferous  Vienna  sandstone 
and  Flysch,  already  referred  to  as  probably  in  part  Cretaceous,  may  klso 
belong  partly  to  Eocene  time.  O^e  of  the  most  remarkable  features  of 
these  Alpine  Eocene  deposits  is  the  occurrence  in  them  of  gigantic  erratics 
of  various  crystalline  rocks.  As  far  east  as  thenei^hboum^  of  Vienna, 
and  westward  at  Bolgen  near  Sonthofen  in  Bavana,  near  Habkeren  and 
in  other  places,  blocks  of  granite^granitite,  and  gneiss  occur  singly  or  in 
groups  in  the  Eocene  strata.  These  travelled  masses  appear  to  have 
most  petrographical  resemblance,  not  to  any  Alpine  rocks  now  visible, 
but  to  tJie  Archaean  masses  in  southern  Bohemia.  Their  presence  seems 
to  indicate  the  existence  of  glaciers  in  the  middle  of  Europe  during  some 


See  DoUfoss,  Op.  eit. 
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part  of  the  Eooene  age.  One  of  the  most  remarkable  Eocene  deponts  of 
the  Alpine  region  is  the  coal-bearing  group  of  Haring,  in  the  Korthera 
Tyrol,  where  a  seam  of  coal  occurs  which,  with  its  partings,  attains  a 
thickness  of  32  feet. 

The  Nummnlitio  series  has  been  divided  into  stages  in  different 
r^ons  of  its  distribution,  and  attempts  have  been  made  by  meaiis  of 
the  indnded  fossils  to  parallel  these  stages  in  a  general  waj  with  the 
subdivisions  in  the  Anglo-Parisian  basin.  But  the  conditions  of  depon- 
tion  were  so  different  l£at  such  correlations  must  always  he  reeardad  as 
only  wide  approximations  to  the  truth.  In  the  Northern  Alps  ^Bavaria« 
Ac.)  G&nbel  arranges  the  Eocene  series  as  under : ' 

FHioh  or  Yieana  nndaloiie  (upper  EooeneX  inoloding  joaskgot  Kiii— nliU 

bediMidHiruigbedB. 
Lofwer  Nomiiiiilitio  gnmp.    Kreflnobecg  beds— greeoiah  nndy  alrala  aboo&d- 

ing  in  foesUa,  which  on  the  whole  point  to  a  conegpoodepce  with  the  Cbkmire 
-  GioMier. 
Borbeig  beds— gieeoMnd  with  amall  Nanunnlitet  and  JBxogjfra  Jhi\m$mmtU^ 

aufwmng  ponibly  to  the  upper  part  of  the  lower  Eooene  beds  of  the  Anglo- 

Farisianarea. 

In  the  Southern  and  South-Eastem  Alps  the  Eocene  rocks  attain  a 
much  larger  development.    The  following  subdivisicms  in  ~ 
order  have  been  recognised  :^ 

I  g  I  Maoigno  or  TasseUo^  having  the  usual  diarseter  of  the  Vienna 

g;S  {     stone.    No  fossils  bnt  fnooids. 

l^S  I  FosaliftiroiiB  osleareous  mark  and  shales,  and  thick  congkanente^ 


ii 


Chief  Nmnmnlite  limestone,  oontsining  the  most  abonduit  and  Taried 

doTelopment  of  nnmmnlites,  and  sttaining  the  thickest  bmms  sad 

widest  geogmphicsl  range. 
Borelis  (AiYeolina)  limestone,  containing  numeroos  large  foraminifeta  of 

the  genns  Borelw. 
liower  Nmnmnlite  limestone,  with  smsU  nnmmnlites,  and  in  maay 

places  banks  of  oonds. 
Upper  Foraminiferal  limestone,  containing  also  interealations  of  ftcak- 

water  beds  (Cftani). 
Oosina  beds,  with  a  peculiar  fresh-water  fieiana  {SUnmaiopm, . 

CJbara,fto.). 
Lower  Foiaminifenl  limestone,  with  nnmeroas  marine  moUnsoafjl 

CtrUkimm,  ftc),  and  with  ooosiional  becb  of  fredi-wafar  fin 

(Cftom,  MeUmtt^  Ac). 

India,  fto. — As  above  stated  the  massive  Nummulitic  Kwyfj^^r^ 
extends  throueh  the  heart  of  the  Old  World,  and  enters  largdy  into  the 
structure  of  the  more  important  mountain  chains.  In  India  a  tolerably 
copious  development  of  Eocene  rocks  has  been  observed,  but  it  is  not 
quite  certain  where  their  upper  limit  should  be  drawn  to  place  thea  oa 
a  iNurallel  with  the  corresponding  groups  in  Europe,  llie  foUowiag 
suodivisions  in  descending  order  are  obscSrved  in  Sind :' 

Nari  aioup.    Bsndstones  without  marine  fossils,  and  probably  of  frssli-wnav 
oricm,  4000  to  6000  feet,  rqiresenting,  peihaps,  upper  Eooene  and  OUgowjns 
or  lower  Miocene  btids  of  Europe. 
Kssanli  and  Dmgshsi  groups  of  snb-Himalajaa 


•  Von  Hsnsr,  O^otogie,  p.  509.  r-  -n^ 

•  Medlicott  and  Blaaford's  C?<«4o9y  0/ .fiMUa,  chi^  alz. 
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Kirthar  group.  A  marine  limestone  formation  in  general,  bat  passing  locally 
into  sandstones  and  shines.  The  upper  limestones  contain  NttmmulUes 
garaMensiSj  N.  tMsevigata, 

Nummulitic  limestone  of  Sind,  Punjab,  Assam,  Burmab,  &c.    Subathif  of 
sub-Himalayas,  Indus  or  Sbingo  beds  of  Western  Thibet. 
Banikot  beda--sandstone8,  shales,  clays  with  gypsum  and  lignite,  1500  to  2000 
feet;  abundant  marine  fauna,  including  NvmmulUf  sptro,  2f,  urregulari$^ 
N.  LeymerieL 
Lower  Nummulitic  group  of  Salt  Bange. 

North  America. — Tertiary  formations  of  marine  origin  extend  in  a 
strip  of  low  land  along  the  AUantic  border  of  the  United  States,  from 
the  coast  of  New  Jersey  southward  round  the  margin  of  ^e  Gulf  of 
Mexico^  whence  they  run  up  the  valley  of  the  Mississippi  to  beyond  the 
mouth  of  the  Ohio.  On  the  western  sea-board  they  aLso  occur  in  the 
coast  ranges  of  California  and  Oregon,  where  they  sometimes  have  a 
thickness  of  3000  or  4000  feet,  and  reach  a  height  of  3000  feet  above  the 
sea.  Over  the  Rocky  Mountain  region  Tertiary  strata  cover  an  exten- 
sive area,  but  are  chiefly  of  fresh- water  origin.  The  following  are  the 
subdivisions  into  which  they  have  been  grouped,  together  with  their 
supposed  European  equivalents : 

8.  Sumter  aeries = Pliocene. 

2.  Torktown  „   =  Miocene,  with  perhaps  part  of  Pliocene. 

1.  Alabama  „  =Boo6ne. 

Alabama  Oroup. — ^As  the  name  implies,  this  mmp  is  well  developed 
in  the  State  of  Alabama,  where  it  consists  of  me  following  two  sub- 
groups in  ascending  order, — (1)  the  Claybome  beds  —  clays,  marls, 
umestones,  lignite,  and  sands;  and  (2)  the  Yicksbur^  beds — lignitic 
days,  limestones,  and  marls, — ^the  whole  attaining  a  thickness  of  nearly 
250  feet.  But  the  strata  thicken  into  South  Carolina.  The  fossils  of 
the  Alabama  group  in  the  eastern  States  comprise  numerous  sharks,  some 
of  which  are  specifically,  and  more  are  generically,  the  same  as  some  of 
the  English  Eocene  forms,  such  as  Lamna  degans  and  Carcharodon  mega- 
lodon ;  also  bones  of  several  crocodiles  and  snakes. 

Over  the  Bocky  Mountain  region  and  the  vast  plateaux  lying  to  the 
*west  of  that  range  the  older  Tertiary  beds  consist  mainly  of  lacustrine 
strata  of  great  thickness,  wherein  the  following  subdivisions  in  descend- 
ing order  have  been  established : 

4.  Uinta  group  (400  feet)  or «« Diplaoadon  beds.'* 
8.  Bridger  group  (5000  feet)  or  **  Deinooeras  beds." 
2.  Green  River  group  (2000  feet). 
1.  Wahsatoh  (Vermilion  Creek)  group  (5000  feet). 

The  extraordinary  richness  of  these  strata  in  vertebrate  and  particu* 
larlv  mammalian  remains,  already  referred  to  (p.  842),  has  given  them  a 
high  importance  in  geological  and  paleeontological  history. 
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Section  IL — Oligocene. 

§  1.  General  Characters. 

The  term  ^  Oligocene  "  was  proposed  in  1854  and  again  in  1858 
by  Professor  Beyrich^  to  include  a  group  of  strata  distinct  from  the 
Eocene  beds  of  France  and  Belgium,  and  which  Lyell  had  claaaed 
as  *'  Older  Miocene."    They  consist  partly  of  terrestrial,  partly  of 


Fio.  407.— OuaooBNB  Plants. 


a,  Seqiioia  Langadorfii  (Brongn.)  (})  (from  Heer'a  Flar.  Tert  Helweiu^  i.  pL  21) : 
5.  ^ra  LyeUii  (Forbes)  (V). 

fresh-water  and  brackish,  and  partly  of  marine  beds,  indicating  cob- 
siderable  oscillations  of  level  m  the  European  area.  They  coiia^ 
quently  present  none  of  the  massive  deeper-water  characters  so 
conspicuous  in  some  of  the  Eocene  subdivisions.     Among  other 


Fig.  408. — Oligooknk  Lamkllibrancbb. 

a,  Cytherea  mcraasata  (Sow.)  (]) ;  6,  Ostrea  ojathnlA  (L«m.)  (});  e,  Gstim  flabfiWi 

(Lam.)(D. 

geomphical  changes  of  which  they  preserve  the  chronicles  is  the 
evidence  of  the  gradual  conversion  of  portions  of  the  sea-floor  over 
the  heart  of  Europe  into  wide  lake-basms  in  which  thick  lacastrioe 

•  MonaUbencht^  Akad.  Berlin,  1854,  pp.  640-^66,  1858,  p.  51. 
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deposits  were  accDmuIated.     Some  of  these  lakes  did  not  attain 
their  fullest  development  until  the  Miocene  period. 

The  Oligocene  flora  according  to  Heer  is  composed  mainly  of  an 
evergreen  vegetation  and  has  characters  linking  it  with  the  living 
tropical  floras  of  India  and  Australia  and  with  the  subtropical  flora 
of  America.     It  includes  some  ferns^  fan-palms^  and  featner-palms 


a  ho 

Fio.  409. — Oliooosnb  Gastebopoos. 

a,  PlanorbiB  euomphalus  (Sow.)  (]) ;  6,  Cerithiam  plicatum  (Lam.)  (j);  c,  PotamideB 
cinctus  (Sow.)  (]) ;  d,  Limnfea  longiscata  (Brongn.)  (]). 

(8(Aal^  PJujenicites),  a  number  of  conifers  (Sequoia,  &c.),  cinnamon 
trees,  evergreen  oaks,  custard-apples,  gum-trees,  spindle-trees,  oaks, 
figs,  laurels,  willows,  vines,  and  proteaceous  shrubs  (Dryandra, 
ihryandroides). 

Among  the  mollusca  some  of  the  more  important  genera  are 
Oitrea,   Pecten,  Nuevla,  Astarte,   Cardium,    Oytnerea,    CaneMma, 


FiQ.  410. — Anoplothxbium  ooimuNB  (Guv.) 

MureXy  Fusus,  Typhis,  OassiSy  FlewroUma,  Oonus^  VcliUOf  Cerithium, 
Mdania,  Planorhts.  Numerous  remains  of  birds  have  been  found  in 
the  lacustrine  beds  of  the  Department  of  the  AUier,  no  fewer 
than  66  species  having  been  described,  which  comprise  parroquets, 
trogons,  flamingoes,  ibises,  pelicans,  marabouts,  cranes,  secretary- 
birds,  eagles,  grouse,  and   numerous   gallinaceous  birds — a  fauna 
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reminding  os  of  that  of  the  lakes  in  Southern  Africa.^  The 
malia  increase  in  variety  of  forms.  According  to  Graadry  the  follow- 
ing chronological  sequences  of  appearances  and  disappearances 
daring  the  Oligocene  period  have  been  noted : ' 


Appearaooe  of  the  genera  Bhinooeroi  (?},  Tapir,  PalmoAtenu, 
smew,  PUnomrex,  Mymuraefkney  11KM6.  miuk-imt,  LuiriiiiM^ 
Paboonpeteris,  TetracuB.  DiBappearanoe  of  Paimoihaimm, 
Anoph&erittim,    Beign  of  Hyoptiamfu  and  AnthraeoOmrimm. 


Appeannce  of  the  genera  CadurcoiheriuwijHfraekiu9y  Emtdodom^ 
Anthraeoiherim^  Daarytherium^  Ckaiieothenwmj  TragmUumt^ 
Lopkiomayz,  Hjfomom^ut  (?),  (TeloeiM,  Drtmotkaimmy  ner- 
eiUkeHwm,  dog  (?),  ciTei,  martin,  PUticUt^  PUtiogmk, 
JSbarogdUj  Blwtolophuif  Necrolemur. 


Appearance  of  the  genera  opoMom,  Ckxropotamtu,  TapirwImM, 
AnopioiheriufR^  Eurytherium^  Cainotherium^  AmekUopkmg^ 
Aeoihendmmj  Ceboehcenu,  Xiphodon,  Atnphimerfz^  Plemar^ 
tomffs,  dormonae  (?),  Treehomy$,  GulHkylax  (?),  Hfitmodom, 
Adafu,  Bei^  of  pachyderms.  The  camiToim  have  s^ 
partly  matsopud  charactera. 


S  2.  Local  Deyelopment. 

Britain. — Oligocene  strata  are  but  sparingly  developed  in  this 
country.  Thev  occur  in  the  Hampshire  basin  and  Isle  of  Wight,  i«si- 
ing  conformably  upon  the  top  of  the  Eocene  deposits,  and  consisting  of 
sands,  days,  marls,  and  limestones,  in  thin-bedded  aJtemations.  Then 
strata  were  accumulated  partly  in  the  sea,  partly  in  braddah,  and  partly 
in  fresh  water.  They  were  hence  named  bv  Edward  Forbes  **  the  flurx^ 
marine  series,"  and  were  subdivided  by  him  as  under,  in  desoendiiig 
order:* 


Hem]Miwd  Bod*.— Oorbuk  beds  (marine).  Brown  and  greeniah 
ncidnlar  days  and  sheUy  beds  {CcrbvJa  tedetms,  0.  ptmai,  Cfrmt^ 
temUtriaia,  Cerithiwm  pUoatum^  Oyprids,  fto.)      .... 

Upper  fresh-water  and  estuary  mBiU—{CeHikimm  pl»eo/iisi, 
Corhula  veeteimt,  Cerithium  eiegam»^  C}frena  9emuiriata^  EuehUma 
{Riifoa)  ChoMtdUy  MeUmia  Nfdii  iii\/lata\  Unio  Autieni^  kc) 

Middle  fresh- water  and  estuary  marls. — {Cyrtna  temutriata^ 
Paiudina  tenia,  CerUhium  Sedgwiekii,  Meiania  /aBciaia,  Pamopma 
minor,  P.  Oiblfmi,  Ac.) 50ft. 

Lower  fresh-water  and  estuary  marls.— TJIfelaiita  wmrioaia,  Jfa- 
Ia«ofMu  eartnoto,  EudiUut  {Ristoa)  ChajMu,  Palmdina  JsJOo,  with 
Chora,  Oyro(fOttiie$,  and  other  aqoatio  and  terrestrial  plants)  .    6Sft 


9ft  SiA. 


4<Mt 


*  A.  Hilne  Edwards,  Oiteaux  Fot$iUit.    Bmrd  Dawldns,  Early  Mam  in  BriimU,  pw  M. 
'  Let  EntkainemenU  du  Monde  Animal,  1878,  p.  4. 

•  In  the  work  already  cited,  p.  848.    They  were  classed  as  Upper  Bnceno. 
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Bembridge  Beds. — ^Bembridge  marlB  {Polamaelis  (^Mdania)  twnilvs' 
nrna^  Cerithium  mutabile,  Cyrena  pulohra^  OUrea  veetentii)   .  62fl. 

Limestone  {Limnssa  longiieata,  Hyalima  (Hdix)  d^Urbani,  Udix 
oooImmi,  Planorbis  obtunu,  P.  oligyratus,  Cydotw  einetus^  Amphi- 
dromui  {Bulimui)  eUipticwi) 15  to  25ft. 

Osborne  or  8t  Helen  b  Beds. — CU^s,  marls,  sands,  and  limestones 
{Chora  LyelU,  Cyrena  obovata,  Jaelanopna  oarimUoj  and  numerous 
B^edds  o{  Platuniis,  Paludina,  &G,) 70  ft 

Headon  Beds. — ^Upper,  consbting  of  clays  and  thick  beds  of  lime- 
stone, with  abundance  and  variety  of  fossils  {Poiamomyci,  Cyrena 
obovatOy  Nyttia  {Bidimu$)  poliia,  Melania  mwrioatOy  Paiudina  lenta, 
Linrnma  longiseata).  Bfidole,  containing  brackish-  water  and  marine 
foi^  {pstrea  flabeUulay  0.  caUiferaj  Cytherea  (  Venus)  incrastata^ 
C.  euborhieularu,  Pleurotoma  oaonteUay  Murex  sexdenkUw,  Valuta 
epinoent  Pisania  labiata,  AncUlaria  buceinoides,  CanceUaria  murt- 
mta,  CerUhium  ooncavum,  Ac.  Lower,  composed  of  fresh  and 
lurackish  wator  beds  with  Cyrena  qfdadiformU,  Unto  Sotandri, 
Helix,  several  species,  &c.  Among  the  more  conspicuous  fossils  of 
the  fresh- wator  part  of  the  Headon  beds  are  Planorbis  ewmphalue^ 
P,  rotundatus,  P.  lenst  and  other  species,  Limnxa  longieeata^  and 
other  species,  Paiudina  lenta;  in  the  brackish-water  beds  Pota- 
momya  planet,  and  Potamides  einetue;  and  in  the  marine  bands 
CyOierea  incraseaia 133  to  175  ft 

Considerable  interest  attaches  to  the  marine  band  forming  the  middle 
division  of  the  Headon  beds,  as  it  serves  for  a  basis  of  correlation  between 
the  English  strata  and  their  equivalents  on  the  Continent.  The  band  is 
*well  seen  in  the  Isle  of  Wight,  and  occurs  also  at  Brockenhnrst  and  other 
places  in  the  New  Forest.  It  has  yielded  up  to  the  pi^esent  time  235 
species  of  fossils,  almost  all  marine  molluscs,  but  including  also  14  species 
of  corals.  Of  these  organisms  a  considerable  proportion  is  common  to 
the  Lower  Oligocene  of  France,  Belgium,  and  Germany,  and  22  species 
are  found  in  the  Upper  Bagshot  beds.^ 

The  OliKOcene  or  fluvio-marine  series  of  the  Hampshire  basin  has 
yielded  a  few  vertebrate  remains.  Among  these  are  those  of  rays 
(Mylichatis),  snakes  (PaUeryxY  crocodiles,  alligators,  turtles  (Emys^ 
Trumyxy  numerous  species),  ana  a  cetacean  (Balsenopt€ra\  while  from  the 
Bembridge  beds  have  come  the  bones  of  a  number  of  tne  characteristic 
mammals  (Ana]doihertum,  two  species,  PcUeeotherium,  six  or  more  species, 
Chssropotammy  iHchobune^  Dichodon^  Hyopotamus,  two  species,  Lopniodon^ 
Microehatrus,  Hyracotherium).  The  top  of  the  flnvio-marine  series  in  tbe 
Isle  of  Wight  has  been  removed  in  denudation,  so  that  the  records  of  the 
rest  of  the  Oligocene  period  have  there  entirely  disappeared. 

It  has  been  hitherto  customarv  to  consider  as  Miocene  certainplant- 
bearing  strata,  of  which  a  small  aetached  basin  occurs  at  Bovey  Tracey, 
Devonuiire,  but  which  are  mainly  distributed  in  the  great  volcanic 
plateaux  of  Antrim  and  the  west  of  Scotland.  These  strata  have  been 
regarded  as  equivalents  of  what  are  now  termed  OHgooene  beds  on  the 
Continent.  At  the  Bovev  Tracey  locality,  which  is  not  more  than  80 
miles  from  the  Eocene  leaf-beds  of  Bournemouth  and  the  Isle  of  Wight,  a 
0maJl  but  interesting  group  of  sand,  clay,  and  lignite  beds,  from  200  to 
300  feet  thick,  lies  l^tween  the  eranite  of  Dartmoor  and  the  Greensand 
hills,  in  what  was  evidently  the  nollow  of  a  lake.  From  these  beds  Heer 
of  Zurich,  who  has  thrown  so  much  light  on  the  Tertiary  floras  of  both 

>  A.  Ton  Koenen,  Q.  /.  OeoL  8oc,  xx.  (1864),  97.  Dnnoan,  Op.  cit,  xxvi.  (1870^ 
p.  66.  J.  W.  Judd.  6^.  ctt  zxxyi  (1880),  p.  187.  H.  Keeping  and  B.  B.  liwnv. 
bp.  cU.  xxxTiL  (1881),  p.  85.  ^* 
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the  Old  World  and  the  New,  has  deeoribed  about  50  spedee  of  pLanfei, 
which,  he  says,  place  this  Devonshire  group  of  strata  on  the  same  geolo- 
gical horizon  with  some  part  of  the  Molasse  or  Oligocene  (lower  Miocene) 
groups  of  Switzerland.  Among  the  species  are  a  number  of  fens 
{Lastrsea  diricica,  Pecopteria  (Osmundd)  lignitum,  &cS);  some  oomfien* 
particularly  Sequoia  Couttsiee,  the  matted  debris  of  which  forms  one  of 
the  lignite  beds ;  cinnamon  trees,  evergreen  oaks,  custard-apples,  eucalyp- 
tus, spindle-trees,  a  few  grasses,  water-lilies,  and  a  palm  (PoZauiAtof). 
Leaves  of  oaks,  figs,  laurels,  willows,  and  seeds  of  grapes  have  also  been 
detected — ^the  whole  vegetation  implying  a  subtropical  dimate.^  More 
recently,  however,  Mr.  Starkie  Garaner  has  expressed  the  opinioii  that 
this  flora  is  on  the  same  horizon  as  that  of  Bournemouth,  that  is,  in 
the  middle  Eocene  group.^  If  this  view  be  established  the  voloamo 
rocks  of  the  north-west,  with  their  leaf-beds,  may  be  also  releei^ed  to 
the  Eocene  period.  In  the  meantime,  however,  they  are  placed  in  the 
Oligocene  series  as  probable  equivalents  of  the  brown-coal  and  niolaae 
of  the  Continent.  These  leaf-beds  occur  in  thin  local  patdies  inters 
calated  among  the  great  basalt-sheets  already  referred  to  (p.  258).  Tht 
plateaux  of  Antrim,  Mull,  Skye,  and  adjacent  islands  are  compoeed  of 
successive  outpourings  of  basalt,  which  are  prolonged  through  the  Faroe 
Islands  into  Iceland,  and  even  far  up  into  Arctic  Greenland.  In  Ireland 
the  basalts  attain  a  maximum  thickness  of  900  feet;  in  Mull  about 
3000  feet.  They  are  associated  with  tuffs,  pitchstones,  trachytes,  and 
granitoid  rocks,  but  more  especiallv  with  a  prodigious  number  of  basalt 
dykes,  which,  as  already  stated  (pp.  268,  555),  probably  occupy  the 
fissures  up  which  the  basalt  of  the  plateaux  rose.  It  is  evident  thai 
long-continued  and  vigorous  volcanic  action  took  place  in  these  north- 
westem  regions. 

Paris  Basin. — In  this  area,  where  a  perfect  upward  pasMge  is 
traceable  from  the  Eocene  into  the  Oligocene  beds,  the  latter  are  coat- 
posed  of  the  following  subdivisions  :^ 


^ 


i 


Metdi^res  de  MontmoreDoy,  veiy  hard  ailioeoiifl,  oeUukr,  foMOifwoai;, 
fresh-water  Umestones  employed  for  mUlstones  (Ltmiun,  Bftkimim^ 
PlanorbUt  Valvata,  C^oro).  This  deposit  ii  replaced  towarai  tk« 
south  by  the  fresh-water  Galcaire  de  Beaoce.    (80  feet) 

Grbs  de  Fontainebleau.  Sands,  and  hard  sUioeoos  sandstones.  At  the 
top  of  this  suhdiyiskm  there  oecmi  at  Ormoy  near  ttampea  and 
elsewhere  a  hand  of  calcareous  marl  ftill  of  marine  foasila  (Cordsla 
Baxiniy  Oytherea  incroBtatOf  Lueina  B^bertiy 

'  Sables  de  Fontenaj,  Jeorre  et  Marigny,  a  thick  aooomnlatioQ  of  yeOow 
fermginoas  nnfoseiliferons  sands,  covering  a  large  area  around  IWii^ 
and  serving  as  a  foondation  for  most  of  the  new  odlilary  fecta  of 
that  locality. 

Marls  with  oysters  and  marine  molasse,  containing  at  the  faaae  a  Wd 
of  Ottrea  lonairodris,  higher  np  a  thick  bed  with  O.  cynffcwla,  aad 
at  the  top  beds  with  Cotiula  $ubpi9um, 

Calcaire  de  Brie. 

Green  marls  consisting  of  an  upper  mass  of  non*foasiliferoiis  daT,  and  a 
lower  group  of  foesiliferons  laminated  marls  (^CfHtkimm  ^icaimm, 
Psammobia  piano,  Cyrena  oonvtxa]. 


PhU.  Tram.  1862. 

**  British  Eocene  Flora,"  PaJjeonL  Soe.  1879,  p.  18. 

DoUfuss,  BulL  Soc  GM,  France,  8e  stfr.  ri  (1878),  p. ! 
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White  marls  with  Limruea  ttrigosciy  Planorhis  planulatus, 

Supra-gypeeoos  blue  marls,  with  very  few  fossils. 

Laoostrine  gypsmn  iOyp$  lacu$tre).  The  most  important  gypsum 
bed  of  Uie  Paris  basiu,  26  feet  thick,  saccharoid  in  texture,  contain- 
ing dceletons  and  bones  of  mammals,  fragments  of  terrestrial  wood, 
and  a  few  terrestrial  shells  (HdiXf  OydoBtomth  &o,).  This  deposit 
is  continuous  with  the  marine  gypsum  underneath  it  (p.  851). 


Belgitun.^ — ^The  suooession  of  Oligooene  beds  in  this  country  differs 
firom  that  of  France,  and  has  reoeiyed  a  different  nomenclature,  as 
foUowB : 


Wanting. 


White  sands  of  Bolderbeig  (Bolderian), 

Clay  of  Boom  and  NuetUa  clay  of  Bergb,  upwards  of  40  species  of 
fossils  including  Nucula  compta  {Leda  Lyelliand),  Corbula  sub- 
pufum  (=**  Septarientbon"  of  Northern  Germany). 

Cerithium  sands  of  Yieux  Jonc  (Klein  Spauwen)  and  Pectunculua 
sands  of  Bergh. 

Henis  clay.  The  fossils  in  this  clay  and  the  overlying  sands  are 
fluvio-marlne  (Cydostoma^  Suocinea,  Pupa ;  Planarbis,  LtmiuoOj 
Neritina ;  CeHthiutny  MetaniOy  BythiniOy  Cyrena), 

Sands  of  Neerepen. 

Sands  of  Grimmertingen.  The  Tongrian  deposits  contain  an 
abundant  marine  faunae  the  Egeln  beds  of  G^ermany. 


Germany.^ — In  northern  Germany,  while  true  Eocene  beds  are 
wanting,  the  Oligooene  groups  are  well  deyeloped  both  in  their  marine 
and  fresh-water  facies,  and  it  was  from  their  characters  in  .that  region 
that  Beyrich  proposed  for  them  the  term  Oligooene.  They  occupy  large 
more  or  less  detached  areas  or  basins,  with  local  lithological  and  paleeon- 
tolo^cal  yariations,  but  the  following  general  subdiyisions  haye  been 
estaolished : 


Brown-coal  deposits  of  the  Lower  Rhine,  &c.,  with  a  flora  of  less  tropical, 
Indian,  and  Australian  type,  and  more  allied  to  that  of  sub-tropical 
North  America  (^Aoer,  Oinnamomunh,  Cupretsinoxylonj  Juglan$^  Nyucit 
Pinitei,  Quercusy  &o.)  Some  marine  beds  in  this  division  contain  Ter&' 
hrcUula  grandiSj  Pecten  Janua,  P.  MUnsteri^  &o, 

'Stettin-sand  and  Septaria-clay  {SepiarietUhon),  with  an  abundant  marine 
fiiuna  (Foraminifera,  Pecten  fermistw^  Leda  deOiayesianat  Axinue  obtu- 
iu$f  Fuiut  Ktmineki,  F,  muttitulcatus,  Ac).  These  beds  are  widely 
distributed  in  north  Germany,  and  are  usually  the  only  representatives 
there  of  the  Middle  Oligoceae  deposits.  In  some  nlaces,  however,  a 
local  brown-coal  group  occurs  {Alnus  Kefenteini^  Uinnamomum  poly- 
morphum,  Popuhu  Zaadachi,  TwDodium  dubium\ 


t  Mourlon,  CML  Bdg. 

*  Beyrich,  MmMUibeHcht,  Akad,  Berlin,  1854,  p.  640, 1858,  p.  51. 
SieiUeh,  Veuteeh.  OtoL  Gee,  xix.  (1867),  p.  23.    Credner's  Qtohgw, 


A  von  Koenen, 
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'Egela  marine  beds  {Odrwi  veiUHabrumt  Area  apprndtcukUa,  Cardiia 
Dunkeriy  Oardiiim  HaHtmanni^  Cftherea  Sokmdri,  Ceritkimm  imrum^ 
PUurotoma  Beyriehi,  P.  Bubeonoidec^  Voluta  decora^  &c.,  and  oonda  of 
the  genera  TwiinoUcL,  Baianophfftiat  CaryojohyUia,  (Jtfathind), 

Amber  beds  of  Konigsberg — oontaining  a  bea  (4  to  5  roet)  of  glanconilic 
sand,  with  abundant  pieces  of  amber.  The  latter,  derived  firom  aereiml 
species  of  conifers,  have  yielded  a  plentiftil  series  of  insects,  arachnids^  and 
myriapods,  while  the  sands  contain  lower  Oligocene  marine  moUoaca. 

Lower  Brown-coal  series — sandi^  sandstones,  conglomerates,  and  olayB  with 
interstratified  varieties  of  brown-coal  (pitch-coal,  earthy  lignite,  paper 
coal,  wax-coal,  &c.\  a  single  mass  of  which  sometimes  attains  a  thickness 
of  100  feet  or  more.  These  strata  may  be  traced  intermittenUy  orer 
a  large  area  of  northern  Germany.  The  flora  of  the  brown-coal  is  largely 
composed  of  conifers  {TaxiteSf  Taxoxylon^  Cupremnoxyhn,  Seqwoia^  ftc)^ 
bot  also  with  QutfretM,  XatirtM,  Cinnamomum,  MagnoUe^  Drvandroidet, 
Ficui,  Sataafrat^  Alnu$^  Aeer,  Jnglam,  BeUda^  and  palms  {Sabal^  Ftabd- 
laria).  The  general  aspect  of  this  flora  most  resemblaB  that  of  the 
soothem  States  of  Nortn  America,  bnt  with  relations  to  earlier  txopioal 

I     floras  haying  Indian  and  Australian  affinities. 

SwitserlanoL^ — ^Nowhere  in  Europe  do  Oligocene  strata  plaj  so 
important  a  part  in  the  scenery  of  the  land,  or  present  on  the  whole  so 
interesting  and  full  a  picture  of  the  state  of  Europe  when  they  wero 
deposited,  as  in  Switzerland.  Rising  into  massive  mountains,  as  in  the 
wdl-known  Ri^hi  and  Rossberg,  they  attain  a  thickness  of  more  than 
6000  feet.  While  they  include  proofs  of  the  presence  of  the  sea,  they 
have  preserved  with  marvellous  perfection  a  large  number  of  the  plants 
which  clothed  the  Alps,  and  of  the  insects  which  flitted  throng  the 
woodlands.  They  form  part  of  a  great  series  of  deposits  which  have 
been  termed  **Molas8e"  by  the  Swiss  geologists.  The  Molasse  was 
formerly  considered  to  be  entirely  Miocene.  The  lower  portions,  how- 
ever, are  now  placed  on  the  same  parellel  with  the  Oligocene  beds  of 
the  regions  lying  to  the  north,  and  consist  of  the  following  subdivisions : 

Lower  brown-coal  or  red  Mohisse  (Aqnitanian  stage)— the  most  massive  member 
of  the  MolasBe,  consisting  of  red  sandstones,  marls,  and  conglamentes 
(Nagelfloh),  resting  upon  variegated  red  marls.  It  ccmtains  seams  of 
ligmte,  ana  a  vast  ^andanoe  of  terrestrial  vegetation. 

Lower  marine  Molasse  (Tongrian  stage)— sandstone  containing  marine  and 
brackisli-water  shells,  amon^  which  are  Odrea  eyMtda^  O,  Umgkvdrit, 
Cyrena  semislriatOy  Peetunetuus  cbovaius,  Cerithium  plieatum. 

By  hx  the  larger  portion  of  these  strata  is  of  lacustrine  orimu 
They  must  have  been  formed  in  a  large  lake,  the  area  of  which  probiU)ly 
underwent  gradual  subsidence  during  the  period  of  deposition,  until  in 
Miocene  times  the  sea  once  more  overflowed  the  area.  We  may  form 
some  idea  of  the  importance  of  the  lake  from  the  fact  already  stated,  that 
the  deposits  formed  in  its  waters  are  upwards  of  6000  feet  thick.  Thanks 
to  the  untiring  labours  of  Professor  Heer,  we  know  more  of  the  vegeta- 
tion of  the  mountains  round  tbat  lake  during  Oligocene  and  Miocene 
time  than  we  do  of  that  of  any  other  ancient  geological  period.  The 
woods  were  marked  by  the  predominance  of  an  arborescent  sub-tropical 
vegetation,  among  which  evergreen  forms  were  conspicuous,  the  whole 
having  a  decidedly  American  aspect  Among  the  plants  were  pdms  of 
American  type,  the  Califomian  coniferous  genus  Sequoia^  alders,  birches, 
figs,  laurels,  cinnamon-trees,  evergreen  oaks,  and  other  plants  (see  pp. 
862,  867). 

*  Beer's  UrwtU  der  Sekweix. 
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Central  France.— Contemporaneonsly  with  the  existenoe  of  the 
great  Swiss  Tertiary  lake,  one  or  more  large  sheets  of  fresh  water  lay  in 
the  heart  of  France.  In  these  basins  a  series  of  marls  and  limestones 
(1500  feet  thick  in  the  Limagne  d'Auvergne)  accumulated,  from  which 
have  been  obtained  the  remains  of  nearly  100  species  of  mammals,  includ- 
ing some  palaeotheres,  like  those  of  the  Paris  basin,  a  few  genera  found 
also  in  the  Mayenoe  basin,  crocodiles,  snakes,  and  numerous  birds.  This 
water  basin  appears  to  have  been  destroyed  by  volcanic  explosions,  which 
afterwards  poured  out  the  great  sheets  of  lava,  and  formed  the  numerous 
oones  and  pi^ys  so  conspicuous  on  the  plateau  of  Auvergne. 

Vienna  Basin.^ — ^This'area  contions  a  typical  series  of  later  Tertiary 
deposits,  sometimes  classed  together  as  **  Neogene.'*  At  the  bottom  lies 
a  eroup  of  marls  and  sandstones  known  as  the  **  Aquitanian  stage,"  con- 
taining occasional  seams  of  brown-coal  and  fresh-water  beds,  but  with 
intero^tions  of  marine  strata.  The  marine  layers  contain  Cerithium 
j^icatum^  0.  margar%t€ieeum,  &o.  The  brackish  and  fresh  water  beds  yield 
Melania  Escheri  and  Cyrena  lignitaria.  Among  the  vertebrates  are  Mastodon 
angu9iiden8^  M,  iapiroides^  WUnoeero»  $an9anienM^  Amphicyon  irUermediua^ 
Anckiiheriwn  aurelianense^  and  numerous  turtles.  These  strata  have 
suffered  from  the  upheaval  of  the  Alps,  and  may  be  seen  sometimes 
standing  on  end.  It  is  interesting  also  to  observe  that  the  subter- 
ranean movements  east  of  the  Alps  culminated  in  the  outpouring  of 
enormous  sheets  of  trachyte,  andesite,  propylite,  and  basalt  in  Hungary 
and  along  the  flanks  of  the  Carpathian  chain  into  Transylvania.  The 
volcanic  action  appears  to  have  begun  during  the  Aquitanian  stage, 
but  continued  into  later  stages.  Further  curious  changes  in  physical 
geography  are  revealed  b^  the  other  "  Neogene  "  deposits  of  south-eastern 
Europe.  Thus  in  Croatia  the  Miocene  marls,  with  their  abundant  land- 
plants,  insects,  &o^  contain  two  beds  of  sulphur  (jthe  upper  4  to  16  inches 
thick,  the  under  10  to  15  inches),  which  nave  oeen  worked  at  Radoboj. 
At  Hrastreig^,  Buchberg,  and  elsewhere,  coal  is  worked  in  the  Aqui- 
tanian staee  in  a  bed  sometimes  65  feet  thick.  In  Transylvania,  and 
along  the  base  of  the  Carpathian  Mountains,  extensive  masses  of  rock- 
salt  and  gypsum  are  interstratified  in  the  ''Neogene  "  formations. 

Section  IIL — Miocene. 

§  1.  General  Characters. 

The  European  Miocene  deposits  reveal  great  changes  in  the 
geography  of  the  Continent  as  compared  with  its  condition  in  earlier 
Tertiary  time.  So  far  as  yet  known,  Britain  was  a  land  surface 
daring  the  Miocene  period ;  but  a  shallow  sea  extended  towards  the 
south-east  and  south,  covering  the  lowlands  of  Bekium  and  the 
basin  of  the  Loire  and  spreading  over  the  south  of  France  so  as  to 
connect  the  Atlantic  Ocean  north  of  Spain  mth  the  Mediterranean. 
It  may  have  been  an  extension  of  the  same  sea  that  swept  along  the 
northern  base  of  the  now  uplifted  Alps,  sending  a  long  arm  into  the 

*  Saeet,  Der  Boden  von  Wim,  1860.  Th.  Fuchs,  ErUluterungen  zur  CML  Karte  der 
Umgebwtgen  Wien$,  1873,  and  papers  in  Zeitsch,  Deut»eh,  OeoL  OtteU,  1877  (p.  653) 
Jahfb,  QtoL  Beieh$an9L  vols,  xviii.  H  $eq.    Von  Haner's  Qtohgie. 
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valley  of  the  Bhine  as  far  as  the  site  of  Mayence,  which  tbea 
probably  stood  at  the  upper  end,  the  valley  draiDing  sonthward 
instead  of  northward.  From  the  Miocene  firth  of  the  Khine  a  Bern- 
strait  ran  eastwards  between  the  base  of  the  Alps  and  the  line  of  the 
Danube,  filling  up  the  wide  basin  of  Vienna  and  spreading  far  and 
wide  among  the  islands  of  south-eastern  Europe. 

Among  the  revolutions  of  the  time  not  the  least  important  in 
European  geography  was  the  continued  uprise  of  the  Alps  by  which 
the  Eocene  strata  had  been  so  convoluted  and  overthrown.  These 
disturbances  still  went  on  in  a  diminished  degree  in  ICooeDe  time. 
One  of  their  results  was  the  restoration  and  extension  of  the  wide 
lake  or  chain  of  lakes  over  the  northern  or  molasse  region  of 
Switzerland  in  which  the  red  molasse  of  Ob'gocene  time  had  been 
deposited.  The  lacustrine  deposits  accumulated  there  have  pre- 
served with  remarkable  fulness  a  record  of  the  terrestrial  flora  aad 
fauna  of  the  time. 


a  b 

Fio.  411.— HiodinB  Plants. 
a,  Liquidambar  Europnum  (Braon.)  Q) ;  h,  Cmxiaiiiomiini  Bodii  (Heer)  (]X 

The  flora  indicates  a  decidedly  tropical  climate  in  the  earlier 
part  of  the  Miocene  period  in  Europe,  many  of  the  plants  bavii^ 
their  nearest  modem  representatives  m  India  and  Australia.  Among 
the  more  characteristic  genera  are  fix&oZ,  PhoemeUe^  Liboeedtm^ 
Sequoia^  Mwrica^  QiiercuSy  Fieu$^  Launu,  Oinnanunnumy  Dtykmi, 
Persacniay  Batdcsia^  Drymdra,  OUtus^  MapnoHa^  Aeer^  Hex,  Bhammm$^ 
Jufflans,  Bhua,  Myrtw,  Iftmosa,  and  Aeaeia.  In  the  later  part  of  the 
period  the  climate,  if  we  may  judge  from  the  character  of  the  fkm, 
nad  become  more  temperate ;  for  amone;  the  more  frequent  plants  are 
species  of  Olyptostrcbus,  Betula,  PapuTus^  Carpinua,  Ulmms^  Lrnmnn, 
PerseUf  BeXy  Podoffonium,  and  Potamogeion. 

The  f  au  n  a  aflbrds  somewhat  similar  climatal  indications.  Theie 
occur  such  shells  as  Aneiilaria,  Buceinum,  Caneellaria,  Ca$9i$^  Ojfprmm^ 
Mitra,  Murex,  Pyrula,  StrombuSy  Terebra^  ArcOy  Cardiia,  Caruimm^ 
Cytherea,  Mactra,  Ostreay  Panopasay  Peeteny  Pechmeulu^  Sfcmdyhm, 
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Tape8t  TdUfMy  &c.  The  mammalian  forms  present  many  points  of 
contrast  with  those  of  older  Tertiary  time,  proboscideans  now  take 
a  foremost  place.    Among  the  more  important  generic  types  of  the 


FlO.  412.— MiOOBNB  MOLLUaCB. 


a«  Panopfta  Fanjasii  (P.  Meomrdi)  (Men.  de  la  Groye)  (I) ;  6,  PeotanculuB  glvcimeris 
(P.  piloeus)  (Linn.)  (}) ;  o,  Gardita  afflnis  (Dnj.);  d,  Tapes  gn^egana  (Partsch.)  (]). 

time  are  the  colossal  Mastodon  and  Deinolherium  (Fig.  415),  the  latter 
having  tnsks  curving  downwards  from  the  lower  jaw.  With  these  are 
associated  Bhinoeeroa,  of  which  a  hornless  and  a  feebly  horned  species 
have  been  noted ;  Anehith&riumy  a  small  horse-like  animal,  about  as 


FlO.  413.— HsLLADOTHIBnTX  DUVEBNOTI  (GAXn>RT)  (4). 

big  as  a  sheep,  surviving  from  earlier  Tertiary  time ;  Macrotherium^ 
a  nuge  ant-eater ;  Dricroceraa^  a  deer,  allied  to  the  living:  muntjak  of 
eastern  Asia,  Hyotherium,  an  animal  nearly  related  to  the  hog,  and  the 
tall  giraffe-like  HMadotheriwn  (Fig.  413)  described  by  if.  Gaudry 
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from  Attica.  A  nQmber  of  liying  genera  likewise  made  their  entry 
upon  the  scene,  snch  as  the  hog,  otter,  antelope,  beayer,  vole,  and  oat. 
8ome  of  the  most  formidable  animals  were  the  sabre-toothed  lioos 
(Madiairodus),  and  the  earb'est  form  of  bear  {Hysenardoti).     The 


Fio.  414.— Kastodon  ANOuyriDMH  (OwnrX 
Bednced  from  restoration  by  M.  Qwadrj, 

Miocene  forests  were  also  tenanted  by  apes,  of  which  several  g«:iefm 
have  been  detected.  Of  these,  PlicpUhemis  was  probably  alDed  to 
the  anthropoid  apes;  DryopUheeus  (Fig.  415)  may  haye  been  an 
anthropoid  form,  bat  is  regarded  by  Owen  as  allied  to  the  living 


Fio.  415.— Miocbib  Maiimalb. 
o,  Deinotherium  giganteum  (Kaup.)  reduced ;  b,  Dryopithecos  Fontani  (QaodrrX 

gibbons;  OreopUhecus  is  supposed  to  have  had  affinities  with  the 
anthropoid  apes,  macaques,  and  baboons,  and  a  species  of  Cokbm  u 
found  m  Wurtemberg.*  ,    .      , 

Considerable  uncertainty  must  be  admitted  to  rest  upon  the 
correlation  of  the  later  Tertiary  deposits  in  different  parts  of  Europe. 
In  many  cases  their  stratigraphical  relations  are  too  obscure  to 

>  Gttudry,  Let  RuAainemenis,  p.  806.    Boyd  Dawldim,  Earl^  Mtm  im  BrUadm,  p.  ST. 
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farnish  any  clae,  and  their  identification  lias  therefore  to  be  made 
by  means  of  fossil  evidence.  But  this  evidence  is  occasionally  con- 
tradictory. For  example,  the  remarkable  mammalian  fauna  described 
by  M.  Gaudry  from  Pikermi  in  Attica  has  so  many  points  of  con- 
nection with  the  recognized  Miocene  fauna  of  other  European  localities 
that  this  observer  classed  it  also  as  Miocene.  He  has  pointed 
out,  however,  that  in  a  shell-bearing  bed  underlying  the  ossiferous 
deposit  of  Pikermi  some  characteristic  Pliocene  species  of  marine 
moUusca  occur.  Hence,  if  we  take  marine  mollusca  as  our  guide,  we 
must  place  the  Pikermi  beds  in  the  Pliocene  series.^ 

§  2.  Local    Development. 

France. — ^True  Miocene  deposits  are  not  known  to  occur  in  Britain. 
In  France,  however,  in  the  district  known  as  Touraine,  traversed  by  the 
rivers  Loire,  Indre,  and  Cher,  there  occurs  a  group  of  shelly  sands  and 
marls,  which,  as  far  back  as  1833,  was  selected  by  Lyell  as  the  type  of 
his  Miocene  subdivision.  These  strata  occur  in  widely  extended  but 
isolated  patches,  rarely  more  than  fifty  feet  thick,  and  are  known  as 
''  Faluns,"  having  long  been  used  as  a  fertilizing  material  for  spreading 
over  the  soil.  They  present  the  characters  of  littoral  and  shallow- 
water  marine  deposits,  consisting  sometimes  of  a  kind  of  coarse  breccia 
of  shells  and  shell-fi^gments,  occasionally  mixed  with  quartz-sand,  and 
now  and  then  passing  into  a  more  compact  calcareous  mass  or  even  into 
limestone.  Along  a  line  that  may  have  been  near  the  coast-line  of  the 
period  a  few  land  and  fresh-water  shells,  together  with  bones  of  terrestrial 
mammals,  are  found,  but  with  these  exceptions,  the  fauna  is  throughout 
marine.  Among  the  fossils  are  numerous  corals,  and  upwards  of  300 
species  of  molluscs,  amone  which  the  following  are  characteristic: 
Pholas  Dujardtni^  Venus  tlathrata^  Cardium  turontcum^  Cardita  affinis^ 
Trochm  panctuUUus,  Cerithiwn  Puymarim,  Buccinum  hlesense^  B,  Bpectabile, 
with  species  of  Oyprsea^  Conus^  Murex,  Olivet^  AnciUaria,  and  FoBcioUma. 
This  assemblage  of  shells  indicates  a  warmer  climate  than  that  of 
southern  Europe  at  the  present  time.  The  mammalian  bones  include 
the  genera  Mastodon^  Bhinoeeroa,  Hippopotaimu,  Cheeropoiamua^  deer,  &o., 
and  extinct  species  of  cetaceans,  such  as  morse,  sea-calf,  dolphin,  and 
lamantin. 

In  the  region  of  Bordeaux  and  southward  to  the  base  of  the  Pyrenees, 
a  large  area  is  overspread  with  Oligocene  deposits,  equivalents  of  the 
younger  Tertiary  series  of  the  Paris  basin.  Above  these  fresh- water  and 
marine  beds  lie  patches  of  falnns  like  those  of  Touraine.  From  the 
Miocene  beds  of  other  tracts  of  the  south  of  France,  remains  of  numerous 
interesting  mammalia  have  been  obtained.  Among  these  are  Deinothe- 
rium  giganteumy  Masiodon  anguitidena,  Shinocero$  Schkiermacheri,  Maehsero' 
du8  cuUrideM,  Helladoiherium  Duvemoyi^  and  several  apes  and  monkeys 
{PliapiikecuSj  Dryopithectui), 

BelgiuHL — in  this  country  the  upper  Oligocene  strata  of  Germany 
are  absent.  In  the  neighbourhood  of  Antwerp  certain  black,  grey,  or 
greenish  glauconitic  sands  ('* Black  Crag"),  which  in  palasontological 
oharacters  have  both  Miocene  and  Pliocene  affinities,  have  been  termed 


This  poiat  is  further  referred  to  at  p.  878. 
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by  Bome  geologisU  Mio-pliooeue.  They  are  r^arded  as  diTisiUe,  in 
aso^iding  order,  into,  1st,  graydly  sands  with  cetacean  bonos  ( JXaforv- 
cetus),  fish-teeth,  Otlrea  navieularii^  FecUm  CaSkmdi,  &o.  2nd,  Sands 
with  PectunculuB  gljfcimeris  (pUomu),  drd.  Sands  with  Famopma  Fmiffami 
{Menardt).  The  two  lower  subdivisions  may  be  equivalents  of  part  of 
the  feJons  of  Bordeaux,  &c* 

Mayence  Basin. — ^In  this  area  an  important  series  of  marine, 
brackish,  and  fresh-water  deposits  occurs,  which  have  been  arranged  bv 
Fridolin  Sandberger  as  follows  :^    * 

Pliocene — 

Uppermost  brown-ooal. 

Bone-«and  of  Eppelsheim. 
Miocene — 

Clay,  sand,  &c.,  with  leaves  of  Quercu$,  &c.,  Lanbenheim. 

Limestone  with  LiiorineQa  acuta. 

Gorbieola  beds  with  Corhiada  Flaufatii, 

Centhimn  limestone  and  land-soail  limestone. 

Sandstone  with  leaves. 
Oligocene — 

Cyrena  marl  (C^ena  semvfiriata^  Cerithium  pliratnm^  C.  margarifa/^.ntjty 

Heptaria  clay  with  Leda  deshayemana. 

Marine  sand  of  Weinheim  with  Ortrea  enUifera,  Naiiea  cramttimi. 

The  lower  Miocene  beds  of  this  area  present  much  local  variatwiu 
some  beds  being  full  of  terrestrial  plants,  some  containing  fresh-water,  and 
others  braddsh-water  and  marine  shells.  Among  the  plants  are  speci**  of 
Quercus^  Uhms^  PUmera,  Cinnamomum,  Hfyriea^  &6al.  &o.  The  liuid-«&sil 
limestone  contains  numerous  species  of  Hdia  and  Pupa^  with  CfcUtiam^ 
and  Planorhis*  The  Cerithium  limestone  contains  marine  sheila,  as  Ptfwm, 
Mytihu^  Cerithium  ( C.  Bahtiiy  C.  plicatum)^  Nerita,  Among  the  Tmriosi* 
strata  bones  of  some  of  the  terrestrial  mammals  of  the  time  occur  (JCen^ 
therium,  Pakeomeryx), 

The  Litorinella  limestone,  the  most  extensive  bed  in  the  mriea.  i* 
composed  of  limestone,  marl,  and  shale,  sometimes  made  up  of  Liiorimeiim 
cumtOj  in  other  places  of  Dreisaena  {Tiehogcnioj  Congeria)  Bmitit,  or  Myti- 
lu8  Faujaeii,  Abundant  land  and  fresh-water  shells  also  occur.  Of 
greater  interest  are  the  mammalian  remains,  which  include  those  of 
Deinotherium  giaanteum,  Palmomeryx,  Micratkerium^  and  H^ppoikerimau  The 
flora  of  the  higher  parts  of  the  DtOocene  series  includes  several  speciea  of 
oak  and  beech,  also  varieties  of  evergreen  oak,  magnolia,  acacia,  styrax. 
fig,  vine,  cypress,  and  palm. 

Vienna  Basin. — Overlying  the ' Aquitanian  stage  (p.  861\  where 
that  is  present,  in  other  cases  resting  unconformably  upon  older  Tertiary 
rocks,  come  the  younger  Tertiary  or  Iseogene  deposits  of  the  Yienna 
basin — a  large  area  comprising  the  vast  depression  between  the  foot  of 
the  eastern  Alps  near  Vienna,  the  base  of  the  plateau  of  Bohemia  aad 
Moravia,  and  the  western  slopes  of  the  Carpathians.  This  timet  oonms- 
nicated  with  the  open  Miocene  sea  by  various  opening  in  dillBniit 
directions.  Its  Miocene  deposits  are  composed  of  two  duef  divir 
stages  as  follows,  in  descending  order :' 

*  Vht^tuchungen  Ober  das  Mainter  TerUarbeekm,  1863.    Dm  CmMim  dm 

Tcrti&rheckem^  1863. 

•  Von  Hauer'e  Gtoiogict  p.  617. 
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Sarmatiaa  or  Ceritliium  Stage. — Sandstones  passing  into  sandy  lime- 
stones and  clays,  or  "Tegcl"  (the  local  name  for  a  cidcareous  clay). 
According  to  Fachs  the  foUowmg  sabdiyisions  occur  around  Vienna : 

Upper  Sarmatian  T^el,  or  Muacheltegel — distingoishable  from  the  Hemals 
Tegel  below  by  an  abundance  of  shells  {Tape»  gregaria,  ErvUiaj  Cardium, 
&c.),  295  feet 

Gerithium-sand — a  yellow,  abundantly  shell-bearing,  quartz-sand — the 
main  source  of  water-supply  at  Vienna,  where  it  is  sometimes  nearly  500 
feet  thick. 

Hemals  Tegel — sand  and  gravel,  with  Cerithium,  Rie^oa,  Pcdudina,  remains 
of  turtles,  fish,  and  land  planti. 

The  Sarmatian  stage  is  characterized  by  tlie  prodigious  number  of  indi- 
Tiduals  of  a  comparatively  small  number  of  species  of  shells,  of  which  some 
of  the  most  characteristic  forms  are  Tapes  gregaria  (Fig.  412).  Maetra 
poddieoy  ErvUia  podoUea,  CerUhium  pictumy  U.  rubiginogum,  Bueeinum 
baccaium,  Troehus  podciicm,  Murex  mtMssvatus,  The  general  character  of 
the  fauna  is  that  of  a  temperate  climate,  and  is  strongly  contrasted  with 
that  of  the  Mediterranean  stage  in  the  ab:jcnce  of  the  affimties  with  tropical 
or  sub-tropical  forms,  and  even  with  those  of  the  present  Mediterranean, 
and  on  the  other  hand  in  some  curious  analogies  with  the  living  fJMma  of 
the  Black  Sea.  Corals,  eohinoderms,  bryozoa,  foraminifi^ra  are  absent  or 
very  rare,  and  the  suggestion  has  been  made  that  the  ohaiige  of  the  earlier 
Mediterranean  fauna  into  that  of  the  Sarmatian  stase  points  to  a  gp^ual 
diminution  of  the  salinity  of  the  waters  of  the  Vienna  basin,  as  has  happened 
with  the  existing  Black  Sea.  The  terrestrial  flora  is  characterized  by  some 
plants  that  survived  from  the  earlier  or  Mediterranean  stage ;  but  palms 
are  entirely  absent,  and  the  American  element  in  the  flora  is  no  longer  sur- 
passed by  the  preponderance  of  Asiatic  types. 
Mediterranean  or  Marine  Stage. — A  group  of  strata  varying  greatly  ^ 
from  place  to  place  in  petrographical  characters,  with  corresponding  differ- 
ences in  fossil  contents.  Ajnong  the  more  important  types  of  rock  the 
following  may  be  named. 

Leithakalk,  a  limestone  often  entirely  composed  of  organisms,  and  espe- 
cially of  reef-building  corals,  also  bryozoa,  foruminifera,  echini  (large  cly- 
peasters,  &o.),  large  oysters  (Pecten  IcUisnmus  is  specially  characteristic), 
bones  of  mammals,  and  sharks'  teeth.  The  Leithakalk  passes  frequently 
into  sandy  and  marly  beds,  and  into  miassive  conglomeratio  deposits  (Leitha* 
kulk-schotter  or  conglomerate). 

Tegel  of  Baden — flne  blue  clay,  richly  charged  with  shells,  especially 
gasteropods  {Pleurotmna^  CanceUarta,  Fu9u$^  &c.)  and  foraminifero. 

Marl  of  Gkkiniahren,  Grinzing,  Nussdorf,  &c— more  calcareous  than  the 
Baden  Tegel. 

Sand  of  Potzleinsdorf— a  fine  loose  sand  with  TeUinOy  Pgammobia,  and 
many  other  lamellibranchs. 

Simdstonc  of  Sievering  with  many  lamellibranchs,  especially  pectens  and 
oysters. 

These  various  strata  are  believed  to  represent  different  conditions  of 
deposit  in  the  area  of  the  Vienna  basin  during  the  time  of  the  Mediterranean 
stage.  With  them  are  grouped  certain  fresh-water  beds  (brown-coals,  &c.), 
found  along  the  margin  of  the  basin,  which  are  supposed  to  mark  some  of  the 
terrestrial  accumulations  of  the  period. 

The  characteristically  marine  fauna  of  this  stage  is  abundant  and  varied. 
It  presents  as  a  whole  a  more  tropical  character  than  that  of  the  Sarmatian 
stage  above.  Some  of  its  moUusoan  genera  are  now  restricted  to  the  warmer 
seas  of  the  globe.  The  flora  with  its  various  kinds  of  palms  had  also  a 
tropical  aspect 

Switzerland. — Immediately  succeeding  the  stmta  described  on 
p.  860,  as  referable  to  the  Oligoccne  series,  come  the  following  groups  in 
descending  order : 

Upper  fresh-water  Mokase  and  brown-coal  (Oenin^n  stage),  consistitig  of 
sandstones,  marls,  and  limestones,  with  a  few  ligmte^seams  and  fresh-water 
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alidH  and  ipfihiiting  the  remaikftble  group  of  plant-  and  inseci^iearuig  beds 
of  Oenuig<ai. 

Upper  marine  Kol— e  (Hdvetian  stage)— aandstooefl  and  calcareous  congio- 
merates,  with  87  par  cent,  of  liTing  wpeaes  of  riiells,  which  are  to  be  fbond 
partly  in  the  Hediterraneanf  and  partly  in  tropical  seas  (Peetmmeubu  gbfd- 
wterU  (piUmu)j  PamopKa  Fai^ani  (Memardi),  Comm$  veuiriamu^  kc\ 

Lower  ffub-water  or  Orey  MolMse  (MaTence  stage) — sandstones  with  abondant 
remains  of  terrestrial  regetation,  and  containing  also  an  intercalated  marine 
band  with  Cerithium  lignitttrwmy  Vami  ciathratOj  Murex  pUeatmSy  Sk, 

In  the  Oeningen  beds,  so  gently  haTe  the  leaves,  flowers,  and  fruits 
fallen,  and  so  well  have  they  been  preserved,  that  we  may  actually  trace 
the  alternation  of  the  seasons  by  the  socoession  of  different  conditions  of 
the  plants.  Selecting  482  of  those  plants  which  admit  of  comparison, 
Heer  remarks  that  131  might  be  referred  to  a  temperate,  266  to  a  sob- 
tropical,  and  85  to  a  tropical  zone.  American  types  are  most  frequent 
among  them ;  European  types  stand  next  in  number,  followed  in  order 
of  abmidance  by  Asiatic,  African,  and  Australian.  Great  numbers  of 
insects  (between  800  and  900  species)  have  been  obtained  from  Oeningen. 
Judging  from  the  proportions  of  species  found  there,  the  total  insect 
fauna  may  be  presumed  to  have  been  then  richer  in  some  respects  than 
it  now  is  in  any  part  of  Europe.  The  wood-beetles  were  specially 
numerous  and  large.  Nor  did  the  large  animals  of  the  land  escape  pre- 
servation in  the  silt  of  the  lake.  We  know,  from  bones  found  in  the 
Molasse,  that  among  the  inhabitants  of  that  land  were  species  of  tapir, 
mastodon,  rhinoceros,  and  deer.  The  woods  were  haunted  by  musk-deer, 
apes,  opossams,  three-toed  horses,  and  some  of  the  strange,  long-«xtinct 
Tertiary  ruminants,  akin  to  those  of  Eocene  limes,  "^ere  were  also 
frogs,  toads,  lizards,  snakes,  squirrels,  hares,  beavers,  and  a  number  of 
small  carnivores.  On  the  lake  the  huge  Deinotherium  floated,  moving 
himself  perhaps  to  its  banks  by  the  two  strong  tusks  in  his  under  jawis. 
The  waters  were  likewise  t^anted  by  numerous  fishes  (of  Mfhidi  32 
species  have  been  described,  all  save  one  referable  to  existing  genera), 
crocodiles,  and  chelonians. 

Greenland.^ — One  of  the  most  remarkable  geological  discoveries  of 
recent  times  has  been  that  of  Tertiary  plant  beds  in  North  Greenland. 
Heer  has  described  a  flora  extending  at  least  up  to  70^  N.  lat.,  containing 
137  species,  of  which  46  are  found  also  in  the  centml  European  Miocene 
basins.  More  than  half  of  the  plants  are  trees,  including  30  species  of 
conifers  (^Sequoia,  Tkujopnty  Salishurta^  d:c.),  besides  beeches,  oaks,  planes, 
poplars,  maples,  walnuts,  limes,  magnolias,  and  many  more.  These 
plants  grew  on  the  spot,  for  their  fruits  in  various  stages  of  growth  have 
been  obtained  from  the  beds.  From  Spitzbergen  (78°  56'  N.  lat.)  136 
species  of  fossil  plants  have  been  named  by  Heer.  But  the  latest  English 
Arctic  expedition  brought  to  light  a  bed  of  ccxd,  black  and  lustrous  like 
one  of  the  Palaeozoic  fuels,  from  81°  45'  lat.  It  is  from  25  to  30  feet 
thick,  and  is  covered  by  black  shales  and  sandstones  full  of  land-plants. 
Heer  notices  26  species,  18  of  which  had  already  been  found  in  the  Arctic 
Miocene  zone.  As  in  Spitzbergen,  the  conifers  are  most  numerous  (pines, 
firs,  spruces,  and  cypresses),  but  there  occur  also  the  arctic  poplar,  two 
si>ecie8  of  birch,  two  of  hazel,  an  elm,  and  a  viburnum.    In  addition  to 

«  Heer.  "Flora  Fossilis  Arotica,"  Q.  J.  Owl,  8oe,  1878,  p.  66.  Nordenakiold,  G«oJL 
Mag.  lii.  (1876),  p.  207.  In  this  paper  seotions  with  listi  of  the  plante  fband  in  &iitx- 
bergen  are  given. 
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theee  terrestrial  trees  and  shrubs  the  stagnant  waters  of  the  time  bore 
water-lilies,  while  their  banks  were  clothed  with  reeds  and  sedges. 
When  we  remember  that  this  vegetation  grew  luxuriantly  within  8*^  15' 
of  the  North  Fole,  in  a  region  which  is  in  darkness  for  half  of  the  year, 
and  is  now  almost  continuously  buried  under  snow  and  ice,  we  can 
realize  the  difficulty  of  the  problem  in  the  distribution  of  climate  which 
these  facts  present  to  the  geologist. 

India. — The  Oligocene  and  Miocene  deposits  of  Europe  have  not 
been  satisfactorily  traced  in  Asia.  As  already  stated,  the  upper  part  of 
tlie  massive  Nari  group  of  Sind  may  represent  some  part  of  uiese  strata. 
The  Nari  group  is  succeeded  in  the  same  region  by  the  Gaj  group  1000 
to  1500  feet  thick,  chiefly  composed  of  marine  sands,  shales,  clays  with 
gypsum,  sandstones,  and  highly  fossiliferous  bands  of  limestone.  The 
commonest  fossils  are  Ostrea  multicostcUa,  and  the  urchin  Breifnia  cart- 
naia.  Some  of  the  species  are  still  living,  and  the  whole  aspect  of  the 
fauna  shows  it  to  be  later  than  Eocene  time.  The  uppermost  beds  are 
clays  wiUi  gypsum,  containing  estuarine  shells  and  forming  a  passage 
into  the  important  Manchhar  strata.  The  Manchhar  ^up  of  Sind 
consiBts  of  days,  sandstones,  and  conglomerates,  sometimes  probably 
10,000  feet  thick,  divisible  into  two  sections,  of  which  the  lower  may 
possibly  be  Miocene,  while  the  upper  may  represent  the  Pliocene 
Sliwalik  beds  (p.  879).  As  a  whole  this  massive  group  of  strata  is  sin- 
gularly unfossuiferous,  the  only  organisms  of  any  importance  yet  found 
in  it  being  mammalian  bones,  of  which  22  or  more  species  have 
been  recognized.  All  of  these  occur  in  the  lower  section  of  the  group. 
They  indude  the  carnivore  Amphicyon  palmndicua^  three  species  of 
Mastodon^  one  of  Detnotherium^  two  of  Shinoceroa,  also  one  of  Sus^  Chalico- 
therium^  Anthrticotherium^  HyopotamuB^  Hyotheriwn^  Doreatherium  (two), 
ManUy  a  crocodile,  a  ohelonian,  and  an  ophidian.^ 

North  America. — ^The  Yorktown  group  succeeds  the  Alabama 
group  (p.  853),  and  comprises  strata  of  sand  and  day,  which  extend  over 
a  lar^e  area  in  the  seaward  part  of  the  eastern  States.  Their  organic 
remams  (comprising  molluscs,  with  remains  of  sharks,  seals,  walruses, 
whales,  &o.)  show  uiem  to  have  been  chiefly  laid  down  in  a  shallow  sea. 
Westward,  in  the  Upper  Missouri  region,  and  across  the  Rockv  Moun- 
tains into  Utah  and  adjacent  Territories,  strata  assigned  to  the  same 
geoloeioal  ^riod  have  been  termed  the  White  Biver  group.  They  were 
Slid  down  in  great  lakes,  and  attain  thicknesses  of  1000  to  2000  feet. 
The  organic  remains  of  these  ancient  lakes,  so  well  studied  by  Leidy, 
Marsh,  and  Cope,  embrace  examples  of  three-toed  horses  (AnMiKerium^ 
Miohippua^  Me9ohippu$\  tapir-like  animals,  differing  from  those  of  the 
older  Tertiary  strata  (Lopkiodan) ;  hogs  as  large  as  rhinoceroses  (^Elo- 
iherium) ;  true  rhinoceroses  {Bhinoceroa,  Hyraeodan^  Diceraiher%um\  huge 
elephantoid  creatures  allied  to  the  Deinoceras  and  tapir  {Brontoiherwm^ 
Titanoiherium) ;  also  even-toed  ruminant  ungulates,  some  aUied  to  the 
hog  (OreocUmts)^  others  like  stags  (LepUmeryx)  And  camels  (Poehrotheriumf 
ProUmertfx);  carnivores  {Cants,  Amphicyon^  Machatrodus^  Hymnodon)^ 
several  of  which  are  generically  identical  with  European  Tertiary 
wolves,  lions,  and 'bears.  Among  the  smaller  forms  are  the  remains  of 
the  earliest  Imown  beavers  {Falmocastor). 

>  Medlicott  and  Blauford'9  Geology  of  Indioj  p.  472, 
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Section  IV. — Pliocene. 

§  1.  General  Characters. 

The  tendency  towards  local  and  variable  development  which  is 
increasingly  observable  as  we  ascend  through  the  series  of  Tertiary 
deposits  reaches  its  culmination  in  those  to  which  the  name  of 
Phocene  has  been  given.  The  only  European  area  in  which  Pliocene 
strata  attain  any  considerable  dimensions  as  rock-masses  is  in  the 
basin  of  the  Mediterranean,  especially  along  both  sides  of  the 
Apennine  chain  and  in  Sicily.  In  that  region,  reaching  a  thickness 
01  several  thousand  feet,  they  were  accumulated  during  a  slow  de- 

Eression  of  the  sea-bottom,  and  their  growth  was  brought  to  an  end 
y  the  subterranean  movements  which  culminated  in  the  outbreak 
of  Etna,  Yesuyius,  and  the  other  late  Tertiary  Italian  volcanoes,  and 


n 

a  h 

Fio.  416. — PuoGENE  Plants. 
«,  Glyptostrobns  Eim^flBixs  (Brongn.)  (J) ;  6,  Hakea  exalata  (Heer). 

in  the  uprise  of  the  land  between  the  base  of  the  Apennines  and  the 
sea  on  either  side  of  the  peninsula.  Elsewhere  the  marine  Pliocene 
beds  of  Europe,  local  in  extent  and  variable  in  character,  reveal  the 
beds  of  shallow  seas,  the  elevation  of  which  into  land  completed  the 
outlines  of  the  Continent  at  the  close  of  Tertiary  time.  Here  and 
there  in  south-eastern  Europe  evidence  exists  of  the  gradual  isolation 
of  portions  of  the  sea  into  basins  somewhat  like  those  of  the  Aralo- 
CSaspian  depression,  with  a  brackish  or  less  purely  marine  fauna.  In 
some  portions  of  these  basins,  however,  as  in  the  Earabhogas  Bay  of 
the  existing  Caspian  Sea,  such  concentration  of  the  water  took  place 
as  to  give  rise  to  extensive  accumulations  of  salt  and  gypsum.  In  a 
few  localities  fluviatile  and  lacustrine  deposits  of  the  Pliocene  period 
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have  been  preserved,  from  which  numerous  remains  of  terrestrial 
vegetation  and  mammals  have  been  obtained. 

The  Pliocene  flora  is  transitional  between  the 
luxariant  evergreen  vegetation  of  the  Miocene  period 
and  that  of  modern  Europe.  From  the  evidence  of 
the  beds  in  the  upper  part  of  the  valley  of  the  Arno 
above  Florence  it  is  known  to  have  included  species  of 

Inne,  oak,  evergreen  oak,  plum,  plane,  alder,  elm,  fig, 
aurel,  maple,  walnut,  bircli,  buckthorn,  hickory,sumacn, 
sarsaparilla,  sassafras,  ciuDamon,  glyptostrobus,  taxo- 
dium,  sequoia,  &c.^  The  researches  of  Count  de  Saporta 
have  shown  that  the  flora  of  Meximieux,  near  Lyons, 
comprised  species  of  bamboo,  liquidambar,  rose-laurel,  • 
tulip-tree,  maple,  ilex,  glyptostrobus,  magnolia,  poplar, 
willow,  and  otner  familiar  trees.^  The  marked  abund- 
ance of  evergreen  forms  gave  the  flora  a  southern 
aspect,  particularly  in  the  older  half  of  the  Pliocene  p^AB^i^^^' 
period.  There  is  evidence,  however,  that  a  marked  nali8(Ne8ti). 
refrigeration  of  climate  was  in  gradual  progress,  during 
which  the  plants  specially  characteristic  of  warmer 
latitudes  one  by  one  retreated  from  the  European  region 


Crown  of  mo- 
lar. 


Fu;.  418. — HirrARiuN  obaiilk  ((tAiuRY)  (jj). 

The  fauna  of  the  Pliocene  period  still  retained  a  number  of  the 
now  extinct  types  of  earlier  time  such  as  the  Deinotherium  and 

*  Oaudin,  FeuiUe$  fo$&Ue4  de  la  To$eane,    Gaudin  et  Siroixi,  Contribution$  h  la  (lore 
fimiU  italienne,    Lyell,  Element$,  p.  190. 

•  *«Rechercbee  wir  lo«  Y^tauz  FoAsiles  do  Meximieux"  Arehiv,  Mutt,  Lyon,  i. 
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Mastodon.  It  was  characterized  also  by  troops  of  rhinoceros,  hippo- 
potamus,  and  elephant;  by  large  herds  of  herbivora,  inclading 
numerous  forms  of  gazelle,  antelope,  deer,  and  types  intermediate 
between  still  living  genera.  Among  these  were  some  ooloosal 
ruminants,  including  a  species  of  girafife  and  the  extinct  genus 
Helladotherium,  and  other  types  met  with  among  the  8iwalik  beds 
of  India  {Sivatheriwn,  Fi^r  424,  Bramatherium).  The  Equidae 
were  represented  by  the  existing  Equus,  and  by  extinct  forms,  one 
of  the  most  abundant  of  which  was  Hipparion  (Fig.  418),  like  a 
small  ass  or  quagga,  with  three  toes  on  each  foot,  only  the  central 
one  actually  reaching  the  ground.  There  were  likewise  species  of 
ox,  cat,  bear,  and  hyaena,  and  numerous  apes  {MesopUhecM^  Fig.  4 19), 
the  remains  of  which  have  been  met  with  14°  farther  north  in 
Europe  than  their  descendants  now  live. 

The  advent  of  a  colder  period   is  well  shown  in  the  younger 


Fig.  419.— Mesopithects  Penteuci  (Gaudbt). 

Pliocene  beds  of  England,  where  a  number  of  northern  moUusca 
make  their  appearance.  The  proportion  of  northern  species  increases 
lupidly  in  the  next  succeeding  or  Pleistocene  beds.  The  Pliocene 
period  therefore  embraces  the  long  interval  between  the  warm 
temperate  climate  of  the  later  ages  of  Miocene  and  the  cold  of 
Pleistocene  time.  According  to  Professor  Prestwich,  tlie  evidence  of 
change  of  climate  derivable  from  the  English  Pliocene  mollusca 
maybe  grouped  as  follows : 

Species  now  restricted  to 

Northern  Seas.  Southern  Seas. 

Norwich  Crag 19  .  .  11 

Red  Crag 23  .  .  32 

White  Crag 14  .  .  65 


The 


do  percentage  of  northern  specios  in  the  White  Cmg  is  5'0,  in  the  Bed 
Crag  10-7,  m  the  Norwich  Crag  14 'G.' 


*  Prestwich,  Q.  J.  Geol.  Soc.  xxvii.    Lycll,  Antiquity  of  Man.  chap.  xii.    Setrl^t 
Wood,  "  Crag  MoUusca,"  Pa!4V(mt.  Soe. 
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§  2.  Local    Development. 

Britain. — In  the  Pliocene  period,  after  a  long  period  of  exposure  as 
a  land  surface  during  which  a  continuous  and  ultimately  stupendous 
subaerial  denudation  was  in  progress,  Britain  underwent  a  gentle  but 
local  subsidence.  We  have  no  evidence  of  the  extent  of  this  depression. 
All  that  can  be  affirmed  is  that  the  south-eastern  counties  of  England 
bc^an  to  subside,  and  on  their  submerged  surface  some  sandbanks  and 
tjhelly  deposits  were  laid  down,  very  much  as  similar  accumulations  now 
take  place  on  the  bottom  of  the  North  Sea.  These  formations,  termed 
*'  Crag,"  are  subdivided,  according  to  their  proportion  of  living  species 
of  shells,  into  the  following  groups : 

Forest  Bed  group 10  to  70  ft. 

nuiu^^r^^A  u^c    /CbillesfoKl  Clay 1  „     8  „ 

ChUlcsfordbeds    (chUlesfoid  Sand  with  shells  .         .         .         .  5  „    8  .. 

Norwich  Crag 5  „  10  „ 

Red  Crag 25  „ 

AVhite  Crag 40  „  GO  „ 

The  WhiteCrag  (Suflfolk,  Coralline, or Bryozoan Crag),  consisting 
of  shelly  sands  and  marls,  is  exposed  in  many  places  in  the  county 
of  Sufifolk.     It  contains  316  species  of  shells,  of 
which  84  per  cent,  are  still  living.     Among  its 
characteristic  forms  are  TerehraMa  grandis,  Lin- 
gula  Dumortieri,   Peclen    opercularia,   Pholadomya        j^^imrv^'r^nwi^A 
htstema,  Aatarte  Omalii  (Fig.   4211  Pyrula  reti-     J^^^^M/f^^^^ 
culata,   Voluta  Lamberd  (Fig.  422),  Fascicularia    f^^i^^^p/^y^k 
aurantium  (Fig.  420).   The  name  **  coralline  "  was  f^^^^^9^^^^^{ 
given  to  the  formation  from  the  immense  number    |^^v|^^^^^^H^ 
of  coral-like  polyzoa  which  it  coi^ins,  no  fewer     ^^^'i^^^^^^^ 
than  140  species  having  been  described.  ^'^j^ 

The  Bed  Crag  is  also  a  thin  and  local  Fio. 420.--Pliocene  Poly- 
formation,  consisting  of  a  dark-red  or  brown  zoon. 

ferruginous  shelly  sand.     Of  its  molluscs,  92  per     Fascioularia  aurantium 
cent,  are  believed  to  be  still  living  species,  and,  (M.  Edw.)  (j). 

oat  of  25  species  of  corals,  14  are  still  natives  of 

British  seas.  Some  of  the  typical  shells  of  this  subdivision  are  Trop/iofi 
antiquum  (Fuma  contrariua^  Fig.  422),  Voluta  Lamberti,  Nasaa  rettcosa. 
Purpura  lapiUm,  P.  tetragona,  Pecten  aperculariSy  Pectunculus  glycimerts, 
Mactra  arcuata,  M.  avalis,  Tellina  dbliqua,  Cardium  edulcy  Mytilus  edulis, 
and  Cyprina  ruatica.  Numerous  mammalian  remains  have  been  obtained 
from  these  sands,  including  bones  of  Mastodon  arvemensis  and  M,  tapiroides^ 
Elepluu  meridionalia,  Bhinoceros  Sckleiermachert,  Tapirm  priscus,  Sue  anti- 
quu8f  Equu8  plicidens^  Hippariony  Hyeena  antiqua.  Felts  pardoideSy  Cervus 
anocerosy  HaUtheriumy  &c.  There  is  reason  to  think  that  some  of  these 
remains  may  have  been  derived  from  the  destruction  of  Miocene  deposits. 

The  Norwich,  Fluvio  -  marine,  or  Mammaliferous  Crag 
consists  of  a  few  feet  of  shelly  sand  and  gravel,  containng,  so  far  as 
known,  139  species  of  shells,  of  which  93  per  cent,  are  still  living.  About 
20  of  the  species  are  land  or  fresh-water  shells.  The  name  of  mammali- 
ferous was  given  from  the  large  number  of  bones,  chiefly  of  extinct  species 
of  elephant,  recovered  from  this  deposit.  These  fossils  comprise  Mastodon 
arvemensisy  Elephas  meridionaliSy  E,  antiquuSy  Hippopotamus  majors  Bhino- 
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ceros  leptorhintu^  Trogantherium  Cutteri,  a  horse  and  deer,  likewise  the 
living  species  of  otter  and  beaver.  Among  the  moUusca  the  follow- 
ing are  characteristic  forms :  Paludina  media^  Hydrdbia  veniro$a^  TurriidU 
communis^  Trophon  scalarifarme,  Litorina  litorea,  MyiUus  edtdts,  Nuctda  Ckik- 
boldise  (Fig.  421),  Cardium  edtde.  One  interesting  feature  is  the  decided 
mixture  of  northern  species  of  shells,  such  as  BhynchoneUa  psiiiacea, 
Scalarta  groenlandica  (Fig.  422),  Panopaa  norvegica,  and  Astarte  horeaUt 
(Fig.  421).  These  may  be  regarded  as  the  forerunners  of  the  great  in- 
vasion of  Arctic  plants  and  animals  which,  in  the  beginning  of  the 


FlU.   421. — PU0C£SE   liAIIKi.i.lBiUycHi?. 

a,  ABtarte  borealis  (Chemn.) ;  ft,  Astarte  Omalii  (JLaj.) ;  r,  KociiIa  Ool>boldi»  (Sow.)  ; 
d,  Congeria  subgloboaa  (Paxisch.)  (]). 

Quaternary  ages,  came  southward  into  Europe,  together  with  the  severe 
climate  of  the  North. 

The  Chillesford  beds  occur  likewise  as  a  thin  local  deposit 
chiefly  in  Suffolk.  Among  their  organisms  are  Mya  inmeaia^  Maetn 
avalisy  Nucula  Cdbholdim,  Carina  islandicay  Astarte  horeaUs^  TeUima  oWjm. 
About  two-thirds  of  the  sheUs  still  live  in  Arctic  waters.  It  is  evident 
that,  in  these  fragmentary  accumulations  of  the  Crag  seriea,  we  have 
merely  the  remnants  of  some  thin  sheets  of  shelly  sands  and  gravela  laid 
down  in  the  shallow  waters  of  the  North  Sea,  while  that  great  lowering 
of  the  European  climate  was  beginning  which  culminated  in  the  suc- 
ceeding or  Glacial  period. 

The  Forest-bed  group  comprises  an  interesting  sucoefision  of  beds, 
only  a  few  feet  in  thickncBR,  exposed  for  many  miles  at  the  base  of  the 
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great  range  of  cliffs  of  glacial  deposits  on  the  north-east  coast  of  Norfolk. 
These  beds  are  of  estuarine  and  marine  origin,  and  include  layers  of  peat 
and  traces  of  a  former  land-surface  which  is  marked  by  what  has  been 
termed  the  "  rootlet  bed."  The  designation  '•  forest-bod,"  however,  is 
unfortunately  chosen,  for  the  tree-stumps  which  suggested  it  appear  to 
be  in  all  cases  drifted  specimens.  According  to  the  recent  researches  of 
Mr.  C.  Keid  of  the  Geological  Survey,  there  is  at  the  base  a  band  of 
dark  carbonaceous  silt  and  peat  with  seeds,  moss,  &c,  (lower  fresh- 
water bed).  This  is  surmounted  by  the  "  Forest  bed "  properly  so 
called — a  band  of  dark  silt,  clay,  or  loam,  with  numerous  seeds,  cones, 
stumps,  and  fragments  of  dnft-wood,  blocks  of  peat,  bones  of  mammals, 
ifec.  Next  comes  another  peaty  layer  (upper  fresh-water  bed),  over  which 
lie  fine  sands  with  clay  and  flint  pebbles,  containing  Leda  my  alia,  and  other 
marine  mollusca  with  united  valves.  Among  the  organic  contents  of  the 
Forest-bed  group  are  cones  of  Scotch  fir  and  spruce,  leaves  of  the  white 


b  r 

Fig.  422. — Pliocenb  Gasteropods. 

a,  Bcalaria  groenlandica  (Cbenm.) ;  h,  Voluta  Lamberti  (Sow.)  (J) ;  c,  Trophou  anfiquum 

(Mtill.)  (J). 

water-lily,  yellow  pond-lily,  homwort,  blackthorn,  bog-bean,  oak,  and 
hazel;  species  of  marine,  fresh-water,  and  land-shells  (Trophon  cmtiquum^ 
Nucvia  Cohholdim^  Tellina,  Ptaidtum  amnicuniy  Unto  pictorum,  Paludina  vivt- 
para,  Planorhis  fontanus,  Limmea  atagnalis,  Succinea  putria,  Helix  arhuatorum, 
i&c),  of  which  Corhicula  Jluminalia  and  Bdgrandia  marginatu  no  longer 
live  in  England,  fifty  species  of  mammals,  two  birds,  two  reptiles,  four 
amphibians,  and  seventeen  birds.  ^ 

'  The  mammals  of  the  forost-bods  aiTord  an  interesting  glimpse  of  the  famia  that 
pxeceded  the  adyent  of  the  Ice  Age  in  central  Europe  and  the  adjoining  seas.  Aocord- 
mg  to  Mr.  E.  T.  Newton  s  researches,  the  following  is  the  list  of  recognized  species : 
Garnivora — Cams  lupiu  ?  C.  vulpes  f  Machairodua  sp.,  Felidse  (?  genus),  Martea  tylva- 
tica,  Gulo  lu8cu$^  Ursus  $pe1xus,  U.  ferox  fossilisf  TricJtechus  Huxleyi,  Phoca  sp.; 
Ungolata — Equus  c(ibdUu$  fossilis,  E,  StenoniSy  Rhinoceros  etruscus,  Rh.  megarhinus  ? 
Hippopotamtu  major,  Su9  scrofa.  Bos  primigeniusf  Caproms  Savinii,  Cermu  hovides, 
C.  capreolus,  C.  carnuiorumi  C.  Dawkinn,  C.  elaphusf  C.  etueriarum,  C.  FUchii,  C, 
Ounnii,  C.  latifrom^  C,  megaceros  ?  C.  polignacus,  C.  SedgtcicJm,  C.  verticomut ;  Rodentia 
— Trogontherium  Cuvieri,  Cattor  Europteus,  Arvieola  amphibitUt  A.  intermedin,  A. 
arvalit,  A.  glareoltis,  Sciurus  vulgaris  i  Mus  s^vaHcus;  Insectivora — Talpa  Europea, 
Sarex  vulgaris,  S,  pygmieus,  MyogaXe  moschaia ;  ProhoBcideSk^—Elephas  antdmius,  E.  meri- 
dionalis,  E.  primigenius ;  Cetacea — BaUsnoptera  ?  Monodon  monoeeros,  Delpninus  delphin, 
Delphinus,  sp.  {OeoL  Mag.  1880-^2). 

On  the  subject  of  the  Forest-bed  group  see  Lyell,PA»7.  Mag.  .Srd  ser.  xvi.  (1840), 
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France. — ^Piiooene  deposits  in  Tarioiis  parts  of  France  haTe  jieUed 
a  oonsideraUe  nnmbo'  of  vertebrate  remains.  An  older  series,  found  in 
the  south  of  the  country  at  Montpellier,  indicates  hy  the  associaticRi  of 
its  mammalian  remains  a  warmer  dimate  than  that  of  the  same  region 
at  the  present  day,  for  the  list  indndes,  besides  species  of  Hymna,  FdU, 
MaehairoduM^  Imtra^  Lagom^^  Bkinoeero9,  Smg,  and  Carvua,  the  extinct  tjpei 
of  the  Mastodon  and  Hjf«nareic9y  as  weU  as  two  species  of  ape.  Later  than 
these  ussiferona  strata  are  those  of  Perrier  and  other  localities  in  An 
Tergne,  where  the  apes  are  absent,  the  antelopes  have  dwindled  in  dze 
and  number,  the  deer  have  grown  very  abundant,  true  elephants  for  the 
first  time  appear,  associated  with  a  species  of  hippopotamus,  nearly 
if  not  quite  identical  with  the  living  African  one ;  two  kinds  of  hyena, 
and  the  hipparion  and  maohairodus  that  had  survived  from  »rlier 
times.  This  fauna  indicates  a  decided  change  of  climate  to  a  more 
temperate  character.^ 

Belgium.* — ^The  neighbourhood  of  Antwerp  has  acquired  celebrity 
for  the  remarkably  fossihferous  character  of  certain  sands  which  overlie 
the  Black  Crag  described  at  p.  865.  These  strata,  formerly  classed  w 
''  Scaldisien  **  by  Dumont,  have  recently  been  divided  into  a  lower 
group,  marked  by  the  occurrence  of  Isocardia  cor,  and  a  higher  oontainhig 
TropkoH  aniiquum.  The  lower  sands,  perhaps  equivalents  of  the  White 
Crag,  have  been  named  "  Anversien  "  (Antwerpian)  by  Monrlon.  They 
contain,  among  other  shells,  Tsocardia  cor,  Cifprina  rusHcOj  Ckur^ta  tmSfr 
Lmcina  horeaUs,  Asiarte  Omaliij  TmrriteUa  incroMoia ;  also  an  abundint 
series  of  remarkable  cetacean  bones.  The  upper  group  (**  Scaldisieo '^ 
of  Mourlon)  may  represent  the  Bed  Crag.  It  contains  Trofkom  nJd- 
quum,  T.  gracUe,  VouUa  Lambertty  Purpura  lapiUus,  P.  letragona.  Nam 
reticoaa,  Peden  fnaximus,  P.  Gerardi,  Ostrea  edulig,  Belgian  Ph'ooene 
deposits,  of  which  the  precise  horizons  have  not  been  determined,  have 
yielded  a  large  number  of  bones  of  marine  mammalia,  including  seals, 
dolphins,  and  numerous  cetaceans,  as  well  as  remains  of  fishes  (Curefta- 
rodm,  LawnM,  OxyrhitM,  &o.). 

Mayence  Basin. — ^Above  the  Miocene  beds,  described  on  p.  B66, 
lies  a  group  of  sands  and  gravels  with  lignite  (Knochen  sand\  from  20 
to  80  feet  thick,  whence  a  considerable  number  of  mammalian  bones 
have  been  obtained  at  Eppelsheim,  near  Worms.  Among  these  the 
Deinotherium  giganteum  occurs,  showing  the  long  survival  of  this  animsl 
in  central  Europe;  also  Mastodon  angustidenSy  SfUnoeeroi  incmvus,  and 
other  species,  Hippothertum  gracile,  several  species  of  Sus^  five  or  more 
of  Cervus,  and  some  of  Fdis. 

Vienna  Basin. — In  consecutive  conformable  order  above  the  Miocene 
strata  described  on  p.  866,  come  the  highest  Tertiary  beds  of  this  area, 
referred  to  the  Pliocene  period  and  known  by  the  name  of  the  •*  Con- 
ger ian  stage,"  from  the  abundance  in  them  of  the  molluscan  genus 
Congeria  (Fig.  421).  They  are  separable  into  two  tolerably  well  defined 
zones,  which  in  descending  order  are : 


p.  245,  and  his  Antiquity  of  Man  ;  Prestwich,  Q.  J.  ChoL  8oe,  xxvii.  pp.  825, 452;  G»- 
logiat,  1861,  p.  68;  C.  Beid,  QtoL  Mag.  Dec  2.  iv.  p.  300;  vii.  n.  55,  548,  and  kii 
monograph  on  the  Cromer  diatrict,  which  will  shortly  appear  in  the  Jfemotn  Oeol  Smr. 

>  Ghkudiy,  Mat^Haux  pour  VHistoire  de$  Temp$  Quatemaire$,  1876. 

*  Mourlon,  G^oL  Beig,  Van  Beneden,  <'  Description  dee  Oasements  Foariles  dee 
Enyirons  d'Anvere,"  Mu»,  Boy,  Bdgique,  vol.  ir. 
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2.  Belvedere-Sohotter — a  coarse  eonglomerate  or  gravel  of  quartz  and  otlier 
pebbles,  occasionally  yielding  bones  of  large  mammals ;  Belvedere-sand — 
a  yellow  micaceous  sand,  forming  the  lower  member  of  the  zone  and  con- 
taming  in  its  more  compact  portions  abundant  terrestrial  leaves.  These 
strata  resemble  part  of  the  alluTia  of  a  large  river.  Their  name  is  taken 
from  the  Belvedere  in  Vienna,  where  they  are  well  developed. 

1.  Inzersdorf  Tegel — a  tolerably  pure  clay  reaching  a  depth  of  often  more 
than  300  feet.  This  deposit,  the  youngest  Tertiary  layer  that  is  widely 
distributed  over  the  Vienna  basin,  points  to  continued  and  general  sul>- 
mergence.  The  facies  of  its  fossils,  however,  shows  that  the  water  no 
longer  communicated  freely  with  the  open  sea,  but  seems  rather  to  have 
partaken  of  a  Caspian  character.  Among  the  conspicuousl  molluscs  are 
Congeria  tubglohota,  C.  Parttchi,  C.  triangularU^  C.  ipathidatOj  C.  Cyzeki, 
Cardium  eamuntmwn,  C  ajaertum,  C.  conjunge/My  Unio  atavua,  U.  moravtcut^ 
Mdanopsis  marftntdna,  M,  impressa,  M.  Hndoboneims^  M,  BotUi.  The 
mammals  include  Mastodon  IcngirostrUt  M.  angutttdenSf  Deinotheriumgigan- 
teum,  Acerotherium  incinvum,  Hippotherium  gradUy  antelope,  pig,  Machai- 
rodu$  cuUrtdenB,  Hyama  hipparionum.  The  flora  includes,  among  other 
plants,  conifers  of  the  genera  Olyptmtrchm^  Sequoia,  and  Pinus,  also  species 
of  birch,  alder,  oak,  beech,  chestnut,  hornbeam,  lic^uidambar,  plane,  willow, 
poplar,  laurel,  cinnamon,  buckthorn,  with  the  Asiatic  genus  Parrotia,  the 
Australian  proteaceous  Hakea  (Fig.  416),  and  the  extinct  tamarind-like 
Podogonium. 

In  other  parts  of  the  Austro-Hungarian  empire  interesting  evidence 
exists  of  the  gradual  uprise  of  the  sea-floor  during  later  Tertiary  time 
and  the  isolation  of  detached  areas  of  sea,  so  that  the  south-east  of  Europe 
must  then  have  presented  some  resemblance  to  the  great  Aralo-Caspian 
depression  of  the  present  time.  The  Congeria  stage  brings  before  us  the 
picture  of  an  isolated  gulf  gradually  freshening,  like  the  modern 
Caspian,  by  the  inpouring  of  rivers ;  but  on  both  sides  of  the  Carpathian 
range  there  were  bays  nearly  cut  off  from  the  main  body  of  water,  and 
exposed  to  so  copious  an  evaporation  without  counterbalancing  inflow 
that  their  salt  was  deposited  over  the  bottom.  Of  the  Transylvanian 
localities  on  the  south  side  of  the  mountains  the  most  remarkable  is 
Parajd,  where  a  mass  of  rock-salt  has  been  accumulated  having  a 
maximum  of  7550  feet  in  length,  5576  feet  in  breadth,  and  590  feet  in 
depth,  and  estimated  to  contain  upwards  of  10,595  millions  of  cubic  feet. 
On  the  northern  flank  of  the  Carpathians  near  Cracow  lie  the  famous  and 
extensive  salt-works  of  WieliczkiEi,  with  their  massive  beds  of  pure  and 
impure  rock-salt,  gypsum,  and  anhydrite,  some  of  the  strata  being  full 
of  fossils  characteristic  of  the  upper  zones  of  the  Vienna  basin. 

The  south-east  of  Europe  during  later  Tertiary  time  was  the  scene  of 
abundant  volcanic  action,  and  the  outpourings  of  trachyte,  rhyolite, 
basalt,  and  tuff  were  specially  abundant  over  the  low  districts  to  the 
south  of  the  Carpathian  chain. 

Italy. — ^In  this  country  Pliocene  deposits  are  so  extensively  developed 
that  they  mav  be  taken  as  a  typical  series  for  Europe.  They  form  a 
range  of  low  hills  flanking  both  sides  of  the  Apennine  chain,  and  hence 
have  been  termed  the  "  sub-Apennine  series."  They  attain  a  thickness 
of  upwards  of  3000  feet,  beins  most  massive  towards  the  south.  They 
have  been  grouped  into  two  divisions,  the  older  consisting  of  blue  marls 
and  clays,  sometimes  calcareous,  the  upper  of  yellowish  sands.  In  Sicily 
a  threefold  subdivision  has  been  made  out  by  Seguenza,  who  has  traced 
the  same  arrangement  throughout  a  large  part  of  the  mainland.  The 
stages  are  in  descending  order :  ^ 

>  Buil  See,  G€ol,  France,  2e  8<?r.  xxv.  465. 
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8.  Aatiaii — yellow  sands. 

2.  Flaisanciaii — blue  days  or  maris. 

1.  Zancleaii — marij  beds  and  ligfat-ooloored  limestonee. 

Of  these  stages  the  first  is  characterized  by  a  fauna  of  which  nearly 
-j*^  are  peculiar  speciee,  and  only  85  out  of  504  species,  or  about  17  per 
cent.,  belong  to  living  forms,  which  are  nearly  all  found  in  the  Medito*- 
ranean.     Some  of  the  common  species  of  the  deposit  are  Jamira  fiabeUi- 
formis,    Terebratulina    ropMi-Mrpefi/M,    Bhwu^oneUa    hipartita,    Denialinm 
triquetrum^  Limopais  aitri/a,  Leda  dilaiatOy  L.  striata^  Phill.  Modiola  pkaseo- 
lina.    Tropical  genera  are  well  represented  among  the  shells  of  the 
Italian  Pliocene  beds,  while  some  of  the  still  living  Mediterranean 
genera  occur  there  more  abundantly,  or  in  larger  forms  than  on  the 
present  sea-bottom.    The  newer  Pliocene  beds  attain  in  Sidlj  a  thick- 
ness of  2000  feet  or  more,  rising  to  a  height  of  3000  feet  above  ^le 
present  aea-level,  and  covering  nearly  half  of  the  island.     One  of  th^ 
members  is  a  yellowish  limestone,  sometimes  remarkably  massive  and 
compact,  and  700  or  800  feet  thick,  yet  fall  of  living  species  of  Mediter- 
ranean shells,  some  of  which  even  retain  their  colour  and  a  part  of  their 
animal  matter.     It  was  during  the  accumulation  of  the  Pliocene  strata 
that  the  historj^  of  Etna  began,  the  first  stages  being  submarine  erup- 
tions, which  were  followed  by  the  piling  up  of  the  present  vast  snbaerial 
cone  upon  the  upraised  Pliocene  sea-bottom. 

The  Italian  Pliocene  deposits,  while  diiefly  of  marine  origin,  oontaiB 
also  intercalations  of  lacustrine  or  fluviatile  strata,  in  which  remains  of 
the  terrestrial  flora  and  fauna  have  been  preserved.  In  the  upper  part 
of  the  valley  of  the  Amo  an  accumulation  of  lacustrine  beds  attains  a 
depth  of  750  feet  The  older  portion  consiBts  of  blue  clays  and  lignite 
with  the  abundant  vegetation  above  referred  to  (p.  871).  The  upper 
200  feet  consists  of  sands  and  a  conglomerate  (**  sansino "),  and  have 
yielded  remains  of  Mastodon  Arvemenmty  Elephu  meridionalis^  Bkinocertm 
etruacus.  Hippopotamus  majoTy  Ursus^  Hyrnna^  FeliSy  <fec. 

Greece. — A  remarkable  series  of  mammalian  remains  brought  to 
light  from  certain  hanl  red  days  alternating  with  gravels  at  Pikermi,in 

Attica,  has  been  carefully  worked  out 
by  M.  Gaudry.^  The  list  indudea  a 
monkey  {MesopUhecus}  intermediate  be- 
tween the  living  SewmopUJ^cus  of  Asia 
and  the  Macaques.  The  carnivores  are 
represented  by  Simocyon,  Mustein,  Prth 
mephitisy  Ictitherium^ — a  genus  allied  to 
the  modem  civet — Hywmctis,  Hyaena, 
MachatrodttSy  and  several  speciee  of 
Felts  ;  the  rodents  by  Hjfstrix^  allied  to 
Fig!^3.-Macha,rodis. the 8ABEK.  ^^  ^°^™^5^  porcupinej  the  edentates 
TOOTHED  LION.  ^Y   *^®    gigantic   Anofhtkenum ;    tho 

proboscideans  by  Mastodon  and  Deino- 
therium;  the  pachyderms  by  Rhinoceros  (several  species),  Acerotherinm, 
Lepiodon,  Hipparion,  and  a  gigantic  wild  boar  {Sus  erymnakiwi) ;  the 
ruminants  by  Camelopardalis,  of  the  same  sise  as  the  living  giraffe, 
Helladoiherium — ^a  form  between  the  giraffe  and  the  antelopes— three 

*  Animaux  foml^s  ei  Geofogie  de  VAttiqMj  4to,  1862,  with  volume  of  platea.    See  also 
Roth  and  Wagner,  Abhandl.  Baytr,  Akad.  vii.  (1854). 
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species  of  true  antelope  —Palseotragmy  an  antelope-like  animal,  Palaeoryx, 
somewbat  like  the  living  African  gemsbok,  and  PcUseoreaa,  allied  to  tiie 
African  eland  and  the  gazelles — Omella,  a  true  gazelle,  Drematherium^ 
probably  a  hornless  ruminant  like  the  living  chevrotains.  A  few 
remains  of  birds  have  also  been  met  with,  including  a  Phasianus,  related 
to  our  pheasant,  a  Oallus,  smaller  than  our  common  domestic  fowl,  a 
Orus,  closely  related  to  the  living  crane ;  also  bones  of  a  turtle  and  a 
saurian  (VartAius),  This  fauna  is  remarkable  for  the  extraordinary 
abundance  of  its  ruminants,  the  colossal  size  of  many  of  the  forms,  sudb 
as  the  giraffe  and  Helladotherium^  the  singular  rarity  of  the  smaller 
mammab,  the  marked  African  facies  which  runs  through  the  whole 
series,  and  the  number  of  transitional  types  which  it  contains.  The 
Pikermi  beds  have  been  classed  as  upper  Miocene,  but  the  occurrence 
of  some  true  Pliocene  species  of  shells  below  them,  and  the  marked 
preoonderance  of  living  types,  justify  their  being  placed  in  a  later  stage 
of  tne  Tertiary  series. 

India. — ^Not  less  important  than  the  massive  Pliocene  accumulations 
of  the  Mediterranean  basin  are  those  which  have  been  formed  in  Sind,  the 
Punjab,  and  other  north-western  tracts  of  India.  In  Sind  the  noteworthy 
fact  has  been  made  out  by  the  Indian  Geological  Survey  that  from  the 
upper  Cretaceous  to  the  Pliocene  beds  the  whole  succession  of  strata, 
with  some  trifling  local  exceptions,  is  conformable  and  continuous ;  yet 
contains  evidence  of  alternations  of  marine  and  terrestrial  conditions,  the 
latest  marine  intercalations  being  of  Miocene  date.  The  upper  division 
of  the  Manchhar  group  (p.  869)  is  not  improbably  referable  to  the 
Pliocene  period.  It  consists  of  clays,  sandstones,  and  conglomerate,  5000 
feet  thick,  which  have  yielded  some  indeterminable  fragmentary  bones. 
Similar  strata  cover  a  vast  area  in  the  Punjab.  They  are  admirably 
exposed  in  the  long  range  of  hills  termed  the  Sub-Himalayas,  which 
from  the  Brahmaputra  to  the  Jhelum,  a  distance  of  1500  miles,  flank 
the  main  chain,  and  consist  chiefly  of  soft  massive  sandstone  disposed  in 
two  parallel  lines  of  ridge  having  a  steep  southerly  face  and  a  more 
gentle  northerly  slope,  and  separated  by  a  broad  flat  valley.  These 
strata,  having  an  aggregate  thicKncss  of  between  12,000  and  15,000  feet, 
contain  representatives  of  the  older  Tertiary  or  Nummulitio  series,  fol- 
lowed by  younger  Tertiary  deposits  which  are  classed  together  in  what 
has  been  termed  the  Siwalik  group.  This  group  is  of  fresh-water  origin, 
for  its  included  organisms  are  entirely  land  or  fresh-water  forms.  Its 
component  days,  sandstones,  and  conglomerates  have  been  deposited  by 
great  rivers,  which  appear  to  have  flowed  from  the  Himalayan  chain  by 
the  same  outlets  as  their  modem  representatives.  These  deposits  vary 
according  to  their  position  i^elatively  to  the  great  rivers.  They  have 
been  involved  in  the  last  colossal  movements  whereby  the  Himalayas 
have  been  upheaved,  yet  their  structure  shows  that  the  same  distribution 
of  the  watercourses  has  been  maintained  as  existed  before  the  disturb- 
ance. In  this  instance,  as  in  that  of  the  Green  Biver  through  the  Uinta 
i*ange  in  western  America,  the  inference  seems  to  be  legitimate  that  the 
elevation  of  the  mountains  must  have  proceeded  so  slowly  that  the  erosion 
of  the  river  kept  pace  with  it,  and  the  positions  of  the  valleys  were  there- 
fore not  sensibly  changed.    (See  p.  920.) 

The  Siwalik  fauna  consists  partly  of  a  few  land  or  fresh-water 
molluscs,  some,  if  not  all,  of  which  are  identical  with  living  species ;  but 
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chiefly  of  mammalia,  of  which  no  fewer  than  abont  93  species  have  been 
determined  belonging  to  48  eenera,  of  which  those  that  are  now  extinct 
are  marked  in  the  subjoined  ust  with  an  asterisk :  ^ 

Primatefl — Macaeu$j  2  sp. ;  Semnapithecut,  2. 

Carnivoro — FdUn  2 ;  Marhairodus ♦  {Drepcmodon)^  1 ;  P$eud«luru**  1 ;  Idi- 

therxum,*  1  ;   Hymna,  1 ;    Cants  ( Vtdpes),   1 ;    Amphieffon*   1 ;    Untu^  1  ; 

Hymnaretos*  2;  Mellivora,  1 ;  itfelet,  1 ;  LtUra,  1 ;  JEnhydriodony^  1. 
Proboscidea— JEZcpfcof,  7  (EudejpihM^  1 ;  Loxodon,  1 ;  Siegodon^'^  5) ;  MiuiodonJ^ 

4  (Pentalophodon*  1 ;  Tetralophodouj*  2 ;  Tnlophodan*  1). 
Unj^ulata  Perissodactyla — Rhinoceroa,  6 ;  Acerotkeriumj*  1 ;   LUiriodon,^  1 ; 

£'<^iM,  2 ;  Hipparion^*  2. 
Ungulata    Artiodactyla  —  Hippopotamus    (Hexaprotodon  ^X    ^ :    Hippopoia- 

modim*  1;  Teeroconodon,*  1;  idiM,  3;   Hippohyus,^  2;  C%aZu»a<rticm,*  I : 

Msrycopotamus,*  1 ;  CsrotM,  3 ;  Doroaiheriunij*  2 ;  Camelopardalisj  2 ;  ^^tra- 

Mm'ttm,*  1 ;' Hydaspithenum^'^  3 ;  Bo»,  3 ;  Bison,  1 ;  Bvhalus,  2 :  Pfrflww,*  1 ; 

Amphibot,^  1 ;  HemiboSj*  1 ;  Antilope^  4 ;  Gopra,  2 ;  Orw,  1 ;  Came/tw,  1. 
Bodentia— ifiMt,  1 ;  Rhitomys^  1 ;  Hystrix,  1. 

In  this  list  there  is  considerable  resemblance  to  the  grouping  of 
mammalia  in  Ihe  Pikermi  deposits  just  referred  to,  particularly  in  the 

preponderance  of  large  animals, 
'•\  :"    \        the   absence   or    rarity    of   the 

smaller  forms  (rodents,  bats,  in- 
sectivores),  and  the  marked  Mio- 
cene aspect  of  certain  parts  of 
the  fauna.     Mr.  Blanfoxxl,  how- 
/  ever,   has  recently  shown   that 
\^J    •  hough  usually  classed  as  Miocene 
the  Siwalik  fauna  has  such  rela- 
tions to  Pliocene  and  recent  forms 
as  are  found  in  no  true  Miocene 
fauna.     Among  the   genera    12 
are  unknown  elsewhere,    7    are 
Miocene  and  Pliocene;    of  the 
Btill  living  genera  9  range  back 
in  Europe  to  upper  Miocene  time, 
10  only  to  Pliocene,  while  6  are 
only  known  elsewhere  as  living 
forms  or  as  occurring  in  post- 
Fio.  424.~SivATHEuitM  GiGASTEUM  (Falc).   Plioccne  beds.    The  large  pre- 
A  gigantic  two  homed  form  of  antelope  found  ponderance  of  species  belonging 
in  the  Siwalik  beds  of  India.  to  such  familiar  genera  as  fWit, 

Canis^  Urmu,  Elephai^  E^i^^^  Oer- 
vu8y  Bos,  Antilope,  and  Capra^  gave  the  whole  assemblage  a  singularly 
modem  aspect.  It  should  be  added  that  associated  with  the  mammals 
are  six  determinable  reptiles,  of  which  three  are  recent ;  four  or  five 
kinds  of  birds,  of  which  one  is  probably  identical  with  the  living  ostrich, 
and  a  number  of  land  and  fresh- water  shells  of  existing  species.* 

North  America. — The  uppermost  division  of  the  Tertiary  series  of 
the  eastern  United  States  has  received  the  name  of  the  Sumter  group. 


»  Medlioott  &  Blanford.  Oeology  of  Indifi,  p.  677. 
p.  577.  < 

«  Blanford,  BrU.  Assoc  1880,  p.  678. 


Blanlbid,  BHt  Assoc.  1880, 
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and  is  believed  to  be  the  equivalent,  more  or  less  fully,  of  the  European 
Pliocene  deposits.  In  the  Carolina  States  beds  of  loam,  clay,  or  sand, 
lying  in  hollows  of  the  older  Tertiary  deposits,  and  containing  from  40 
to  60  per  cent,  of  living  marine  shells,  are  referred  to  this  group.  In 
the  Upper  Missouri  region,  the  White  Biver  group  is  overlaid  by  other 
fresh-water  beds,  300  to  400  feet  thick  (Loup  fiiver  group  of  Meek  and 
Hayden,  or  Niobrara  group  of  Marsh),  from  which  an  interesting  series 
of  vertebrate  remains  has  been  obtained.  Among  these  are  those  of  an 
eagle,  a  crane,  and  a  cormorant ;  a  tiger,  larger  than  that  of  India,  an 
elephant,  a  mastodon,  several  rhinoceroses,  the  oldest  known  camels 
(Procamelus,  Homocamelua),  equine  animals  of  the  genera  Protohippus, 
Pliohippus,  MeruchippuSf  and  EqutiSf  of  which  the  last  was  as  lai^e  as  the 
living  horse.  The  remarkably  oriental  character  of  this  fauna  is  worthy 
of  special  notice. 

Australasia. — Though  vast  areas  in  this  region  are  covered  with 
strata  which  sometimes  attain  a  depth  of  several  hundred  feet,  containing 
both  terrestrial  and  marine  deposits,  and  which  are  referable  to  various 
parts  of  Cainozoic  time,  no  satisfactory  correlation  of  the  beds  with 
European  equivalents  has  yet  been  made,  if,  indeed,  such  a  correlation  is 
at  all  probable  or  possible.  All  that  can  at  present  be  affirmed  is  that  a 
Buocession  among  these  beds  can  be*  traced  with  an  increasing  proportion 
of  recent  species  in  the  younger  parts  of  the  series.  Throughout  the 
whole  of  eastern  Australia,  including  New  South  Wales  and  Queensland, 
no  marine  Tertiary  fossils  have  been  discovered.  In  the  first-named  colony, 
as  well  as  in  Victoria,  beds  occur  containing  terrestrial  vegetation  which 
has  been  referred  to  a  late  Tertiary  age,  as  it  consists  of  plants  allied  to 
those  of  the  present  forest-belt  of  Eastern  Australia.  The  plant  beds  are 
often  associated  with  auriferous  gravels,  and  in  some  places  have  been 
buried  under  thick  sheets  of  bai^lt.  In  South  Australia  and  Victoria 
extensive  marine  accumulations  occur  referable  to  parts  of  the  Tertiary 
periods.  These  consist  of  clays,  sands,  and  limestones,  often  underlying 
wide-spread  basalt-plateaux.  They  have  yielded  numerous  foraminifera, 
especially  at  Mount  Gambier  and  Murray  Flats  in  South  Australia: 
40  species  of  corals,  which  are  only  slightly  related  to  the  living  species 
of  the  surrounding  seas,  but  include  three  European  Tertiary  species ;  * 
numerous  echinoderms  and  polyzoa,  and  a  large  molluscan  fauna,  in  which 
the  genera  Waldheimia,  CucuUeea,  Pectunculus^  Trigonia,  Cyprsea,  Fuaus, 
Hcdioiis^  Murex,  Miira,  Trivia,  Turritella,  Voluta,  &o.,  occur.  The  verte- 
brate organisms  consist  of  fishes  (of  the  world-wide  genera  Carcharodotiy 
Lamna,  OtoduSf  Oxyrhina\  a  few  marsupials  (Bettongiay  Nototherium, 
Phascolomys,  Sarcophilua),  with  some  marine  mammalia  {Squalodon,  Arcto- 
cephalus). 

In  tne  South  Island  of  New  Zealand  a  mass  of  sandy  and  calcareous 
strata,  termed  the  '*Oamaru  formation,"  reaches  an  average  thickness 
of  from  1500  to  2000  feet,  traceable  to  a  height  of  5000  feet  in  the 
Southern  Alps.  Out  of  88^'species  of  mollusca  Captain  Hutton  accounts 
12  (or  13]^  per  cent.)  to  be  still  living.  These  strata  are  supposed 
by  some  to  be  on  the  same  general  parallel  as  the  Eocene,  b^  others  on 
that  of  the  Oligocene  or  Miocene  series  of  Europfo.  There  is  evidence 
that  volcanic  action  was  going  on  contemporaneously  with  their  deposi- 

*  Duncan,  Q.  /.  Oeol  Soc,  1870,  p.  3^^ 
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tion,  for  bede  of  palagonite-taff,  and  other  volcanic  prodncts  are  inter- 
stratified  with  them  in  some  localities.  Later  in  date  is  the  ^  Fareon 
formation  " — a  snccession  of  blnish  or  greenish  sandy  day,  with  calca- 
reous bands  and  accretions.  Ont  of  154  marine  mollnsca  Captain 
Button  identifies  58  (or  37^  per  cent.)  with  still  living  forma,  and  is 
therefore  disposed  to  consider  the  gronp  as  Miocene.^ 

>  Haast,  Otology  of  Cantetimry,    Huttou's  Geology  of  Otago. 
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PART  v.— Post-Tertiary  or  Quaternary. 

Under  this  diyision  are  included  the  various  superficial  deposits 
in  which  all  the  mollusca  are  of  still  living  species.  It  is  usually 
subdivided  into  two  series — (1)  an  older  group  of  deposits  in  which 
many  of  the  mammals  are  of  extinct  species, — to  this  group  the 
names  Pleistocene,  Post-Pliocene,  and  Diluvial  have  been  given; 
and  (2)  a  later  series,  wherein  the  mammals  are  all  or  nearly  all 
of  still  living  species,  to  which  the  names  Recent,  Alluvial,  and 
Human  have  been  assigned.  These  subdivisions,  however,  are  con- 
fessedly very  artificial,  and  it  is  often  exceedingly  difficult  to  draw 
any  line  between  them. 

In  Europe  and  North  America  a  tolerably  sharp  demarcation  can 
usually  be  made  between  the  Pliocene  formations  and  those  now  to 
be  described.  The  Crag  deposits  of  the  south-east  of  England  show 
traces  of  a  gradual  lowering  of  the  temperature  during  later  Plio- 
cene times.  This  change  of  climate  continued  to  augment  until  at 
last  thoroughly  arctic  conditions  prevailed,  under  which  the  oldest 
of  the  Post-Tertiary  or  Pleistocene  deposits  were  accumulated. 

It  is  hardly  possible  to  arrange  tne  Post-Tertiary  deposits  in  a 
strict  chronological  order,  because  we  have  no  means  of  deciding,  in 
many  cases,  their  relative  antiquity.  In  the  glaciated  regions  of  the 
nortnem  hemisphere  the  various  glacial  deposits  are  grouped  as  the 
older  division  of  the  series  under  the  name  of  Pleistocene.  Above 
them  lie]  younger  accumulations  such  as  river-alluvia,  peat-mosses, 
lake-bottoms,  cave-deposits,  blown-sand,  raised  lacustrine  and  marine 
terraces,  which,  merging  insensibly  into  those  of  the  present  day, 
are  termed  Recent  or  Prehistoric. 


Section  I. — Pleistocene  or  Glacial. 
§  1.  General  Characters. 

Under  the  name  of  the  Glacial  Period  or  Ice  Age,  a  remarkable 
geological  episode  in  the  history  of  the  northern  hemisphere  is 
aenoted.^  The  Crag  deposits  (p.  873)  afford  evidence  of  a  gmdual 
refrigeration  of  climate  at  the  close  of  the  Tertiary  ages.  This 
change  of  temperature  affected  the  higher  latitudes  aUke  of  the  Old 
and  me  New  World.  It  reached  such  a  height  that  the  whole  of  the 
north  of  Europe  was  buried  under  snow  and  ice,  extending  southwards 
even  as  far  as  Saxony.    The  Alps  and  Pyrenees  were  loaded  with 

'  Ko  section  of  geological  history  now  possesses  a  more  roluminous  Uteratnre  than 
the  Glacial  Period,  especially  in  Britain  and  North  America.  For  general  informa- 
tion the  student  may  refer  to  LyeU's  Antiquity  o/^  Man,  J.  Geikie*8  Oreal  lee  Age,  J. 
Croll's  Climate  and  TVme,  and  for  detailed  descriptions,  to  the  Quart.  Joum.  Geoh  ooc., 
Choi.  Mag.y  and  Amer.  Jotim.  Science,  for  the  last  fifteen  or  twenty  years. 
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Tast  snow-fieldsy  froia  which  enormoiis  glaciers  descended  into  the 
plains,  oYerriding  ranges  of  minor  hills  on  their  way.  The  greater 
portion  of  Britain  was  similarly  ice-coTered.  In  North  America 
also,  Canada  and  the  eastern  States  of  the  American  Union  down  to 
abont  the  39th  parallel  of  north  latitude,  lay  under  the  northern  ioe- 
sheet.  The  effect  of  the  movement  of  the  ice  was  necessarily  to 
remore  the  soils  and  superficial  deposits  of  the  land  sur&ce.  Hence 
in  the  areas  of  country  so  affected,  the  ground  having  been  scraped 
and  smoothed,  the  glacial  accumulations  laid  down  upon  it  usually 
rest  abruptly,  and  without  any  connection,  on  older  rocks.  Con- 
siderable local  differences  may  be  observed  in  the  nature  and  suc- 
cession of  the  different  deposits  of  the  glacial  period,  as  they  are 
traced  from  district  to  district  It  is  hardly  possible  to  determine, 
in  some  cases,  whether  certain  portions  of  the  series  are  coeval  or 
belong  to  different  epochs.  But  the  following  leading  facts  have 
been  established.  First,  there  was  a  gradual  increase  of  the  eoM, 
though  with  warm  intervals,  until  the  conditions  of  modem  North 
Greenland  extended  as  fer  south  as  Middlesex,  Wales,  the  south-west 
of  Ireland,  and  50°  N.  lat  in  central  Europe,  and  about  39*^  N.  lat  in 
Eastern  America.  This  was  the  culmination  of  the  Ice  Age, — the 
first  or  chief  period  of  glaciation.  Then  followed  a  long  interval 
marked  probably  by  a  succession  of  warmer  interglacial  periods,  and 
during  some  part  of  its  continuance  by  a  partial  depression  of  the  land 
and  the  spread  of  cold  Arctic  water  over  the  submerged  tracts,  with 
abundant  floating  ice.  The  subsidence  was  succeeded  by  a  re -eleva- 
tion, with  renewed  augmentation  of  the  snow-fields  and  glaciers, — a 
second  period  of  glaciation.  Very  gradually,  and  after  mtervals  of 
increase  and  diminution,  the  ice  retired  towards  the  north,  and  with 
it  the  Arctic  flora  and  fauna  that  had  peopled  the  plains^of  Europe^, 
Canada,  and  New  England.  The  existing  snow-fields  and  glaciers 
of  the  Pyrenees,  Switzerland,  and  Norway  are  remnants  of  the  great 
ice- sheets  of  the  glacial  period,  while  the  Arctic  plants  of  the  moun- 
tains are  relics  of  the  northern  vegetation  that  covered  the  lowlands 
of  Europe  from  Norway  to  Spain. 

The  general  succession  of  events  has  been  the  same  throughout 
all  the  European  region  north  of  the  Alps,  and  in  Canada,  Labrador, 
and  the  north-eastern  States,  though  of  course  with  local  modifica- 
tions. The  following  summair  embodies  the  main  ikcts  in  the 
history  of  the  Ice  Age.  Some  local  details  are  given  in  8ubee<]iieiil 
jmgea 

Fre-glacial  Land-surfaces. — Here  and  there  fragments  ct 
the  land  over  which  the  ice-sheets  of  the  glacial  period  settled  have 
escaped  the  general  extensive  ice-abrasion  of  that  ancient  terrestiial 
surface,  and  have  even  retained  portions  of  the  forest  growth  that 
covered  them.  One  of  the  best  known  of  these  fragments  is  the 
*'  Forest  bed,"  afready  referred  to  (p.  874).  Above  that  deposit  thete 
is  seen  here  and  there  on  the  Norfolk  coast  a  local  or  intennittcst 
bed  of  clay  containing  remains  of  Arctic  plants  (iSWi»  jwfam,  JBMa/c 
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nana,  &c.  (Fig.  426).  These  relics  of  a  teiTestrial  vegetation  are 
drifted  specimens,  but  they  cannot  have  travelled  far,  and  they 
probably  represent  a  portion  of  the  Arctic  flora  which  had  already 
found  its  way  into  the  middle  of  England  before  the  advent  of  the 
ice-sheet.  Judging  from  the  present  distribution  of  the  same  plants, 
we  may  infer  that  the  climate  had  become  about  2QP  colder  than  it 
was  during  the  time  represented  by  the  Forest-bed — a  difference  as 
great  as  that  between  Norfolk  and  the  North  Cape  at  the  present 
day.^ 

Ice-worn  Bocks. — At  the  base  of  the  glacial . deposits  the 
solid  rocks  over  the  whole  of  northern  Europe  present  the  charac- 
teristic smoothed  flowing  outlines  produced  by  the  grinding  action 


Fig.  425. — Abctio  Plants  from  Glacial  Beds. 

a,  Salix  polaris  (Wahlenb.)  (§) ;  (,  Betula  nana  (Linn.)  ;  c,  Leaf  of  same,  ehowiug  the 
size  to  which  it  grows  in  more  sonthom  countries. 

of  land-ice  (p.  413).  Long  exposed,  this  peculiar  surface  is  apt  to 
be  effaced  bv  the  disintegrating  action  of  the  weather,  though  it 
retains  its  hold  with  extraordinary  pertinacity.  Along  the  i^ords  of 
Norway  and  the  sea-lochs  of  the  west  of  Scotland,  it  may  be  seeii 
slipping  into  the  water,  smooth,  bare,  polished,  and  grooved  as  if  the 
ice  nad  only  recently  retreated.  Inland,  where  a  protecting  cover 
of  clay  or  other  superficial  deposits  has  been  newly  removed,  the 
peculiar  ice- worn  surface  is  as  fresh  as  that  by  the  side  of  a  modem 
glacier.  Observations  of  the  directions  of  the  striae  have  shown 
that  on  the  whole  these  markings  diverge  from  the  main  masses  of 
high  ground.  This  radiation  is  admirably  seen  in  the  British 
Islands,  where  each  block  of  elevated  land,  such  as  the  Grampians, 
the  southern  uplands  of  Scotland,  and  the  hiUs  of  the  Lake  district, 
served  as  centres  whence  the  ice  flowed  downwards  and  outwards  iu 
all  directions  into  the  plains  or  into  the  sea.  In  Scandinavia  the 
ice-strias  run  westwards  and  south-westwards  on  the  Norwegian 
coasts,  and  eastwards  or  south-eastwards  across  the  lower  ground  of 

'  C.  Reid,  Horizontal  Section,  No.  127  of  Geoh  Survey,  and  Memoir  on  Cromer 
district  in  Memoirs  of  Geo!.  Surrey. 
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Sweden.  When  the  ice  descended  into  the  basin  of  the  Baltic  and 
the  plains  of  northern  Germany,  it  moved  southwards  and  sonth- 
westwardsy  bnt  seems  to  have  slightly  changed  its  direction  in 
different  areas  and  at  different  times.  Its  movements  can  be  made 
out  partly  from  the  striss  on  the  solid  rock,  but  more  generally  from 
the  glacial  drift  which  it  has  left  behind.  Thus  it  can  be  shown  to 
have  moved  down  the  Baltic  into  the  North  Sea.  At  Berlin  its 
movement  must  have  been  from  east  to  west.  But  at  Leipaic^  as 
recently  ascertained  by  Credner,  it  came  from  N.N.W.  to  S.SJEL, 
being  doubtless  shed  off  in  that  direction  by  the  high  grounds  of  the 
Harz  Mountains.  Its  southern  Umit  can  be  traced  with  tolerable 
clearness  from  Jevennaar  in  Holland  eastwards  across  the  Rhine 
valley,  along  the  base  of  the  Westphalian  hills,  round  the  projecting 
promontory  of  the  Harz,  and  then  southwards  through  Saxony  to 
the  roots  of  the  Erzgebirge.  Passing  next  south-eastwwls  along  the 
flanks  of  the  Biesen  and  Sudeten  chain,  it  sweeps  across  Poland  into 
Bussia,  circling  round  by  Kieff,  and  northwards  by  Niini  Novgorod 
towards  the  Urals.  It  has  been  estimated  that,  excluding  Fiiuand, 
Scandinavia,  and  the  British  Isles,  the  ice  must  have  covered  no  less 
than  1,700,000  squaro  kilometres  of  the  present  lowlands  of  Europe. 
Some  idea  of  the  massiveness  of  the  ice-sheet  is  obtainable  from 
a  consideration  of  the  way  in  which  the  striae  run  across  important 
hill  raises,  and  athwart  what  might  seem  to  be  their  natural  direc* 
tion.  Whilst  thero  was  a  general  southward  movement  from  the 
great  snow^fields  of  Scandinavia,  the  high  grounds  of  Britain  were 
important  enough  to  have  their  own  independent  ice,  which,  as  the 
strisD  show,  radiated  outward,  some  of  it  passing  westwards  into  the 
Atlantic,  and  some  of  it  eastward  into  the  North  Sea.  So  Uiick 
must  it  have  been  as  it  moved  off  the  Scottish  Highlands  that  it 
went  across  the  broad  plains  of  Perthshiro,  filling  them  up  to  a 
depth  of  at  least  2000  feet,  and  passing  across  l£e  range  of  the 
Ocnil  Hills,  which  at  a  distance  of  twelve  miles  runs  pamllel  with 
Ihe  Hi^hland^  and  reaches  a  height  of  2352  feet.  Many  mountains 
in  the  Highlands  are  glaciated  up  to  heights  of  3000  feet  and  more, 
while  lakes  at  their  feet  600  feet  deep  have  been  well  ice-worn.  It 
has  been  observed  that  the  strisD  along  the  lower  slopes  of  a  hill 
barrier  run  either  parallel  with  the  trend  of  the  ground  or  slant  up 
obliquely,  while  those  on  the  summits  may  cross  the  ridge  at  right 
angles  to  its  course,  showing  a  differential  movement  in  the  great 
ice-sheet,  the  lower  parts,  as  in  a  river,  becoming  embayed,  and  behig 
forced  to  move  in  a  direction  sometimes  even  at  a  right  angle  to 
that  of  the  general  advance.  On  the  lower  grounds,  also,  the  striae, 
converging  from  different  sides,  unite  at  last  in  one  general  trend  as 
the  various  ice-sheets  must  have  done  when  they  descended  frt>m 
the  hi^  c^rounds  on  either  side  and  coalesced  into  one  common 
mass.  This  is  well  seen  in  the  great  central  valley  of  Scotland. 
Still  moro  marked  is  tlie  deflection  of  the  striae  in  Caithness  and  the 
Orkney  and  Shetland  Islands.    In  these  districts  the  general  direo* 
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tion  of  the  striation  is  from  S.S.E.,  which,  in  Caithness,  is  nearly  at 
right  angles  to  what  might  have  been  anticipated.  This  deflection 
h^  been  attributed  to  the  coalescence  of  the  ice  from  Norway  and 
from  the  northern  Highlands  in  the  basin  of  the  North  Sea,  and  its 
subsequent  progress  luong  the  resultant  north-westerly  line  into  the 
Atlantic.  But  it  may  have  been  due  to  the  fan-shaped  spreading 
out  of  the  vast  mass  of  ice  descending  into  the  Moray  Firth ;  for  the 
striae  on  the  south  side  of  that  inlet  run  E.  by  S.,  and  at  last  S^E.,  on 
the  north-east  of  Aberdeenshire,  showing  that  the  ice  on  the  one 
hand  turned  southwards  into  the  North  Sen,  until  it  met  the  N.E. 
stream  from  Kincardineshire  and  the  valleys  of  the  Dee  and  Don, 
while  on  the  other  it  moved  northward  so  as  no  doubt  to  join  the 
Scandinavian  sheet,  and  march  with  it  into  the  Atlantic.  The  basin 
of  the  North  Sea  must  have  been  choked  up  with  ice  in  its  northern 
mrts,  if  not  entirely.  At  that  time  England  and  the  north-west  of 
France  were  probably  united,  so  that  any  portion  of  the  North  Sea 
basin  not  invaded  by  land-ice  must  have  formed  a  lake,  with  its  outlet 
by  the  hollow  through  which  the  Strait  of  Dover  has  since  been 
opened.  It  has  been  suggested  that  during  such  a  condition  of  things 
the  widespread  deposit  termed  Loess  was  formed,  which  covers  so 
large  a  space  in  the  lower  plains  of  the  Rhine  and  the  north  of 
Belgium  (Hesbayan  mud),  and  appears  in  the  valleys  of  the  south- 
east of  England. 

The  ice  is  computed  to  have  been  at  least  between  6000  and 
7000  feet  thick  in  Norway,  measured  from  the  present  sea-leveL 
From  the  height  at  which  its  transported  debris  has  been  observed 
on  the  Harz,  it  is  believed  to  have  been  at  least  1470  feet  thick 
there,  and  to  have  gradually  risen  in  elevation  as  one  vast  plateau, 
like  that  which  at  the  present  time  covers  the  interior  of  Greenland. 
Among  the  Alps  it  attained  almost  incredible  dimensions.  The 
preseut  suowfields  and  glaciers  of  these  mountains,  large  though 
they  are,  form  no  more  than  the  mere  shrunken  remnants  of  the 
great  mantle  of  snow  and  ice  which  then  overspread  Switzerland. 
In  the  Bernese  Oberland,  for  example,  the  valleys  were  filled  to  the 
brim  with  ice,  which,  moving  northwards,  crossed  the  great  plain, 
and  actually  overrode  a  part  of  the  Jura  Mountains ;  for  huge  frag- 
ments of  granite  and  other  rocks  from  the  central  chain  of  the  Alps 
are  found  high  on  the  slopes  of  that  range  of  heights. 

That  the  ice  in  its  march  across  the  land  striated  even  the 
hardest  rocks  by  means  of  the  Fand  and  stones  which  it  pressed 
against  them,  is  a  proof  that,  to  some  extent  at  least,  the  terrestrial 
surface  must  have  been  at  this  time  abraded  and  lowered  in  level. 
How  far  this  erosion  proceeded,  or  in  other  words,  how  much  of  the 
undoubtedly  enormous  denudation  everywhere  visible  over  the 
glaciated  parts  of  Europe,  is  attributable  to  the  actual  work  of  land- 
ice,  is  a  problem  which  may  never  be  even  approximately  solved  (see 
p.  338).  The  land  had  the  same  general  features  of  mountain,  valley, 
and  plain  as  it  has  now,  even  before  the  ice  settled  down  upon  it.  But 
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the  prominences  reached  by  the  ice  were  rounded  off  and  smoothed 
over,  the  pre-glacial  soils  and  covering  of  weathered  rock  were  gromid 
np  and  pushed  away,  the  valleys  were  deepened  and  widened,  and  the 
plains  were  strewn  with  ice-borne  debris.  It  is  obvious  that  the  in- 
fluence of  the  moving  ice-sheets  has  been  far  from  uniform  upon 
the  rocks  exposed  to  it,  this  variation  arising  from  the  differences  in 
powers  of  resistance  of  the  rocks  on  the  one  hand,  and  in  the  mass, 
slope,  and  grinding  power  of  the  ice  on  the  other.  Over  the  low- 
lauds,  as  in  central  Scotland  and  much  of  the  north  Grerman  plain, 
the  rocks  are  for  the  most  part  concealed  under  glacial  debris.  But 
in  the  more  undulating  hilly  ground,  particularly  in  the  north  and 
north-west,  the  ice  has  effected  the  most  extraordinarjr  abrasion-  It 
is  hardly  possible,  indeed,  to  describe  adequately  m  words  these 
r^ious  of  most  intense  glaciation.  The  old  gneiss  of  Norway  and 
Sutherlandshire,  for  example,  has  been  so  eroded,  smoothed,  and 
polished,  that  it  stands  up  in  endless  rounded  hummocks,  many  of 
them  still  smooth  and  curved  like  dolphins'  backs,  with  little  pools, 
tarns,  and  larger  lakes  lying  between  them.  Seen  from  a  height 
the  ground  appears  like  a  billowy  sea  of  cold  grey  stone.  The  lakes^ 
each  lying  in  a  hollow  of  erosion,  seem  scattered  broadcast  over  the 
landscape.  So  enduring  is  the  rock,  that  even  after  the  lapse  of  so 
lon^  an  interval,  it  retains  its  ice-worn  aspect  almost  as  unimpaired 
as  if  the  work  of  the  glacier  had  been  done  only  a  few  generattons 
since.^  The  connection  of  the  abundant  ice-ground  and  lake-fiUed 
rock-basins  of  glaciated  regions  with  the  erosive  work  of  land-ice  was 
first  pointed  out  by  Sir  Andrew  0.  Bamsay  (p.  417).  The  pheno- 
menon of  **  giants'  kettles  "  (p.  415)  is  another  mark  of  the  same  pro- 
cess of  erosion. 

Ice-crumpled  Bocks. — Not  only  has  the  general  surface  of  the 
land  been  abraded  by  the  ice-sheets,  but  here  and  there  more  yield- 
ing portions  of  the  rocks  have  been  broken  off  or  bent  back,  or  cor- 
rugated by  the  pressure  of  the  advancing  ice.  Huge  blocks  200 
yards  or  more  in  length,  as  in  the  case  of  the  chalk  erratics  in  the 
cliffs  of  Cromer,  have  been  bodily  displaced  and  launched  forward  on 
glacial  detritus.  The  laminfe  of  shales  or  slates  are  observed  to  be 
l)U8hod  over  or  crumpled  in  the  direction  of  ice-movement.  Occa- 
sionally tongues  of  the  glacial  detritus  which  was  simultaneously 
being  press^  fon?s'ard  under  the  ice  have  been  intruded  into  cracks 
in  the  strata,  so  as  to  resemble  veins  of  eruptive  rock. 

Detritus  of  the  Ice-sheet — Boulder-clay — ^Till — Older 
Diluvium. — ^Underneath  the  great  ice-sheet,  and  perhaps  largely 
incorporated  in  the  lower  portions  of  the  ice,  there  accumulated  a 
mass  of  earthy,  sandy,  and  stony  matter  rtill,  boulder-clay,  "  grund- 
morane,"  "  moraine-profonde  '*)  which,  pusned  along  and  ground  up, 
was  the  agent  whereby  the  characteristic  flowing  outlines  and 
smoothed  striated  surfaces  were  produced.*    This  ** glacial  drift*' 

^  Somo  of  these  roohes  moutonn^es  are  of  Palsoozoio  age  (Nature,  August  1880\, 

*  When  the  formntion  of  the  till  began  the  materials  may  have  consisted  Inrg^j  oft 
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spreads  over  the  low  ground  of  the  glaciated  districts  and  may  even 
be  traced  up  the  valleys  of  the  smaller  groups  of  hills,  whence  it  was 
not  wholly  removed  by  the  erosion  of  the  later  glaciation.  Thus 
it  extends  all  over  the  low  grounds  of  North  Germany,  Denmark, 
Holland,  Scandinavia,  Scotland,  and  much  of  England  and  Ireland, 
resting  usually  on  surfaces  of  rock  that  have  been  worn  smooth,  dis- 
rupted, or  crumpled  by  ice.  It  is  not  spread  out,  however,  as  a  uni- 
form sheet,  but  varies  greatly  in  thictness  and  in  iiTegularity  of 
surface.  Especially  round  the  mountainous  centres  of  dispersion  it 
is  apt  to  occur  in  long  ridges  or  "  drums,"  which  run  in  the  general 
direction  of  the  rock-striation,  that  is,  in  the  path  of  the  ice-move- 
ment. 

In  those  area?  which  served  as  independent  centres  of  dispersion 
for  the  ice-sheet,  the  boulder-clay  partakes  largely  of  the  local 
character  of  the  rocks  of  each  district  where  it  occurs.  Thus  in 
Scotland  the  clay  varies  in  colour  and  composition  as  it  is  traced 
from  district  to  district.  Over  the  Carboniferous  rocks  it  is  dark, 
oyer  the  Old  Red  Sandstones  it  is  red,  over  the  Silurian  rocks  it  is 
fawn-coloured.  The  great  majority  of  the  stones,  also,  are  of  local 
origin,  not  always  from  the  immediately  adjacent  rocks,  but  from 
points  within  a  distance  of  a  few  miles.  Evidence  of  transport  can  be 
gathered  from  the  stones,  for]  they  are  found  in  almost  every  case  to 
include  a  proportion  of  fhtgments  which  have  come  from  a  distance. 
The  direction  of  transport  indicated  by  the  percentage  of  travelled 
stones  agrees  with  the  traces  of  ice-movement  as  shown  by  the  rock- 
8tri».  Thus,  in  the  lower  part  of  the  valley  of  the  Firth  of  Forth,  while 
most  of  the  fragments  are  from  the  surrounding  Carboniferous  rocks, 
from  5  to  20  per  cent  have  come  eastward  from  the  Old  Red  Sand- 
atone  range  of  the  Ochil  Hills — a  distance  of  25  or  30  miles — ^while 
2  to  5  per  cent  are  pieces  of  the  Highland  rocks,  which  must  have 
come  from  high  grounds  at  least  50  miles  to  the  north-west.  As  each 
main  mass  of  elevated  ground  seems  to  have  caused  the  ice  to  move 
outward  from  it  for  a  certain  distance,  until  the  stream  coalesced 
with  that  descending  from  some  other  height,  the  bottom-moraine  or 
boulder-clay,  as  it  was  pushed  along,  would  doubtless  take  up  local 
debris  by  tne  way,  the  aetritus  of  each  district  becoming  more  and 
more  ground  up  and  mixed,  until  of  the  stones  from  remoter  regions 
only  a  few  harder  fragments  would  be  left.  In  cases  where  no  pro- 
minent ridges  interrupted  the  march  of  the  ice-sheet,  and  where  the 
ground  was  low  and  covered  with  soft  loose  deposits,  blocks  of  hard 
crystalline  rocks  might  continue  to  be  recognizable  far  from  their 


layer  of  decomposed  rock  due  to  proloBf^ed  pre-glacial  dUiategration  (p.  338).  It  is 
difficult  to  explain  by  any  known  glacial  operation  the  accumulation  of  Buch  deep 
masses  of  detritus  below  a  sheet  of  moving  land-ioe.  Another  problem  is  presented  by 
the  oecasional  and  sometimes  extensiTO  preservation  of  undisturbed  loose  pie-glaoial 
deposits  under  the  tiU.  The  way  in  which  the  **  Forest- bed  "  group  has  escaped  for  so 
wide  a  space  under  the  Cromer  cliffs,  with  their  proofs  of  enormous  *ice-movement,  is  a 
remarkable  example. 
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source.    Thus  in  the  stony  clay  and  gravel  of  the  plains  of  northeD 
Germany  and  Holland,  besides  the  abundant  locally-deriTed  d^itH» 
fragments  occur  which  have  had  an  unquestionably  northern  ongiB. 
Some  of  the  rooks  of  Scandiuayia,  Finland,  and  the  Upper  Baltic  are 
of  so  distinctive  a  kind  that  they  can  be  recognized  m  small  piece& 
Thus  the  peculiar  syenite  of  Laurwi^  in  the  south  of  Norway  has 
been  recognized  abundantly  in  the  drift  of  Denmark ;  it  occurs  also  in 
that  of  Hamburg,  and  has  been  detected  even  in  the  boulder-day  of 
the  Holderness  diffs  in  Yorkshire.    The  well-known  rhombenporphyr 
of  southern  Norway  has  likewise   been  recognized  at  Holderness. 
Fragments  of  the  Silurian  rocks  from  Gothland,  or  from  the  Bussian 
islands  Da^o  or  Oesel,  have  been  met  with  as  far  as  the  north  of 
Holland.    Jrieees  of  granite,  gneiss,  various  schists,  porphyries,  and 
other  rocks,  probably  from  the  north  of  Europe,  occur  m  the  till  of 
Norfolk.^    Tnese  transported  fragments  are  an  impressive  testimony 
to  the  movements  of  the  northern  ice.    No  Scandinavian  blocks  have 
been  met  with  in  Scotland,  for  the  ice  in  that  country  was  massive 
enough  to  move  out  into  the  basin  of  the  North  Sea  (then  doubtlesB 
in  great   part  usurped  by  glaciers)  until   it  met  that  which  was 
streaming  down  from  Scandinavia  and  thus  kept  it  from  bringing  its 
freight  of  rock  debris.    But  the  Norwegian  ice-sheet,  which  crept 
soumwards  across  Denmark,  once  extended  across  the  North  Sea  to 
the  Yorkshire  and  Norfolk  coasts,  unless  we  suppose  that  the  Scandi- 
navian stones  of  Holderness  and  Cromer  were  carried  on  floating  ice. 

The  stones  in  the  boulder-clay  have  a  characteristic  form  and 
surface.  They  are  usually  oblong,  have  one  or  more  flat  sides  or 
*'  soles,"  are  smoothed  or  polished,  and  have  their  edges  worn  roond 
(Fig.  154).  Where  they  consist  of  a  fine-grained  enduring  rock,  they 
are  almost  invariably  found  to  be  striated,  the  strisB  running  on  thd 
whole  with  the  long  axis  of  the  stone,  though  one  set  of  scratches  may 
be  seen  crossing  and  partially  effacing  another,  which  would  neces- 
sarily happen  as  the  stones  shifted  their  position  under  the  ice.  These 
markings  are  precisely  similar  to  those  on  the  solid  rocks  underneath 
the  bomder-clay,  and  have  manifestly  been  produced  in  the  same 
way  by  the  friction  of  stones  and  grains  of  sand  as  the  whole  mass  of 
debris  was  being  steadily  pushed  on  in  one  general  direction. 

Interglacial  Beds. — ^The  boulder-clay  is  not  one  uniform 
mass  of  material.  In  a  limited  section,  indeed,  it  usually  appears  as 
an  unstratified  mass  of  stiff  stony  clay.  But  it  is  found  on  further 
examination  to  be  split  up  with  various  inconstant  and  local  inte^ 
stratifications,  and  in  fact  to  consist  of  a  group  of  denosits  of  different 
ages  and  formed  under  very  various  conditions.  Beos  of  sand,  gravel 
fine  clay,  and  peaty  layera  on  different  platforms  in  the  bouldeiH^ay, 
bear  witness  to  intervals  when  the  ice  retired  from  the  land,  which,  so 

>  These  erratics  from  ihoir  petrograpbical  characters  appear  to  me  to  be  ceitaiol/ 
not  from  Scotland.  Had  that  been  their  source  they  oould  not  have  failed,  to  be  accom- 
panied by  abundant  fragments  of  the  rocks  of  the  south  of  Scothuid,  which  are  ceo* 
spicuously  absent. 
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ikr  as  oncoveredy  was  eyentaally  clothed  with  vegetation.  Hence  the 
long  glaeial  period  must  have  been  interrupted  by  episodes,  probably 
of  considerable  duration,  when  a  milder  climate  prevailed.  Such  an 
alternation  of  conditions  is  explained  on  the  hyjxithesis  diacnased  in 
previous  pages  (pp.  21-29).  During  these  intervals  the  Arctic 
mammals — we  hairy  mammoth,  rhinoceros,  rein-deer,  musknsheep, 
Arctic  fox,  glutton,  and  lemming — peopled  the  lower  groimds.  The 
mammoth  advanced  at  least  as  far  south  as  the  now  extinct  volcanoes 
of  central  Italy,  which  were  then  in  full  activity.  The  rein* deer 
migrated  southwards  into  Switzerland,  the  glutton  into  Auvergne, 
while  the  musk  sheep  and  Arctic  fox  travelled  certainly  as  far  as  the 
P^rrenees.  When  tne  climate  became  less  chilly  and  allowed  the 
animals  of  a  more  southern  type  to  advance  into  Europe,  the  regions 
from  which  the  Arctic  foxes  now  retreated  were  visitea  by  the  porcu- 
pine, leopard,  African  lynx,  lion,  striped  and  spotted  hyaenas,  African 
elephant,  and  hippopotamus. 

Evidences  of  Submergence. — ^After  the  ice  had  attained 
its  greatest  development,  some  portions  of  north-western  Europe 
which  had  perhaps  stood  at  a  higher  level  above  the  sea  than  they 
have  done  since,  began  to  subside.  The  ice-fields  were  carried  down 
below  the  sea-level,  where  thev  broke  up  and  cumbered  the  sea  with 
floating  bergs.  The  heaps  of  loose  debris  which  bad  gathered  under 
the  ice,  being  now  exposed  to  waves,  ground-swell,  and  marine 
currents,  were  thereby  more  or  less  washed  down  and  reasserted. 
Ck>a8t-ice,  no  doubt,  still  formed  along  the  shores,  and  was  broken 
up  into  moving  floes,  as  happens  every  year  now  in  northern  Green- 
land. The  proofs  of  this  phase  of  the  long  glacial  period  are  contained 
in  the  sands,  gravels,  erratic  blocks,  and  stratified  clays  which  overlie 
the  coarse  older  till.  It  is  difficult  to  determine  the  extent  of  the 
submergence,  for  when  the  land  rose  the  more  elevated  portions 
continued  to  be  the  seats  of  glaciers,  which,  moving  over  the  surface, 
destroyed  the  deposits  that  would  otherwise  have  remained  as 
witnesses  of  the  presence  of  the  sea,  while  at  the  same  time  the  great 
bodies  of  water  discharged  from  the  retreating  glaciers  and  snow- 
Selds  must  have  done  much  to  reassert  the  detritus  on  the  surface  of 
the  land.  The  most  satis&ctory  evidence  of  submersion  is  un- 
ioobtedly  that  supplied  by  beds  of  marine  shells.  From  data  of 
this  kind  we  know  that  southern  Scandinavia  sank  about  600  feet 
i>elow  its  present  level,  while  North  Wales  appears  to  have  gone 
iown  at  least  1350  feet^ 

That  ice  continued  to  float  about  in  these  waters  is  shown  by  the 
>triated  stones  contained  in  the  fine  clays,  and  by  the  remarkably 
M>ntorted  structure  which  these  clays  occasionally  display.  Sections 
nay  be  seen  (as  at  Cromer)  where,  upon  perfectly  undisturbed 

*  Mere  fragments  of  marine  shells  in  a  glacial  deposit  need  not  prove  submergence 
inder  the  sea;  for  thev  may  have  been  pushed  up  from  the  sea-floor  by  moving  ioe,  as 
n  the  ease  of  the  shelly  till  of  the  west  of  Scotland,  Caithness,  Holdemess,  and  Cromer. 
3nt  beds  of  unbroken  shells  evidentiv  assorted  in  water  may  be  taken  as  good  evidence 
»f  the  former  presence  of  the  sea  on  their  site. 
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horizontal  strata  of  clay  and  sand,  other  similar  strata  baTB 
violently  crumpled,  whUe  horizontal  beds  lie  directly  upon 
These  contortions  may  have  been  produced  by  the  horizontal  prosuv 
of  some  heavy  body  moving  upon  the  originally  flat  beds»  soA  •» 
ice  in  the  form  of  an  ice-sheet  or  of  large  stranding  masses  dmei. 
aground  in  the  fjords  or  shallow  waters  where  the  clays  aocomiilated 
or  possibly  in  some  cases  sheets  of  ice,  laden  with  stones  and  eartK 
sanK  and  were  covered  up  with  sand  and  clay,  whichy  on  the  snfcs^ 
quent  melting  of  the  ice,  would  subside  irregularly.  Another  indi- 
cation of  the  presence  of  floating:  ice  is  furnished  by  large  booMerv 
scattered  over  the  country,  and  Iving  sometimes  on  the  stmiifiei 
sands  and  gravels,  though  no  doubt  many  of  the  so-called  emiici 
belong  to  the  time  of  the  chief  glaciation. 

The  sands  and  gravels  which  overlie  the  boulder-clay  or  elder 
diluvium  present  some  curious  problems.  Covering  the  lower  gnmmd 
in  a  sporadic  manner,  often  tolerably  thick  on  the  plains,  they  r»e 
up  to  heights  of  1000  feet  or  more.  In  some  places  they  caimot  be 
satisfactorily  separated  from  the  sands  and  gravels  associated  vitii 
the  boulder-clay,  in  others  thev  seem  to  merge  into  the  mnij 
deposits  of  the  raised  beaches,  while  in  hilly  tmds  it  is  sooftedflMK 
hard  to  distin^ish  between  them  and  true  moraine-stufil  Their 
most  remarkable  mode  of  occurrence  is  when  they  assume  the  form  of 
mounds  and  ridges  which  run  across  valleys  and  plains,  along  hfll* 
sides,  and  even  over  watersheds.  Frequently  these  ridgee  coalasoe 
so  as  to  enclose  basin-shaped  hollows,  which  are  often  oooapied  by 
tarns.  Many  of  the  most  marked  ridges  are  not  more  than  50  or  M 
feet  in  diameter,  sloping  up  to  the  crest,  which  may  be  20  or  30 
feet  above  the  plain.  A  single  ridge  may  occasionally  be  trared 
in  a  slightly  sinuous  course  for  several  milea  These  ridges,  koowv 
in  ScoUand  as  kames,  in  Ireland  as  eskers,  and  in  ScandiDaTii 
as  osar,  consist  sometimes  of  coarse  gravel  or  earthy  detritus,  bvt 
more  usually  of  clean,  well-stratified  sand  and  gravel,  the  stratifies- 
tion  towards  the  surface  corresponding  with  the  external  slopes  of 
the  ground,  in  such  a  manner  as  to  prove  that  the  ridges  are  osnaBy 
original  forms  of  deposit,  rather  than  the  resnlt  of  the  irregular  erosioa 
of  a  general  bed  of  sand  and  gravel.  Some  writers  have  eomparvd 
these  features  to  the  submarine  banks  formed  in  the  pathway  of  ti<U 
currents  near  the  shore.  Others  have  supposed  them  rather  to  be  of 
terrestrial  origin,  due  to  the  melting  of  the  great  snow-fields  sad 
glaciers,  and  the  consequent  discharge  of  large  qnantities  <^  wster 
over  the  country.  But  no  very  satirfactory  escplanation  of  them  W 
yet  been  given. 

Second  Glaciation — ^Be-elevation — ^Raised  Beachea — 
When  the  land  re-emerged  from  its  depression,  the  temperators  sD 
over  central  and  northern  Europe  was  again  severe.  Vast  sheets  ct 
ice  still  held  sway  over  the  mountains,  and  continued  to  deeoeml  iaio 
the  lower  tracts  and  to  go  out  to  sea.  To  this  period  are  asofted 
certain  terraces  or  **  parallel-roads "  which  run  along  the  sid«s  tl 
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valleys  in  the  Scottish  Highlands.  It  is  believed  that  the  mass  of  ice 
descending  from  some  of  the  loftier  snowfields  of  the  time  was  so  great 
as  to  accumnlate  in  front  of  lateral  valleys,  and  to  so  choke  them  up 
as  to  cause  the  water  to  accumulate  in  them  and  flow  out  in  an  oppo- 
site direction  by  the  cd  at  the  head.  In  these  natural  reservoirs  tbe 
level  at  which  the  water  stood  for  a  time  was  marked  by  a  horizontal 
ledge  or  platform  due  partly  to  erosion  of  the  hill-side  and  partly  to 
the  lu-rest  of  the  descending  debris  when  it  entered  the  water. 

Every  group  of  mountains  nourished  its  own  glaciers ;  even  small 
islands,  such  as  Arran  and  Hoy  in  Scotlaod,  had  their  snowfields, 
whence  glaciers  crept  down  into  the  valleys  and  shed  their  moraines. 
It  would  appear  inaeed  that  some  of  the  northern  glaciers  of  Scotland 
continued  to  reach  the  sea-level  even  when  the  land  had  risen  to 
vritbin  50  feet  or  less  of  its  present  elevation.  On  the  east  side  of 
Sutherlandshire  the  moraines  descend  to  the  50-feet  raised  beach ; 
on  the  west  side  of  the  same  county  they  come  down  still  lower.  The 
higher  mountains  of  Europe  still  show  the  descendants  of  these  later 
glaciers,  but  the  ice  has  retreated  from  the  lower  elevations.  In  the 
Vosges  the  glaciers  have  long  disappeared,  but  their  moraines  re- 
main still  fresh.  In  Wales,  Cumberland,  and  the  southern  uplands  and 
Highlands  of  Scotland,  where  moraines,  perched  blocks,  and  roche$ 
munUonnees  attest  the  abundance  and  persistence  of  the  last  glaciers, 
it  is  possible  to  trace  the  stages  of  the  gradual  retreat  of  the  ice 
towards  its  parent  snow-fields,  in  the  crescentrshaped  moraine  mounds 
that  lie  one  behind  another  until  they  finally  die  out  about  the  head 
of  the  valley,  near  what  must  have  been  the  edge  of  the  snow-field. 

The  uprise  of  the  land  in  Scandinavia  and  Britain  took  place 
interruptedly.  During  its  progress  it  was  marked  by  long  pauses 
when  tne  level  remained  unchanged,  when  the  waves  and  floating 
ice  cut  ledges  along  the  sea-margin,  and  when  sand  and  gravel  were 
accumulated  below  high-water  mark  in  sheltered  parts  of  the  coast- 
line. These  platforms  of  erosion  and  deposit  (raised  beaches)  form 
conspicuous  features  at  successive  heights  above  the  present  level  of 
the  sea  (p.  277V  The  coast  of  Scotland  is  fringed  by  a  succes- 
sion of  tnem.  Those  below  the  level  of  100  feet  above  the  sea  are 
often  remarkably  fresh.  The  100-feet  terrace  forms  a  wide  plateau 
in  the  estuary  of  the  Forth,  and  the  50-feet  terrace  is  as  conspicuous 
in  that  of  the  Clyde.  In  Scandinavia,  especiallv  in  the  northern 
parts  of  Norway,  the  successive  pauses  in  the  last  uprise  of  the 
land  are  impressively  revealed  by  long  lines  of  terraces  which  wind 
around  the  nill-slopes  that  encircle  the  ^ords  (p.  279). 

The  records  of  the  closing  ages  of  the  long  and  varied  Glacial 
Period  merge  insensibly  into  those  of  later  geological  times.  It  is 
obvious  that  besides  the  effect  of  a  general  change  of  climate  operating 
over  the  whole  of  the  northern  hemisphere,  we  must  remember  the 
influence  which  the  natural  features  of  different  countries  had  upon 
the  climate.  From  the  plains  the  ice  and  snow  would  retire  sooner 
than  from  the  hills.    In  fact,  we  may  regard  some  parts  of  Europe  as 
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still  retaining  the  conditions  of  the  Glacial  Period,  though  in 
diminished  intensity.  The  present  glaciers  of  the  Alps  are  no  doobt 
the  lineal  descendants  of  the  vaster  sheets  that  once  descended  intv 
the  lowlands  on  all  sides  from  that  central  elevated  region.  Axt\ 
even  where  the  ice  has  long  since  disappeared,  there  remain,  in  tb^ 
living  plfmts  and  animals  of  the  higher  and  colder  nplands,  mitoeme^ 
to  the  former  severity  of  the  climate.  As  that  severity  lesBeaed, 
the  Arctic  vegetation  that  hitherto  had  peopled  all  the  lover 
sronnds  of  central  and  western  finrope,  was  driven  up  into  the  bilb 
before  the  advance  of  plants  loving  a  milder  temperature,  nhich  bad 
doubtless  been  natives  of  Europe  before  the  period  of  great  ookL 
and  which  were  now  enabled  to  reoccupy  the  sit^  whence  they  hmi 
been  banished.  On  the  higher  mountains,  where  the  dimate  is  sdll 
not  wholly  uncongenial  for  them,  colonies  of  the  once  general  Arctie 
flora  still  survive.  The  Arctic  animals  have  also  been  mostly  drireB 
away  to  their  northern  homes,  or  have  become  wholly  extinct. 

It  has  been  forcibly  pointed  out  by  Mr.  Wallace  that  the  preteat 
mammalian  fauua  of  the  globe  presents  everywhere  a  strikii^  ochh 
trast  to  the  extraordinary  variety  and  great  size  of  the  TOftmrn^la  of 
the  Tertiary  periods.  **We  live,**  he  says, ''in  a  ssoologically  im- 
poverished world,  from  which  all  the  largest,  and  fiercest,  ami  strangest 
forms  have  recently  disappeared."  ^  He  connects  tins  remaricaUe 
reduction  with  the  refrigeration  of  climate  during  the  Glacial  PSeriod. 
The  change,  to  whatever  cause  it  may  be  assigned,  is  certainly  re- 
markably persistent  in  the  Old  World  and  in  the  New,  and  not 
merely  in  the  temperate  and  northern  re^ons,  but  even  as  hr  mmih 
as  the  southern  slopes  of  the  Himalaya  Mountain?. 

$  2.  Local  Development. 

Britain. — Though  the  generalized  succession  of  phenomena  aliu\r 

fiven  is  usually  observable,  some  variety  is  traceable  m  the  evidence  in 
ifferent  parts  of  the  British  area.  In  Scotland,  where  the  gnnunl  is 
generally  more  elevated,  and  where  snow  and  ice  were  most  abundant* 
the  phenomena  of  glaciation  reached  their  maximum  development.  la 
the  nigh  grounds  of  England,  Wales,  and  Ireland  there  was  likewiw 
extensive  accumulation  of  ice.  The  ice-worn  rooks  of  the  low  granadi 
are  usually  covered  by  boulder-day,  which  in  Scotland  is  interstimtified 
with  beds  of  sand,  fine  clav,  and  peat,  marking  interglaoial  terratrkl 
periods,  but  has  never  yielded  any  marine  organisms  except  near  the 
coast,  where  they  are  sometimes  conmion,  and  in  one  locality  in  Lanark- 
shire. In  England,  marine  shells,  usually  fragmentary,  occur  in  tk» 
boulder-days  both  in  the  eastern  and  western  counties.  The  ioci  sbctc 
no  doubt  passed  over  some  parts  of  the  sea-bottom,  and  Kround  up  the 
shell-banks  that  happened  to  lie  in  its  way,  as  has  nappened,  for 
example,  in  Caithness,  Holdemess,  and  East  Anglia,  where  the  thdk 
in  the  boulder-clay  are  fragmentary,  and  sometimes  ice- striated.  Tbt 
**  Bridlington  Crag  "  of  Yorkshire  is  regarded  by  Mr.  C  Reid  as  a  lar^ 

*  GtograpMcal  Didribution  o/AnimaU,  L  p.  150. 
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fragment  torn  from  a  submarine  Bbell-claj,  and  imbedded  in  the 
lx)^der-clay.  With  the  exception  of  such  marine  enclosures  the  organic 
contents  as  well  as  the  physical  characters  of  the  Scottish  till  point  to 
terrestrial  conditions  of  deposit  under  the  ice-sheet. 

The  records  of  the  submersion  of  Britain  are  probably  veiy  incom- 
plete. If  we  rely  only  on  the  evidence  of  actual  marine  shells  we  obtain 
the  lowest  limit  of  depression.  But  the  renewed  ice  and  snow,  after 
re-elevatioD,  may  well  nave  destroyed  most  of  the  shell-beds,  and  their 
destruction  would  be  most  complete  where  the  snowfields  and  glaciers 
were  most  extensive.  Beds  of  sand  and  gravel  with  recent  shells  have 
been  observed  on  Moel  Tryfaen,  in  North  Wales,  at  a  height  of  no  less 
than  1350  feet,  but  as  the  same  kind  of  deposits  in  which  they  occur 
extend  to  a  much  greater  height,  the  submergence  may  have  considerably 
exceeded  the  limit  at  which  the  shells  occur.  In  Cheshire  beds  of  shells 
have  been  met  with  at  a  height  of  1200  feet.     In  Scotland  the  highest 


«  f  g 

Fig.  426.  Group  op  Shells  from  the  Scottish  Glacial  Beds. 
a,  Pectenialandicus  (Mull.)  (J) ;  ft,  Leda  tnincata  (Brown)  (J) ;  o,  Leda  lanceolata  (Sow.) 
(Yoldift  arctica,  MuU.)  (J) ;  (/,  Tellina  lata  (Gmelin)  (T.  calcarea,  Wahl.)  (J) ;  e,  Saxi- 
cava  rugoea  (Pennant)  (i) ;  /,  Natica  clausa  (Brod.  and  Sow.)  (A) ;   g,  Trophon 
Bcalarifonne  (Gould)  (T.  clathratum)  ( J).  ^ 

level  from  which  they  have  yet  been  obtained  is  624  feet,  in  one  of  the 
interstratifications  in  the  boulder-clay  at  the  Lanarkshire  locality  just 
referred  to.  Subsequent  elevation  of  the  land  has  brought  up  within 
tide-marks  some  of  the  clays  deposited  over  the  sea-floor  during  the 
time  of  the  submergence.  In  the  Clyde  basin  and  some  of  the  western 
fjords  these  clays  (Clyde  beds)  are  full  of  shells.  Comparing  the  species 
with  those  of  the  adjacent  seas,  we  find  them  to  be  more  boreal  in 
character ;  nearly  the  whole  of  the  species  still  live  in  Scottish  seas, 
though  a  few  are  extremely  rare.  Some  of  the  more  characteristic 
northern  shells   in   these   deposits   are   Pecien   islandictu,   Tellina  lata 

ST.  eakarea),  Leda  truncaia,  L.  lanceolata  (  Yoldta  arctica),  Saxicava  rugosa, 
^anopsea   norvegica^   Trophon    scalariforme  (T.  claihratum\  and  Natica 
dauBa  (Fig.  426). 
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In  ibe  later  stages  of  the  Gli^bl  Fotiod  the  records  are  mmck  tfe 
same  aU  orer  Biitam,  aUowaDoe  hfong  made  for  the  greater  oold  «al 
longer  lingering  of  the  glaciers  in  the  north  than  in  the  aooth,  and 
among  ihe  bills  thsm  on  the  |dain8. 

In  Scotland  the  fallowing  ma j  be  taken  as  the  arersge  soooesaMti  </ 
glacial  phemnnena  in  descending  order : 

Last  tneei  of  gjackrs,  smaU  mofminei  at  ihe  fuot  of  eonies  among  the  lughcr 
muuiilaiii  gToupe. 

Marine  terraces  (50  feet  and  higber).  Clar4)6ds  of  the  Airtic  8ca-l)ott4>iu 
(Clyde  bedfl'^  containing  northern  moUnacsT 

Large  monunes  coming  down  even  to  the  SO-ficet  laiaed  beadh,  ahoviBg  IhaA 
the  ^aden  o^  the  second  period  descended  to  the  sea^crel  in  aoae  jjsrci 

Enatic  blocks.  These  were  partly  transported  by  the  first  ice-eheet«  partly 
by  the  later  gflacien,  and  partly  by  floating  ice  daring  the  period  of  smh- 
mergence. 

8ands  and  grayels — ^Kame  or  Eaker  series^  sometimes  containing  temstrul 
organions,  sometimeB  marine  shells. 

Upper  bonlder-days — mdely  stratified  days  with  sands  and  grarels. 

Till  or  lower  boaiier>clay  (bottom  moraine  of  the  ice-sheet)— «  stiff  sloiij 
nnstntified  clay,  Tsrying  op  to  100  feet  or  more  in  thickneas.  It  r^^^t^w^ 
Intercalated  bands  of  fine  sand,  finely  laminated  days,  layers  of  peat  and 
terrestrial  Tegetation,  and  bones  of  nuunmoth  and  reindeer  (inter-glactal 
beds%  also  in  some  i^aoes  fragments  of  Arctic  and  boreal  marine  shells,  a 
other  places  leas  fragmentary  assemblages  of  similar  sbeQs,  which  ptore  « 
snbmergence  of  at  least  524  feet  below  the  nresent  lerel  o^  the  sea.  T^e 
bonlder-day  spreads  oTcr  the  lower  groonos,  often  taking  tho  forai  of 
paralld  ridges  or  drums. 

Ice-worn  rock  sorfaces. 

Over  a  great  part  of  England  and  Ireland  the  drift  deposits  arp 
capable  of  snbdiyision,  as  follows : 

4.  Moraines  and  raised  beaches. 

3.  Upper  boulder-clay — a  stiff  stony  clay  with  ice-wom  stones  and  interealft- 
tions  of  sand,  grarel,  or  silt.  It  has  a  more  sandy  and  leas  unstimtified 
aspect  than  the  lower  bouldcr-clay,  and  occasicoally  contains  niariiM» 
shells. 

2.  Middle  sands  and  grovels,  containing  marine  sLcUs.  At  Macclesfield  (1200 
feet  above  the  sea)  the  species  indude  Cytherea  ckhne^  Cardimm  nm- 
tieum.  Area  ladea,  TeUina  balthieoj  Cyprina  ulandiea,  AtiarU  arctiea^ 
and  other  shells  now  living  in  the  seas  around  Britain,  but  indicating 

Sirhaps  by  their  grouping  a  rather  colder  climate  than  the  preaenl  At 
oel  Try&en  near  Caermarthen  a  similar  assemblage  of  shells  has  bec« 
met  wi^  at  1350  feet  above  the  sea.  Near  Yarmouth  the  middle  glacial 
beds  have  yielded  shells  of  a  more  southern  aspect.  In  Ireland  ano  the* 
middle  sands  and  gravels  have  furnished  marine  shells  of  living  Britijh 
species  at  heights  of  1300  feet  above  the  sea. 
1.  Lower  boulder-clay — a  stiff  clayey  deposit  stuck  full  of  ice-worn  blocks, 
and  equivalent  to  the  till  of  Dootlond.  On  the  east  coast  of  Engfead 
it  contains  fragments  of  Scandinavian  rocks.  Along  the  Norfolk  cliffs 
it  presents  stratified  intercalations  with  bands  of  gravel  and  sand,  which 
have  been  extraordinarily  contorted.  As  in  Scotland  the  true  lower 
boulder-clay  in  the  north  of  England  and  Ireland  is  often  arranged  in 
panUlel  ridges  or  drums  in  the  prevalent  line  of  ice-movei»eot»  Aa 
above  mentioned  the  so-called  '^crag"  of  Bridlin^:ton,  Torkshiic;,  is 
probably  a  fragment  of  an  old  marine  glacial  shell-Dearing  day,  nhirli 
nas  been  torn  up  and  imbedded  in  the  bouldcr-clay  of  the  firnt  ioe-dirH. 

Boandinavia. — ^Tbe  order  of  PleiBtooene  pbenomena  ia  generaUj  ihm 
same  here  as  in  Britain.  The  snrfaoe  of  the  coantiy  baa  been  erery^ 
where  intensely  glaciated,  and  the  ice-etrisB  show  that  the  great  ic 
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moved  outwards  from  the  axis  of  the  peninsala  down  the  western  fjords 
into  the  Atlantic,  and  southwards  and  south-eastwards  into  the  Baltic. 
The  march  of  the  ice  is  likewise  well  marked  by  the  dispersion  of  tiie 
erratic  blocks.  The  subseqaent  partial  submergence  of  tne  country  is 
proved  bv  numerous  shell-bearing  clays.  The  fossils  in  the  higher 
littoral  shell-beds  indicate  a  more  Arctic  climate ;  they  include,  as  in 
the  Scottish  glacial  clays,  great  numbers  of  thick-shelled  varieties  of  Mya 
truneata  and  Saxicava  rugosa  ;  also  BaJanus  porcatua,  B.  crenatus^  Mytilua 
edultSj  Pecten  islandicuSy  Bucctnum  grcdnUmdicumy  Trophan  acalariforme  (T, 
clathratum),  Natica  clauses  The  clays  of  deeper  water  contain  Leda 
laneeolata  {Ycldia  areiica)^  Toldia  intermedia,  Y,  pygmsea,  Dentalium  abys- 
sarum,  &/0,  The  fossiliferous  deposits  of  lower  levels  point  to  a  climate 
more  nearly  approaching  the  present,  for  the  more  thoroughly  Arctic 
species  disappear,  and  the  thick-shelled  varieties  of  Mya  and  Saxicava 
pass  into  the  usual  thin-shelled  kinds,  llie  remarkable  terraces  that 
fringe  the  coast  of  Norway  from  the  southern  or  Christiania  region  to 
the  North  Cape  mark  pauses  in  the  re-elevation  of  the  land.  The  eastern 
plains  of  Sweden  and  the  lower  grounds  of  southern  Norway  are  marked 
by  great  accumulations  of  sand  and  gravel  (osar)  like  the  kames  of 
Scotland  and  the  eskers  of  Ireland. 

Oermany. — Since  the  year  1878  an  active  exploration  of  the  earlier 
memorials  of  the  glacial  jperiod  has  been  carried  on  in  northern  Germany, 
with  the  result  of  bringing  out  more  clearly  the  evidence  for  the  pro- 
longation of  the  Scandinavian  and  Finland  ice  across  the  Baltic  and  the 
plains  of  Germany  even  into  Saxony.  The  limits  reached  by  the  ice  are 
approximately  fixed  by  the  line  to  which  northern  erratics  can  be  traced. 
Above  the  glaciated  rocks  comes  a  stiff,  unstratified  day,  with  ice-striated 
blocks  of  northern  origin — ^the  till  or  boulder-di^.  Traces  of  submer- 
gence are  indicated  by  overlying  beds  containing  TeUina  solidula,  Cyprina 
tslandiea,  Cardium  edule,  &c.,  while  some  of  the  lakes  which  occupied 
hollows  in  the  drift  when  the  ice  retired  are  indicated  by  stratified 
deposits  with  Paludina  diluviana,  &o. 

In  southern  Germany  representatives  of  the  boulder-clay  occur  in 
those  regions  which  lay  within  the  area  overspread  by  the  glaciers  of 
the  Alps  and  other  high  grounds.  Elsewhere  Pleistocene  deposits 
consist  of  river-terraces,,  loess,  cave-earth,  cave-breccia,  and  peat.  A 
wide  area  of  the  lower  plains  of  the  Danube,  extending  into  the  Carpa- 
thians and  Transylvania,  is  covered  with  loess.  The  fine  calcareous 
loam  known  by  this  name  attains  also  a  mat  development  in  the  valley 
of  the  Bhine,  where  it  has  been  long  known  and  studied,  especially 
between  Basel  and  Mayence,  rising  in  some  places  to  800  feet  above 
the  level  of  the  river,  occupying  tributary  valleys  and  even  spread- 
ing over  the  adjoining  table-land.  The  same  deposit  is  traceable  below 
the  gorge  of  the  Bhine,  spreading  out  over  the  low  grounds  and 
merging  into  the  Hesbayan  mud  of  Belgium  (p.  887),  which  extends 
to  near  Dunkirk  on  the  French  coast.  This  great  accumulation  of  fine 
detritus  is  not  well  stratified,  and  has  sufficient  coherence  to  form  per- 
pendicular blufii9.  It  has  been  regarded  as  due  to  the  deposit  of  glacial 
mud  during  the  more  rapid  melting  of  the  great  Alpine  glaciers  towards 
the  close  of  the  Ice  Age,  bat  it  bears  some  traces  of  a  subaerial  origin 
(pp.  322, 384).  Though  on  the  whole  unfossiliferous,  it  contains  sometimes 
numerous  land-shells  of  the  same  species  as  still  inhabit  the  Rhine  vaUey 
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(Succinea  oblongOy  Pupa  muicorum^  Helix  hispida\  together  with  bonee  of 
leoent  and  extinct  mammals.  A  similar  deposit  ooonpies  a  wide  area  in 
the  valley  of  the  Danal)e,  and  occnrB  also  in  that  of  the  Mense.  The 
oocurrence  of  traces  of  man  in  association  with  remains  of  extixkct 
mammals  in  the  loess  was  daimed  by  Ami  Boa6  many  years  ago.  Other 
confirmatory  observations  of  later  years  seem  to  have  established  the 

&Gt. 

France. — In  France  the  tme  till  or  boulder-cky  appears  to  be 
absent,  as  it  is  also  from  the  south  of  England.  The  older  Fleistocene 
deposits  (perhaps  interglaoial)  consist  of  fluviatile  gravels  and  <dajB 
which,  in  their  composition,  belong  to  the  drainage  systems  in  which 
they  occnr.  There  is  no  evidence  of  transport  from  a  distance.  The 
rivers,  however,  were  probably  much  larger  than  they  now  are  during 
some  part  of  the  Pleistocene  period.  They  have  left  their  ancient  plat- 
forms of  allavinm  high  above  the  present  watercourses.  In  the  Paris 
basin  the  Pleistocene  beds  are  grouped  in  descending  order  as  followa : 

Bed  DilaTium — red  or  grey  clays  with  flints  and  angular  pebbles,  sometimes 
exhibiting  contorted  stratification.  These  clays,  probably  of  dttferont  ages, 
are  fonnd  on  the  higher  river  terraces  as  wdl  as  on  the  slopes  and  knrcr 
leyels.    They  possibly  belong  to  the  period  of  the  second  glaciation. 

Grey  Dilnrinm,  graTelly  diluTium — grey  or  red  coarse  riTer-graTeb|  pethapa 
inter-g^acial,  with  numeroos  oiganic  remams,  indnding  many  terrestrial  and 
fireeh-water  shells,  most  of  which  are  of  still  living  epecies,  and  nametaoa 
mammalian  bones,  among  which  are  Rhinocerm  tidtorhintu,  R,  eirtuevmj  R. 
leptorhinns.  Hippopotamus  majors  EUpha$  antiquut^  E.  priwugenimt^  wiM 
boar,  stag,  roe,  ibex,  Canadian  elk,  musk-sheep,  unis,  beaver,  cave^war,  wolC, 
fox,  oave-hyffina,  and  cave-lion.  Palttolitliic  miplemeiits  show  that  man  wm* 
a  contemporary  of  these  animals. 

Belgium. — The  Quaternary  deposits  of  this  country,  like  thooe  of 
France,  belong  to  a  former  condition  of  the  present  river  basins.  In  ih» 
higher  tracts  they  are  confined  to  the  valleys,  but  over  the  plains  thej 
spread  as  more  or  less  continuous  sheets.  Thus,  in  the  valley  of  the 
Mouse,  the  gravel  terraces  of  older  diluvium  on  either  side  bear  witnew 
only  to  transport  within  the  drainage  basin  of  the  river,  though  frag- 
ments of  the  rocks  of  the  far  Yosges  may  be  detected  in  them.  The 
gravels  are  stratified,  and  are  generally  accompanied  by  an  upper  sandy 
clay.  In  middle  Belgium  the  lower  diluvial  gravels  are  covered  by 
a  yellow  clay  or  mud  (Hesbayan),  probably  a  continuation  of  the  Gennan 
loess,  with  numerous  terrestrial  shells  {Succinea  oblonga^  Pupa  wnucormm^ 
Helix  hispidaX  In  lower  Belgium  this  clay  is  replaced  by  the  Campiniaa 
sands.  The  Belgian  caverns  and  some  parts  of  the  diluvium  have  yielded 
a  large  number  of  mammalian  remains,  among  which  there  is  the  Bune 
commingling  of  types  from  cold  and  fix)m  warm  latitudes  so  obserrmbltf 
in  the  Pleistocene  beds  of  England  and  France.  Thus  the  Arctic  rein- 
deer and  glutton  are  found  with  the  Alpine  chamois  and  marmot,  and 
with  the  lion  and  grizzly  bear. 

Switzerland. — The  successive  stages  of  the  glacial  period  harx* 
l>een  arranged  as  under : 

Post-glacial.  Ancient  laenstrine  terraces  (150  fcKt  aliove  prevent  level  of  I.jik«- 
of  GenevaX  deltas,  and  river  gravels  wiUi  Limu/fa  $iagnaiu  aod  other  frvufti- 
water  shells,  bones  of  mammoth  (?). 

Second  extension  of  the  glaciers.  Erratic  Mocks  and  terminal  morafnea  of 
Zurich,  Baldegg,  Sempach,  Bern,  with  an  Arctic  flora  and  tkxmm. 
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Inter>glacial  beds.  Gravels,  lignites,  and  clays  of  Utznach,  Dilmten,  &c., 
covered  bjr  the  moraine  stun  of  the  second  gladation  and  overlying  the 
oldest  glacial  deposits — Elepha$  afdigufu,  Bhinoeeros  lentorhinw. 

First  gladation.    Striated  blocks  fonna  under  the  inter-glacial  beds. 

North  America. — The  general  snooefision  of  events  in  post-Tertiary 
times  appears  to  have  been  nearly  the  same  over  the  northern  hemi- 
sphere both  in  the  New  and  the  Old  World.  In  North  America  we  have 
the  same  sharply-defined  line  between  the  older  post-Tertiary  deposits 
and  previous  formations,  dne  to  the  glacial  conditions  which,  overspread- 
ing uiese  regions,  in  great  measure  destroyed  the  superficial  accumula- 
tions of  the  immediately  preceding  eras.  The  Quaternary  or  post- 
Tertiary  formations  are  grouped  by  American  geologists  in  the  following 
subdivisions : 

8.  Becent  andfPeat,  alluviam, blown  sand,  ** alkali"  deposits,  geyser  deposits, 

Prehistoric\    cave  deposits,  artificial  mounds. 
2*  ChAmnlain  /^i^®'">  !»*©•»  ^^^  sea-terraces,  loess. 

v/nampiai    ^g;^^;^,^  sand,  Ohamplain  clays,  Leda  clay. 
1.  Gladal. ....  Boulder-clays,  nnstratified  clays,  sands,  and  gravels. 

1.  OlaciaL — As  in  northern  Europe,  the  rocks  underneath  the  glacial 
deposits  of  North  America  are  well  ice-worn.  The  direction  of  the  strice 
is  generally  southward,  varying  to  south-east  and  south-west  according 
to  the  form  of  the  ground.  The  great  thickness  of  the  ice-sheet  is 
strikingly  shown  by  the  height  to  which  some  of  the  higher  elevations 
are  polished  and  striated.  Thus  the  Catskill  Mountains  rising  from  the 
broad  plain  of  the  Hudson  have  been  ground  smooth  and  striated  up  to 
near  their  summits,  or  about  3000  feet,  so  that  the  ice  must  have  been  of 
even  greater  thickness  than  that.  The  White  Mountains  are  ice-worn 
even  at  a  height  of  5500  feet.  As  in  Europe,  the  glacial  deposits  increase 
in  thickness  and  variety  from  south  to  north.  The  southern  limit  of  the 
nnstratified  drift  lies  somewhere  in  the  neighbourhood  of  the  39th 
parallel  of  north  latitude,  and  the  deposit  ranges  from  the  Atlantic 
westward  to  the  meridian  of  98°.  It  spreads,  therefore,  across  Canada, 
and  is  found  over  a  considerable  area  of  the  north-eastern  States.  It 
rises  to  a  height  of  5800  feet  among  the  White  Mountains.  The  absence 
of  any  true  boulder-drift  on  the  Kocky  Mountain  slopes,  where  it  might 
have  been  looked  for,  is  remarkable,  for  these  mountains  once  nourished 
large  glaciers,  which  have  left  enormous  piles  of  moraine  stuff,  and  have 
strewn  many  hills  with  trann>orted  erratic  blocks.  There  is  likewise 
a  tract  south-west  from  Lake  Michigan  which  has  escaped  the  ice-sheets 
that  elsewhere  have  covered  the  eastern  parts  of  the  States  with  detritus. 
The  coarse  nnstratified  drift  or  boulder-clay  bears  witness  to  a  general 
southerly  transport  of  material,  and,  in  conjunction  with  the  striated 
rocks,  shows  that  the  great  ice-sheet  moved  from  north  to  south  at  least 
as  far  as  about  the  latitude  of  Washington.  Logan  mentions  that  in  some 
parts  of  Canada  the  glacial  drift  and  boulders  run  in  ridges  noith  and 
south,  thus  coi-responding  with  the  general  direction  of  transport,  like 
the  *'  drums  "  in  Britain.  As  in  Europe,  the  coarse  boulder-day  at  the 
base  is  essentially  unfossiliferous. 

2.  Champlain. — Under  this  name  have  been  classed  the  loose  deposits 
or  drifts  overlying  the  lower  nnstratified  boulder-clay,  and  belonging  to 
the  period  of  the  melting  of  the  great  ice-sheets,  when  large  bodies  of 
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water,  discharged  across  the  land,  levelled  down  the  heaps  of  detritus 
that  had  formed  below  or  in  the  under  part  of  the  ice.  The  lower  por- 
tions of  the  Champlain  series  are,  therefore,  sometimes  nnstratified  or 
very  rudelj  stratified,  while  the  upper  parts  are  more  or  less  perfectly 
stratified.  Towards  the  eastern  coasts,  and  along  the  yalleys  penetrating 
from  the  sea  into  the  land,  these  stratified  beds  are  of  marine  origin,  and 
prove  that  during  the  Champlain  period  there  was  a  depression  of  the 
eastern  part  of  Canada  and  the  United  States  beneath  the  sea,  increasing 
in  amount  northwards  from  a  few  feet  in  the  south  of  New  England  (to 
more  than  500  feet  in  Labrador.  The  marine  accumulations  are  weU 
developed  in  eastern  Canada,  where  they  show  the  following  sub- 
divisions: 

TTnner  /^  Maurice  and  Sord  sands;  Saxieava  sand  of  Montreal ;  upper  Mnd 
upper.  <  ^^^  gravel  of  Beaimort ;  upper  Ghamplain  day  and  sand  of  YenDo&t. 
T^wor  }^^^  <^y  ^'f  the  St  Lawrence  and  Ottawa ;  lower  sheU-sand  of  Bean- 
^^^^-  \    port ;  lower  Ghamplain  clay  of  Vermont 

The  lower  stase,  chiefly  clays,  which  rise  to  a  height  of  600  leet 
above  the  sea,  indudes  some  interstratified  beds  of  silioeous  sand,  but 
few  boulders.  It  contains  marine  organisms,  such  as  Leda  tnmeaia, 
Saxicava  ntgosa,  TeUina  grcenkmdiea^  bones  of  seals,  whales,  ifra  On  the 
banks  of  the  Ottawa,  in  Gloucester,  the  days  contain  numerous  nodules 
which  have  been  formed  round  organic  bodies,  particularly  the  fi^ 
MaUoius  r%Uo$u$  or  capeling  of  the  lower  St.  Lawrence.  Bawson  abo 
obtained  numerous  remains  of  terrestrial  marsh  plants,  grasses,  carioes, 
mosses,  and  algn.  This  writer  states  that  about  100  spedes  of  marine 
invertebrates  have  been  obtained  from  the  days  of  tiie  St.  Lawienoe 
valley.  All  except  four  or  five  spedes  in  the  older  part  of  the  depomts 
are  shells  of  the  boreal  or  Arctic  r^ons  of  the  Atlantic ;  and  about  half 
are  found  also  in  the  glacial  days  of  Britain.  The  great  majority  are 
now  living  in  the  Gulf  of  St.  Lawrence  and  on  neighbouring  coasts,  espe- 
cially off  Labrador.^ 

Terraces  of  marine  origin  occur  both  on  the  coast  and  far  inland. 
On  the  coast  of  Maine  they  appear  at  heights  of  150  to  200  feet,  round 
Lake  Champlain  at  least  as  high  as  300  feet,  and  at  Montreal  neariy 
500  feet  above  the  preeent  levd  of  the  sea.  In  the  absence  of  organic 
remains,  however,  it  is  not  always  possible  to  distinguish  between 
terraces  of  marine  origin  marking  former  sea-margins,  ana  those  left  by 
the  retirement  of  rivers  and  lakes.  In  the  Bay  of  Fundy  evidence  has 
been  cited  by  Dawson  to  prove  subsidence,  for  he  has  observed  there  a 
submerged  forest  of  pine  and  beech  Ij^ing  25  feet  below  high-water 
mark.* 

Inland  the  stratified  parts  of  the  Cham[)lain  series  have  been 
accumulated  on  the  sides  of  rivers,  and  present  in  great  perfection  the 
terrace  character  already  (p.  382)  described.  l%e  successive  j^t- 
forms  or  terraces  mark  the  diminution  of  the  streams.  They  may  be 
connected  also  with  an  intermittent  uprise  of  the  land,  and  are  thus 
analogous  to  sea-terraces  or  raised  beaches.  Each  uplift  that  increased 
the  dedivity  of  the  rivers  would  augment  their  rate  of  flow,  and  ocm- 
sequently  their  scour,  so  that  they  would  be  unable  to  readi  their  <^ 
flood-plains.    Such  evidences  of  diminution  are  almost  universal  among 

*  Dawson,  Aixulian  CMogff  p.  76. 
«  Op.  cif.  p.  28. 
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the  valleys  in  the'drift-covered  parts  of  North  America,  as  in  the  similar 
regions  of  Europe.  Sometimes  four  or  five  platforms,  the  highest  heing 
a  hundred  feet  or  more  above  the  present  level  of  the  sea,  may  be  seen 
rising  above  each  other,  as  in  the  well-known  example  of  the  Connecticut 
Valley. 

The  terraces  are  not,  however,  confined  to  river-valleys,  but  may  be 
traced  round  many  lakes.  Thus  in  the  basin  of  Lake  Huron  deposits  of 
fine  sand  and  clay  containing  fresh-water  shells  rise  to  a  height  of 
40  feet  or  more  above  the  present  level  of  the  water,  and  run  kick  from 
the  shore  sometimes  for  20  miles.  Regular  terraces,  corresponding  to 
former  water-levels  of  the  lake,  run  for  miles  along  the  shores  at  heights 
of  120, 150,  and  200  feet.  Shingle  beaches  and  mounds  or  ridges,  exactly 
like  those  now  in  course  of  formation  along  the  exposed  shores  of  Lake 
Huron,  can  be  recognized  at  heights  of  60,  70,  and  100  feet.  Unfossili- 
ferous  terraces  occur  abundantly  on  the  margin  of  Lake  Superior.  At 
one  point  mentioned  by  Logan,  no  fewer  than  seven  of  these  ancient 
beaches  occur  at  intervals  up  to  a  height  of  331  feet  above  the  present 
level  of  the  lake.^  The  great  abundance  of  terraces  of  fluviatile,  lacus- 
trine, and  marine  origin  led,  as  already  stated,  to  the  use  of  the  term 
'*  Terrace  Epoch  "  as  the  designation  of  the  time  when  these  remarkable 
topographical  features  were  produced. 

India. — ^There  is  abundant  evidence  that  at  a  late  geological  period 
glaciers  descended  from  the  southern  slopes  of  the  Himalaya  Mountains 
to  a  height  of  less  than  3000  feet  above  the  present  sea-level.  Large 
moraines  are  found  in  many  valleys  of  Sikkim  and  Eastern  Nepal  l^- 
tween  7000  and  8000  feet,  and  even  down  to  5000  feet,  above  sea-level. 
Li  the  Western  Himalayas  perched  blocks  are  found  at  3000  feet,  and  in 
the  TJ|>per  Punjaub  very  large  erratics  have  been  observed  at  still  lower 
elevations.  No  traces  of  glaciation  have  been  detected  in  Southern  India. 
Besides  the  physical  evidence  of  refrigeration,  the  present  facies  and  dis- 
tribution of  the  flora  and  fauna  on  the  south  side  of  the  Himalaya  chain 
suggest  the  influence  of  a  former  cold  period.' 

New  Zealand. — The  present  glaciers  of  the  New  Zealand  Alps  had 
a  much  greater  extension  at  a  recent  geological  period.  According  to 
Dr.  Haast  they  descended  into  the  plains,  and,  on  the  west  side  of  tho 
island,  probably  advanced  into  the  sea,  for  along  that  coast-line  their 
moraines  now  reach  the  sea-margin ;  huge  erratics  stand  up  among  tho 
waves,  and  the  surf  breaks  fieir  outside  the  shore-line,  probably  upon  a 
seaward  extension  of  the  moraines.'  Captain  Hutton,  however,  points 
out  that  there  is  no  evidence  from  the  fauna  of  any  general  and  serious 
refrigeration  of  the  climate  during  this  glacier  period.^ 

Section  II. — Recent  or  Human  Period. 

§  L  General  Characters. 

The  long  succession  of  Pleistocene  ages  shaded  without  abrupt 
change  of  any  kind  into  what  is  termed  the  Human  or  Becont 

»  Gfohfy  of  Canada,  p.  910. 

^  Medhcoti  and  Blanford,  Geology  of  Jndta,  p.  586. 

*  Otology  of  CaateHmry  and  WesUand^  p.  871. 

*  Geology  of  Otago,  p.  83. 
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Period.*  The  Ice  Age,  or  Glacial  Period  may  indeed  be  fudd  still  to 
exist  in  Europe.  Ihe  snow-fields  and  glaciers  haye  disappeared 
from  Britain,  France,  the  Vosges,  and  the  Harz,  but  they  stOI 
linger  among  the  Pyrenees,  remain  in  larger  mass  among  the  Alpts, 
and  spread  over  wide  areas  in  northern  Scandinayia.  This  doTe- 
tailing  or  overlapping  of  geological  periods  has  been  the  rule  from 
the  l^ginning  of  time,  the  apparently  abrupt  transitions  in  the 
geological  record  being  due  to  imperfections  in  the  chronicle. 

The  last  of  the  long  series  of  geological  periods  may  be  sab- 
divided  into  subordinate  sections  as  follows  : 

Historic,  up  to  the  present  time. 

(Iron,  Bronze,  and  later  Stone. 
Neolithic. 
PaUsolithic. 

The  Human  Period  is  above  all  distinguished  by  the  presence 
and  influence  of  man.  It  is  difficult  to  determine  how  fiir  back  the 
limit  of  the  period  should  be  placed.  The  question  has  often  been 
asked  whether  man  was  coeval  with  the  Ice  Age.  To  give  an 
answer,  we  must  know  within  what  limits  the  term  Ice  Age  is  used, 
and  to  what  particular  country  or  district  the  question  refers.  For 
it  is  evident  that  even  to-day  man  is  contemporary  with  the  Joe 
Age  in  the  Alpine  valleys  and  in  Finmark.  There  can  be  no  doobt 
that  he  inhabited  Europe  after  the  greatest  extension  of  the  ioe. 
He  not  improbably  migrated  with  the  animals  that  came  from 
warmer  climates  into  this  continent  during  the  interglacial  intervalit. 
But  that  he  remained  when  the  climate  again  became  cold  enough 
to  freeze  the  rivers  and  permit  an  Arctic  fauna  to  roam  far  south 
into  Europe  is  proved  by  the  abundance  of  his  flint  implements  in 
the  thick  river-gravels,  into  which  they  no  doubt  often  fell  through 
holes  in  the  ice  as  he  was  fishing. 

The  proofs  of  the  existence  of  man  in  former  geological  periodic 
are  not  to  be  sought  for  in  the  occurrence  of  his  own  bodily  remain«» 
as  in  the  case  of  other  animals.  His  bones  are  indeed  now  and  then 
to  be  found,  but  in  the  vast  majority  of  cases  his  former  presence  is 
revealed  by  the  implements  he  has  left  behind  him,  formea  of  stone, 
metal,  or  bone.  Many  years  ago  the  arcbaaologists  of  Denmark, 
adopting  the  subdivisions  of  the  Latin  poets,  classified  the  early 
traces  of  man  in  three  great  divisions— the  Stone  Age,  Bronse  Age, 
and  Iron  Age.  There  can  be  no  doubt  that,  on  the  whole,  this  has 
been  the  general  order  of  succession  in  Europe,  where  men  used 
stone  and  bone  before  they  had  discovered  the  use  of  metal,  and 
learnt  how  to  obtain  bronze  before  they  knew  anything  of  the  metal- 
lurgy of  iron.  Nevertheless,  the  use  of  stone  long  survived  the 
introduction  of  bronze  and  iron.  In  fact,  in  many  European  covuh 
tries  whoro  metal  has  been  known  for  many  I'enturiea,  thero  an» 
districts  where  stone  implements  are  still  employed,  or  where  they 

'  See  for  fi^cnoral  iDformation  JjyeWBAtUiquUy  o/ Jfon,  Lubbook^i  Prrkittorie 
EyaDB'  Ancient  Stone  ImplementttJioyd  Dawkinj'  Cave  Hunting  and  Bnrijf  J 
Britainy  J.  Geikiu'ti  Prefttstoric  Europe. 
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were  in  use  until  quite  recently.  It  is  obvious  also  that,  as  there 
are  still  barbarous  tribes  unacquainted  with  the  fabrication  of  metal, 
the  Stone  Age  is  not  yet  extinct  in  some  parts  of  the  world.  In 
this  instance  we  again  see  how  geological  periods  run  into  each 
other.  The  nature  or  shape  of  the  implement  cannot  therefore  be 
always  a  very  satisfactory  proof  of  antiquity.  We  must  judge  of  it 
by  the  circumstances  under  which  it  was  found.  From  the  fact  that 
in  north-western  Europe  the  ruder  kind  of  stone  weapons  occurs  in 
what  are  certainly  the  older  deposits,  while  others  oi  more  highly 
finished  workmanship  are  found  in  later  accumulations,  the  Stone 
Age  has  been  subdivided  into  an  early  or  Palaeolithic  and  a  later  or 
Neolithic  epoch.    There  can  be  no  doubt,  however,  that  the  latter  was 


Fig.  427. — Palj£olithic  Flint  InpiiEMENT. 

in  great  measure  coeval  with  the  age  of  bronze,  and  even  to  some 
extent  of  iron.^ 

The  deposits  which  contain  the  history  of  the  Human  Period  are 
cavern-loam,  brick-earth,  river-alluvia,  lake-bottoms,  peat-mosses, 
sand-dunes,  loess,  and  other  superficial  accumulations. 

Paljeolithic. — Under  this  t«rm  are  included  those  deposits  which 
have  yielded  rudely-worked  flints  of  human  workmanship  associated 
with  the  remains  of  mammalia,  some  of  which  are  extinct,  while 
others  no  longer  live  where  their  remains  have  been  obtained.  An 
association  of  the  same  mammalian  remains  under  similar  conditions, 
but  without  traces  of  man,  may  be  assigned  to  the  same  geological 

*  The  student  may  profitably  consult  Dr.  Arthur  MitchelFs  Past  in  the  Present, 
1880,  for  the  warnings  it  contains  as  to  the  danger  of  deciding  upon  the  antiquity  of  au 
implement  merely  from  its  rudeuesB. 
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period,  and  be  isclnded  in  the  Palaeolithic  series.  A  satisfiicCoty 
chronological  classification  of  the  deposits  containing  the  first  relics 
of  man  is  perhaps  unattainable,  for  these  deposits  occur  in  detailed 
areas  with  no  means  of  determining  their  physical  sequence.  To 
assert  that  a  brick-earth  is  older  than  a  cavern-breccia,  becaoBe  it 
contains  some  bones  which  the  latter  does  not,  or  fails  to  show  i 
which  the  latter  does  yield,  is  too  often  a  conclusion  drawn  I 
it  a^ees  with  preconceptions. 

Kiver-Altuvia, — ^Above  the  present  levels  of  the  hvots  there 
lie  platforms  or  terraces  of  alluvium,  sometimes  to  a  height  of  80  or 
100  feet.  These  deposits  are  fragments  of  the  river-gravels  and 
loams. laid  down  when  the  streams  flowed  at  that  elevaticui,  and 
therefore  before  the  valleys  were  widened  and  deepened  to  their 
present  form.  Eiver-action  is  at  the  best  but  slow.  To  erode  the 
valleys  to  so  great  a  depth  beneath  the  level  of  the  upper  aUoria, 
must  have  demanded  a  period  of  many  centuries.  There  can  there* 
fore  be  no  doubt  of  the  high  antiquity  of  these  de|x>sits.  They 
have  yielded  the  remains  of  manv  mammals,  some  of  them  extinct, 
together  with  the  flint  flakes  made  by  man.  From  the  nature  and 
structure  of  some  of  the  high-lying  gravels  there  can  be  little  doabc 
that  they  were  formed  at  a  time  when  the  rivers,  then  larger  than 
now,  were  liable  to  be  frozen  and  to  be  obstructed  by  large  accu- 
mulations of  ice.  We  are  thus  able  to  connect  the  deponts  of  the 
Human  Period  with  some  of  the  later  phases  of  the  Ice  Age  in  the 
west  of  Europe. 

Brick  !Earths. — In  some  regions  that  have  not  been  below  the 
sea  for  a  long  period  a  variable  accumulation  of  loam  has  formed  cm 
the  surface  from  the  decomposition  of  the  rocks  in  tUu  aided  by 
'the  drifting  of  fine  particles  by  wind  and  the  gentle  washing  aotioa 
of  rain  and  occasionally  of  streams.  Some  of  these  brick-earths  or 
loams  are  of  high  antiquity,  for  they  have  been  buried  under  flavi- 
atile  deposits,  which  must  have  been  laid  down  when  the  riven 
flowed  far  above  their  present  levels.  They  have  yielded  traces  of 
man  associated  with  bones  of  extinct  mammals. 

Cavern  Deposits. — Most  calcareous  districts  abound  in 
underground  tunnels  and  caverns  which  have  been  dissolved  bj  the 
passage  of  water  from  the  surface  (p.  355).  Where  these  cavities 
have  communicated  with  the  outer  surface,  terrestrial  animals,  in* 
eluding  man  himself,  have  made  use  of  them  as  places  of  retreat,  or 
have  fallen  or  been  washed  into  them.  The  floors  of  some  of  them 
are  covered  with  a  reddish  or  brownish  loam  or  cave-^arth,  resulting 
either  from  the  insoluble  residue  of  the  rock  left  behind  by  the 
water  that  dissolved  out  the  caverns,  or  from  the  deposit  of  the  dh 
carried  in  the  water  which  in  some  cases  has  certainly  flowed  thronsh 
them.  Very  commonly  a  deposit  of  stalagmite  has  formed  from  the 
drip  of  the  roof  above  the  cave-earth.  Hence  any  organic  remaiss 
which  may  have  found  their  way  to  these  floors  have  Men  sealed  ap 
and  admirably  preserved. 
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The  fauna  found  in  PalsDolithio  deposits  is  remarkable  for  a 
mixture  of  forms  from  warmer  and  colder  latitudes  similar  to  that 
already  noted  among  the  interglacial  beds.    It  has  been  inferred^ 


indeed,  that  the^  Palseolithio  gravels  are  themselves  referable  to 
interglacial  conditions.  On  the  one  hand,  we  meet  with  a  number 
of  living  species  of  warmer  habitat,  as  the  lion,  hyasna,  hippo* 
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potamuB,  lynx,  leopard,  and  caffer  cat ;  but,  on  the  other  band,  the 
great  majority  of  the  forms  are  northern,  such  as  the  gintton, 
Arctic  fox,  reindeer,  Norwegian  lemming,  Arctic  lemming,  jnarmot, 
and  musk-sheep.  With  these  are  associated  a  number  of  extinct 
forms,  including  the  Irish  elk,  Elephas  primigenim  or  mammoth, 
E.  antiquvSy  Rhinoceros  megarhinuSy  B.  tichorhinuSy  B.  Iepiorhinu9, 
and  cave-bear.  That  man  was  the  contemporary  of  these  animals 
is  proved  by  the  frequent  occurrence  of  unaoubtedly  human  imple- 
ments formed  of  roughly  chipped  flints,  &c.,  associated  with  their 
bones.  Much  more  rarely  portions  of  human  skeletons  have  been 
recovered  from  the  same  deposits.  The  men  of  the  time  appear  to 
have  camped  in  rock-shelters  and  caves,  and  to  have  lived  by  fishing 


Fig.  429. — Neolithic  Stone  Implememt. 

and  by  hunting  the  reindeer,  bison,  horse,  mammoth,  rhinoceros, 
cave-bear,  and  other  animals.  That  tliey  were  not  without  some 
kind  of  culture  is  shown  by  the  vigorous  incised  sketches  and 
carvings  which  they  have  left  behind  on  reindeer  antlers,  mammoth 
tusks,  and  other  bones,  depicting  the  animals  with  which  they  were 
daily  familiar.  Some  of  these  drawings  are  especially  valuable  as 
they  represent  forms  of  life  long  ago  extinct,  such  as  the  mammoth 
and  cave-bear.  The  men  who  in  Palaeolithic  time  inhabited  the 
caves  of  Europe  must  have  had  much  similarity  if  not  actual  kinship 
to  the  modem  Eskimos. 

NEOTiiTHic. — The  deposits  whence  the  history  of  Neolithic  man 

is  compiled  must  vary  widely  in  age.     Some  of  them  were  no  donbt 

contemporaneous  with  parts  of  the  Palaeolithic  series,  others  with 

Bronze  and  Iron  series.     They  consist  of  cavern  deposits,  allu- 

accumulations,  peat-mosses,   lake-bottoms,  pile-dwellings,  and 

-mounds. 
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The  list  of  mammals,  Ac,  inhabiting  Europe  during  Neolithic 
is  distinguished  from  that  of  Palaeolithic  time  by  the  absence  of  the 
mammoth,  woolly  rhinoceros,  and  other  extinct  types,  which  appear 
to  have  meanwhile  died  out  in  Europe.  The  only  form  now  extinct 
which  appears  to  have  survived  into  Neolithic  time  was  the  Irish 
elk.  The  general  assemblage  of  animals  was  probably  much  what  it 
has  been  during  the  period  of  history,  but  with  a  few  forms  which  have 
disappeared  from  most  of  Europe  either  within  or  shortly  before  the 
liistoric  period,  such  as  the  reindeer,  elk,  urus,  grizzly  bear,  brown  bear, 
wolf,  wild  boar,  and  beaver.  But  besides  these  wild  animals  there  are 
remains  of  domesticated  forms  introduced  by  the  race  which  sup- 
planted the  PalaBolithic  tribes.  These  are  the  dog,  horse,  sheep,  goat, 
shorthorn,  and  hog.  It  is  noteworthy  that  these  domestic  forms 
were  not  parts  of  tne  indigenous  fauna  of  Europe.  They  appear  at 
once  in  the  Neolithic  deposits,  leading  to  the  inference  that  they  were 
introduced  by  the  human  tribes  which  now  migrated,  probably  from 
Central  Asia,  into  the  European  continent.  These  tnbes  were  like- 
wise acquainted  with  agriculture,  for  several  kinds  of  grain,  as  well 
as  seeds  of  fruits,  have  been  found  in  their  lake-dwellings ;  and  the 
deduction  has  been  drawn  from  these  remains  that  the,  plants  must 
have  been  brought  from  southern  Europe  or  Asia.  The  arts  of  spin- 
ning, weaving,  and  pottery-making  were  also  known  to  these  people. 
Human  skeletons  and  bones  belonging  to  this  a^e  have  been  met 
with  abundantly  in  barrows  and  peat-mosses,  and  indicate  that  Neo- 
lithic man  was  of  small  stature,  with  a  long  or  oval  skull. 

The  history  of  the  Bronze  and  Iron  Ages  in  Europe  is  told  in 
great  fulness,  but  belongs  more  fittingly  to  the  domain  of  the  archae- 
ologist, who  claims  as  his  proper  field  of  research  the  history  of  man 
upon  the  globe.  The  remains  from  which  the  record  of  these  ages 
is  compiled  are  objects  of  human  manufacture,  graves,  cairns,  sculp- 
tured stones,  &c.,  and  their  relative  dates  have  in  most  cases  to  be 
decided,  not  upon  geological,  but  upon  archaeological  grounds. 
When  the  sequence  of  human  relics  can  be  shown  by  the  order  in 
whicli  they  have  been  successively  entombed,  the  inquiry  is  strictly 
geological,  and  the  reasoning  is  as  logical  and  trustworthy  as  in  the 
case  of  any  other  kind  of  fossils.  Where,  on  the  other  hand,  as 
80  often  happens,  the  question  of  antiquity  has  to  be  decided  solely 
by  relative  finish  and  artistic  character  of  workmanship,  it  must  be 
left  to  the  experienced  antiquary. 


§2.  Local    Development. 

A  few  examples  of  the  nature  of  the  deposits  of  the  Paleeolithic  and 
Neolithic  series  will  suffice  to  show  their  general  nature. 

Britain. — ^Palaeolithic  deposits  are  absent  from  the  north  of  England 
and  from  Scotland.  They  occur  in  the  south  of  England,  and  notably 
in  the  valley  of  the  Thames.  In  that  district  a  series  of  brick-earths 
with  intercalated  buids  of  river-gravel,  having  a  united  thickness  of  more 
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than  25  feet,  is  overlaid  by  a  remarkable  bed  of  clay,  loam,  and  grarel 
(^*  loeea"  or  '*  trail  *')•  three  feet  or  more  in  thioknees,  which  in  its  con- 
torted bedding  and  large  angular  blocks  probably  bears  witness  to  its 
having  been  accumulated  during  a  time  of  floating  ice.  The  strata 
below  the  glacial  deposit  have  yielded  a  remarkable  number  of 
^n|^fw  mill  1  ATI  bones,  among  which  lutve  been  found  undoubted  human 
implements  of  diipped  flint.  The  number  of  species  amounts  to  26, 
which  include  Bkmoeero§  leptorkinu$j  JB.  tichorkmus,  B.  wiegarhimmSj  E3epka» 
OM^qmu^  E.  priwugenku^  Megaeer€$  Hibemicua^  Felts  leo^  Hjfmna  croemia^ 
Unmferax^  U.  aretes,  Ovibot  iM$chatu$j  Hippopotamnu  majors  and  present 
another  example  of  the  mingling  of  noithem  with  southern,  and  of 
extinct  with  still  living  forms,  as  well  as  of  species  which  have  long 
disappeared  from  Britain  with  others  still  indigenous.  Other  ancient 
alluvia,  £ur  above  the  present  levels  of  the  rivers,  have  likewise  furnished 
similar  evidence  that  man  continued  to  be  the  contemporary  in  England 
of  the  norUiem  rhinoceros  and  mammoth,  the  reindeer,  grizzly  bear, 
brown  bear,  Irish  elk,  hippopotamus,  lion,  and  hyaena. 

The  caverns  in  the  Devonian,  Carboniferous,  and  Magnesian  limestoues 
of  England  have  yielded  abundant  relics  of  the  same  prehistoric  ik1IIH^ 
with  associated  traces  of  Paleolithic  man.  In  some  of  these  places  the 
lowest  deposit  on  the  floor  contains  rude  flint  implements  of  the  same 
type  as  those  found  in  the  oldest  river-gravels,  while  others  of  a  mose 
finished  kind  occur  in  overlying  deposits,  whence  the  inference  has  been 
drawn  that  the  caverns  were  first  tenanted  by  a  savage  race  of  extreme 
rudeness,  and  afterwards  by  men  who  had  made  some  advance  in  the 
arts  of  Hfe.  The  association  of  bones  shows  that  when  man  had  for 
a  time  retired,  some  of  these  caves  became  hyaena-dens.  Hy«ena  bones 
in  great  numbers  have  been  found  in  them,  with  abundant  gnawed  hemes 
of  other  ft^iimiklR  on  which  the  hyaenas  preyed.  Holes  in  the  limestone 
opening  to  the  surface  (sinks,  swallow-holes)  have  likewise  beoome 
receptacles  for  the  remains  of  many  generations  of  animals  which  fell 
into  them  by  accident,  or  crawled  into  them  to  die.  In  a  fissure  of  the 
limestone  near  Castleton,  Derbyshire,  from  a  space  measuring  only  25  by 
18  feet,  no  fewer  tiian  6800  bones,  teeth,  or  fragments  of  bone  were 
obtained,  chiefly  bison  and  reindeer,  with  bears,  wolves,  foxes,  and  hares.^ 

France. — It  was  in  the  valley  of  the  Somme,  near  Abbeville,  that 
the  first  observations  were  made  which  led  the  way  to  the  recognition  of 
the  high  antiquity  of  man  upon  the  earth.  That  valley  has  been  eroded 
out  of  the  chalk,  whidi  rises  to  a  height  of  from  200  to  300  feet  above 
the  modem  river.  Along  its  sides,  far  above  the  present  alluvial  plain, 
are  ancient  terraces  of  gravel  and  loam,  formed  at  a  time  when  the  river 
flowed  at  higher  levels.  The  lower  terrace  of  gravel,  with  a  covering  of 
flood-loam,  ranges  from  20  to  40  feet  thick,  while  the  higher  bed  is  about 
30  feet.  Since  their  formation  the  Somme  has  eroded  its  chann^  down 
to  its  present  bottom,  and  may  have  also  diminished  in  volume,  while 
the  terraces  have,  during  the  interval,  here  and  there  suffered  from 
denudation.  Flint  implements  have  been  obtained  from  both  terraces, 
and  in  great  numbers,  associated  with  bones  of  mammoth,  rhinoceros, 
and  other  extinct  mammals  (p.  898). 

The  caverns  of  the  Dordogne  and  other  regions  in  the  south  of  France 
have  yielded  abundant  and  varied  evidence  of  the  coexistence  of  man 

'  Boyd  Dawkinfi,  EarUf  Man  in  Britain,  p.  188. 
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with  the  reindeer  and  other  animals  either  wholly  extinct  or  no  longer 
indigenous.  So  numerous  in  particalar  are  the  reindeer  remains,  and 
so  intimate  the  association  of  traces  of  man  with  them,  that  the  term 
"  Beindeer  neriod  "  has  been  proposed  for  the  section  of  prehistoric  time 
to  which  these  interesting  relics  belong.  The  art  displayed  in  the 
implements  found  in  the  caverns  has  been  supposed  to  indicate  a  con- 
siderable advance  on  that  of  the  chipped  flints  of  the  Somme.  Some 
of  the  pictures  of  reindeer  and  mammoths,  incised  on  bones  of  these 
animals,  are  singularly  spirited  (Fig.  428). 

Switzerland. — The  lakes  of  Switzerland,  as  well  as  those  of  most 
other  countries  in  Europe,  have  yielded  in  considerable  numbers  the 
relics  of  Neolithic  man.  Dwellings  constructed  of  piles  were  built  in  the 
water  out  of  arrow-shot  from  the  shore.  Partly  from  destruction  by  fire, 
partly  from  successive  reconstructions,  the  bottom  of  the  water  at  these 
places  is  strewn  with  a  thick  accumulation  of  debris,  from  which  vast  num- 
bers of  relics  of  the  old  population  have  been  recovered,  revealing  much  of 
their  mode  of  life.^  Some  of  these  settlements  probably  date  far  back  be- 
yond the  beginning  of  the  historic  period.  Others  belong  to  the  Bronze, 
and  to  the  Iron  Age.  But  the  same  site  would  no  doubt  be  used  for  many 
generations,  so  that  successive  layers  of  relics  of  progressively  later  age 
would  be  deposited  on  the  lake-bottom.  It  is  believed  that  in  some  cases 
the  lacustrine  dwellings  were  still  used  in  the  first  century  of  our  era. 

Denmark. — ^'llie  shell-mounds  (Kjokken-modding),  from  three  to  ten 
feet  high,  and  sometimes  1000  feet  long,  heaped  up  on  various  parts  of 
the  Danish  coast-line,  mark  settlements  of  the  Neolithic  age.  They  are 
made  up  of  refase,  chiefly  shells  of  mussels,  cockles,  ojsters,  and  peri* 
winkles,  mingled  with  bones  of  the  herring,  cod,  eel,  flounder,  great  auk, 
wild  duck,  goose,  wild  swan,  capercailzie,  stag,  roe,  wild  boar,  uras,  lynx, 
wolf,  wild  cat,  bear,  seal,  porpoise,  dog,  &c.,  with  human  tools  of  stone, 
bone,  loam,  or  wood,  fragments  of  rude  pottery,  charcoal,  and  cinders. 

The  Danish  peat-mosses  have  likewise  furnished  relics  of  the  early 
human  races  in  that  region.  They  are  from  20  to  30  feet  thick,  the 
lower  portion  containing  remains  of  Scotch  fir  (Pinua  syhestris)  and 
Neolithic  implements.  This  tree  has  never  been  indigenous  in  the 
country  within  the  historic  period.  A  higher  layer  of  the  peat  contains 
remains  of  the  common  oak  with  bronze  implements,  while  at  the  top 
come  the  beech  tree  and  weapons  of  iron. 

North  America. — Prehistoric  deposits  are  essentially  the  same  on 
both  sides  of  the  Atlantic.  In  North  America,  as  in  Europe,  no  very 
definite  lines  can  be  drawn  within  wliich  they  should  be  confined. 
They  cannot  be  sharply  separated  from  the  Champlain  series  on  the 
one  hand,  nor  from  modem  accumulations  on  the  other.  Besides  the 
marshes,  peat-bogs,  and  other  organic  deposits  which  belong  to  an  early 
period  in  the  human  occupation  of  America,  some  of  the  younger  alluvia 
of  the  river-valleys  nnd  lakes  can  no  doubt  claim  a  high  antiquity,  though 
they  have  not  supplied  the  same  copious  evidence  of  early  man  which 
gives  so  much  interest  to  the  corresponding  European  formations.  Heaps 
of  shells  of  edible  species,  like  those  of  Denmark,  occur  on  the  coasts  of 
Nova  Scotia,  Maine,  &c.  The  large  mounds  of  artificial  origin  in  the 
Mississippi  valley  have  excited  much  attention.  The  early  archeeology 
of  these  r^ions  has  still  to  be  explored. 

'  Keller's  Lah?  Dtoellings  of  Sitifzerland. 
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Ak  investigation  of  the  geological  history  of  a  country  inTolTes 
two  distinct  lines  of  enauiry.  We  may  first  consider  the  nature  and 
arrangement  of  the  rocKs  that  underlie  the  surface,  with  a  riew  to 
ascertaining  from  them  the  successive  changes  in  physical  geography 
and  in  plant  and  animal  life  which  they  chronicle.  But  b^aes  the 
story  of  the  rocks  we  may  try  to  trace  that  of  the  surface  itself — the 
origin  and  vicissitudes  of  the  mountains  and  plains,  valleys  and  ravinea, 
peaks,  passes,  and  lake-basins  which  have  been  formed  out  of  the 
rocks.  The  two  enquiries  traced  backward  merge  into  each  other ; 
but  they  become  more  and  more  distinct  as  they  are  pursued  towards 
later  times.  It  is  obvious^  for  instance,  that  a  mass  of  marine  lime- 
stone which  rises  into  groups  of  hills,  trenched  by  river-gorgea  and 
traversed  by  valleys,  presents  two  sharply  contrasted  pictures  to 
the  mind.  Looked  at  from  the  side  of  its  origin,  the  rock  bringi 
before  us  a  sea-bottom  over  which  the  relics  of  generations  of  a 
luxuriant  marine  calcareous  fauna  accumulated.  We  may  be  able  to 
trace  every  bed,  to  mark  with  precision  its  organic  contents,  and  to 
establish  the  zoological  succession  of  which  these  superimposed  aea- 
bottoms  are  the  records.  But  we  may  be  quite  unable  to  explain 
how  such  sea-formed  limestone  came  to  stand  as  it  now  doea^  liere 
towering  into  hills  and  there  sinking  into  vallevs.  The  rocks 
and  their  contents  form  one  subject  of  study ;  the  history  of  their 
present  scenery  forms  another. 

The  branch  of  geological  enquiry  which  deals  with  the  evolotioB 
of  the  existing  contours  of  the  dry  land  is  termed  Physiographical 
Geology.*  To  be  able  to  pursue  it  profitably,  some  acquaintance  with 
all  the  other  branches  of  the  science  is  requisite.  Hence  its  con- 
sideration has  been  reserved  for  this  final  division  of  the  present  work ; 
but  only  a  rapid  summary  can  be  attempted  here. 

At  the  outset  one  or  two  fundamental  facts  may  be  stated.  It  is 
evident  that  the  materials  of  the  greater  part  of  the  dry  land  have 
been  laid  down  upon  the  floor  of  the  sea.  That  they  now  not  only 
rise  above  the  sea-level,  but  sweep  upwards  into  the  crests  of  lo^ 
mountains,  can  only  be  explained  by  displacement.  Thos  thi^ 
land  owes  its  existence  mainly  to  upheaval  of  the  terrestrial  cmst. 
The  same  sedimentary  materials  which  demonstrate  the  fact  of  dis- 
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placement,  afford  an  indication  of  its  nature  and  amount.  Having 
been  laid  down  in  wide  sheets  on  the  sea-bottom,  they  must  have 
been  originally,  on  the  whole,  level  or  at  least  only  gently  inclined. 
Any  serious  departure  from  this  original  position  must  therefore  be 
the  effect  of  displacement,  so  that  stratification  forms  a  kind  of  datum- 
line  from  which  such  effects  may  be  measured. 

Further,  it  is  not  less  apparent  that  the  sedimentary  formations, 
besides  having  suffered  from  disturbance  of  the  crust,  have  under- 

fone  extensive  denudation.  Even  in  tracts  where  they  remain 
orizontal,  they  have  been  carved  into  wide  vtdleys.  Their  detached 
outliers  stand  out  upon  the  plains  as  memorials  of  what  has  been 
removed.  Where  on  the  other  hand  they  have  been  thrown  into 
inclined  positions,  the  truncation  of  their  strata  at  the  surface  points 
to  the  same  universal  degradation.  Here  again  the  lines  of  stratifi- 
cation may  be  used  as  datum-lines  to  measure  approximately  the 
amount  of  rock  which  has  been  worn  away. 

While,  therefore,  it  is  true  that,  taken  as  a  whole,  the  dry  land 
of  the  globe  owes  its  existence  to  upheaval,  it  is  not  less  true  that 
its  present  contours  are  due  mainly  to  erosion.  These  two  antago- 
nistic forms  of  geological  energy  have  been  at  work  from  the  earliest 
times,  and  the  existing  land  with  all  its  varied  scenery  is  the  result 
of  their  combined  operation.  Each  has  had  its  own  characteristic 
task  Upheaval  has,  as  it  were,  raised  the  rough  block  of  marble,  but 
erosion  has  carved  that  block  into  the  graceful  statue. 

The  very  rocks  of  which  the  land  is  built  up  bear  witness  to  this 
intimate  co-operation  of  hy pogene  and  epigene  agency.  The  younger 
stratified  formations  have  been  to  a  large  extent  derived  from  the 
waste  of  the  older,  the  same  mineral  ingredients  being  used  over  and 
over  again.  This  could  not  have  happened  but  for  repeated  uplifts 
whereby  the  sedimentary  accumulations  of  the  sea-floor  were  brought 
within  reach  of  the  denuding  agents.  Moreover,  the  intenial 
characters  of  these  formations  point  unmistakably  to  deposition  in 
comparatively  shallow  water.  Their  abundant  intercalations  of  fine 
and  coarse  materials,  their  constant  variety  of  mineral  composition, 
their  sun-cracks,  ripple-marks,  rain-pittings,  and  worm-tracks,  their 
numerous  unconformabilities  and  traces  of  terrestrial  surfaces,  together 
with  the  prevalent  facies  of  their  organic  contents,  combine  to  de- 
monstrate that  the  main  mass  of  the  sedimentary  rocks  of  the  earth's 
crust  was  accumulated  close  to  land,  and  that  no  trace  of  really 
abysmal  deposits  is  to  be  found  among  them.  From  these  considera- 
tions we  are  led  up  to  the  conclusion  that  the  present  continental 
areas  must  have  been  terrestrial  regions  of  the  earth's  surface  from  a 
remote  geological  period.  Subject  to  repeated  oscillations,  eo  that 
one  tract  after  another  has  disappeared  and  reappeared  from  beneath 
the  sea,  the  continents,  though  constantly  varying  in  shape  and  size, 
have  yet  maintained  their  individuality.  We  may  inler  likewise 
that  the  existing  ocean  basins  have  probably  always  been  the  great 
depressions  of  the  earth's  surface. 
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Geologists  are  now  generally  agreed  that  it  is  mainly  to  the 
effects  of  the  secular  contraction  of  our  planet  that  the  defonnatioiM 
and  dislocations  of  the  terrestrial  crust  are  to  be  traced.  The  cool 
outer  shell  has  sunk  down  upon  the  more  rapidly  contracting  hot 
nucleus,  and  the  enormous  lateral  compression  thereby  prodaced  has 
thrown  the  crust  into  undulations,  and  even  into  the  most  complicated 
corrugations.^  Hence  in  the  places  where  the  crust  has  yielded  to 
the  pressure  it  must  have  been  thickened,  being  folded  or  pnidied 
over  itself,  or  being  thrown  into  double  bulges,  one  portion  of  which 
rises  into  the  air,  while  the  corresponding  portion  descends  into  the 
interior.  Mr.  Fisher  contends  that  this  downward  bulging  of  the 
lighter  materials  of  the  crust  into  a  heavier  substratum  underneath 
the  great  mountain-uplifts  of  the  surface  is  indicated  by  the  obserred 
diminution  in  the  normal  rate  of  augmentation  of  earth-temperature 
beneath  mountains,^  and  by  the  lessened  deflection  of  the  plumb-IiDe 
in  the  same  regions. 

The  close  connection  between  upheaval  and  denudation  on  the 
one  hand  and  depression  and  deposition  on  the  other  has  often  heen 
remarked,  and  striking  examples  of  it  have  been  gathered  from  all 

f)art8  of  the  world.  It  is  a  familiar  fact  that  along  the  central  and 
lighest  parts  of  a  mountain  chain,  the  oldest  strata  liave  been  laid 
bare  after  the  removal  of  an  enormous  thickness  of  later  depoettfl. 
The  same  region  still  remains  high  ground,  e?en  after  prolonged 
denudation.  Again,  in  areas  where  thick  accumulations  of  sedi- 
mentary material  have  taken  place  there  has  always  been  contem- 
poraneous subsidence.  So  close  and  constant  is  this  relationabip  m 
to  have  suggested  the  belief  that  denudation  by  unloading  the 
crust  allows  it  to  rise,  while  deposition  by  loading  it  causes  it  to 
sink  {ante,  p.  287).^ 

It  is  evident  that  in  the  results  of  terrestrial  contraction  en 
the  surface  of  the  whole  planet,  subsidence  must  always  have  been 
in  excess  of  upheaval,  that  in  fact  upheaval  has  only  occnrred 
locally  over  areas  where  portions  of  the  crust  have  been  ridged  up 
by  the  enormous  tangential  thrust  of  adjacent  subsiding  regiona 
The  tracts  which  have  thus  been  as  it  were  squeezed  out  under  the 
strain  of  contraction  have  been  weaker  parts  of  the  crunt  and  have 
usually  been  made  use  of  again  and  again  during  geological  time. 
They  form  the  terrestrial  regions  of  the  earth's  surface.  Thus,  the 
continents  as  we  now  find  them  are  the  result  of  many  sncceMrve 
uplifts,  corresponding  probably  to  concomitant  depreanons  of  the 

*  While  these  pages  are  passing:  through  the  press,  the  KeT.  O.  Fidier  bas  pnlilkhiJ 
an  able  volume  on  the  **  Phybics  of  the  Earth's  Gmst,**  in  which  be  endeaToms  to  thtm 
that  the  secular  controcHon  of  a  solid  globe  through  mere  cooling  wiU  not  aec^oual  Ipc 
the  observed  phenomena ;  and  he  re-states  his  argument  for  the  existeooe  of  a  ttuid  Mb- 
stratum  between  the  crust  and  the  nucleus.    See  ante^  p.  53. 

*  Op.  cii.  chap.  xii.  The  rate  observed  in  the  Mont  Ccnis  and  Hoot  6t  OoCkaal 
Tunnels  was  about  1°  Fahr.  for  every  100  feet,  or  only  about  half  th«»  nsiud  rate. 

*  This  belief  has  in  recent  years  been  forcibly  urged  by  Americui  geologirta  wW 
have  studied  the  structure  of  the  Western  Territories.  Pci  ospmally  the  irpnrt*  </ 
Mr.  Clarence  King,  Major  Powell,  and  Captain  Dutton. 


Digitized  by 


Google 


Book  VH.]         TERRESTRIAL  FLEXURES.  913 

ocean  bed.  In  the  long  process  of  contraction  the  earth  has  not  con- 
tracted uniformly  and  eq^uably.  There  have  been  no  doubt  vast  periods 
during  which  no  appreciable  or  only  ezcessiyely  gradual  movements 
took  place ;  but  there  have  probably  also  been  intervals  when  the  accu* 
mulated  strain  on  the  crust  found  relief  in  more  or  less  rapid  collapse. 

The  general  result  of  such  terrestrial  disturbances  has  been  to 
throw  the  crust  of  the  earth  into  wave-like  undulations.  In  some 
cases  a  wide  area  has  been  upheaved  as  a  broad  low  arch  with  little 
disturbance  of  the  original  level  stratification  of  its  component  rocks. 
More  usually  the  undulations  have  been  impressed  as  sensible  de- 
formations of  the  crusty  varying  in  magnitude  from  the  gentlest 
appreciable  roll  up  to  mountainous  crests  of  complicated  pacation, 
inversion^  and  fractura  As  a  rule  the  undulations  have  been  linear, 
but  their  direction  has  varied  from  time  to  time,  having  been  deter- 
mined at  right  angles,  or  approximately  so,  to  the  trend  of  the 
lateral  pressure  that  produced  them. 

Considered  with  reference  to  their  mode  of  production,  the 
leading  contours  of  a  land-surface  may  be  grouped  as  follows : — 
1.  ThoslB  which  are  due  more  or  less  directly  to  disturbance  of  the 
crust.  2.  Those  which  have  been  formed  by  volcanic  action. 
3.  Those  which  are  the  result  of  denudation. 

1.  Terrestrial  Features  due  more  or  less  directly 
to  Disturbance  of  the  Crust. — In  some  regions  large  areas 
of  stratified  rocks  have  been  raised  up  with  so  little  trace  of  curva- 
ture that  they  seem  to  the  eye  to  extend  in  horizontal  sheets  as 
wide  plains  or  table-lands.  If  however  these  areas  can  be  followed 
sufficiently  far,  the  flat  strata  are  eventually  found  to  curve  down 
slowly  or  rapidly^  or  to  be  truncated  by  dislocations.  In  an  elevated 
region  of  this  ond,  the  general  level  of  the  ground  corresponds  on 
the  whole  with  the  planes  of  stratification  of  the  rocks.  Vast  regions 
of  Western  America,  where  Cretaceous  and  later  strata  extend  in 
nearly  horizontal  sheets  for  many  thousands  of  square  miles  at 
heights  of  4000  feet  or  more  above  the  sea,  may  be  taken  as 
illustrations  of  this  structure. 

As  a  rule,  curvature  is  more  or  less  distinctly  traceable  in  every 
region  of  uplifted  rocks.  Various  types  of  flexure  may  be  noticed, 
of  which  the  following  are  some  of  the  more  important. 

(a.)  MonocHindl  Flexures  (p.  516). — These  occur  most  markedly  in 
broad  plateau  regions  and  on  the  flanks  of  large  broad  uplifts,  as  in 
the  table-lands  of  Utah,  Wyoming,  &c.  They  are  frequently  re- 
placed by  faults,  of  which  indeed  they  may  be  regarded  as  an 
incipient  stage  (p.  526). 

(b.)  Symmetrical  Ftexures,  where  the  strata  are  inclined  on  the 
two  sides  of  the  axis  at  the  same  or  nearly  the  same  angle,  may 
be  low  gentle 'undulations  or  may  increase  in  steepness  till  they 
become  short  sharp  curves.  Admirable  illustrations  of  different 
degrees  of  inclination  may  be  seen  in  the  range  of  the  Jura  and  the 
Appalachians,  where  the  influence  of  this  structure  of  the  rocks  on 
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external  scenery  may  be  instractively  stDdied.  In  many  instanees 
each  antidlme  forms  a  long  ridge,  and  each  syncline  runs  as  a  oorre- 
sponding  and  parallel  valley.  It  will  nsualljr  be  observed,  howerer, 
that  the  snrface  of  the  ground  does  not  strictly  conform  for  more 
than  a  short  distance  to  the  snrface  of  any  one  bed ;  bat  that,  on 
the  contrary,  it  passes  across  the  edges  of  successiye  beds,  as  in 
Fig.  430.    This  relation — so  striking  a  proof  of  the  extent  to  which 
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Fio.  430.— Sthmetrioal  Flextjbes  or  Suiss  Juba. 
(The  ridges  coinoiding  with  antiolinee  and  the  valleys  with  syneUnei.) 

the  sar£eu!e  of  the  land  has  suffered  from  denudation — ^may  be  fol- 
lowed through  successiye  phases  until  the  original  superficial  contoms 
are  exactly  reversed,  the  ridges  running  along  the  lines  of  syncline 
and  the  valleys  along  the  lines  of  anticline  (Fi^.  337, 338).  Among 
the  older  rocks  of  the  earth's  crust  which  havebeen  exposed  alike  U> 
curvature  and  prolonged  denudation,  this  reversal  may  oe  considered 
to  be  the  rule  rather  than  the  exception.  We  may  suppose  that 
the  tension  of  curvature  produced  an  actual  rupture  of  tne  crest  of 
an  anticline  along  which  the  denuding  agents  might  operate. 

The  Uinta  type  is  a  variety  of  this  structure  seen  to  fi^reat  per- 
fection in  the  Uinta  Mountains  of  Wyoming  and  Utah.  It  consist! 
of  a  broad  flattened  flexure  from  which  the  strata  descend  steeply  or 
vertically  into  the  low  grounds,  where  they  quickly  resume  their 
horizontality.  In  the  Uinta  Mountains  the  flat  arch  has  a  length 
of  upwards  of  150  and  a  breadth  of  about  50  miles,  and  exposes  a 
vast  deeply  trenched  plateau  with  an  average  height  of  10,000  to 


Fio.  431.— Uinta  Type  of  Flkxitbe. 
a,  Paleozoic  rooks ;  h,  Mesozoio ;  c,  Tertiary ;  /  fault 

11,000  feet  above  the  sea,  and  6000  to  6000  feet  above  the  pkiu 
on  either  side.  This  elevated  region  consists  of  nearly  level  andeat 
Palsaozoic  rocks,  which  plunge  steeply  below  the  Seccmdary  and 
Tertiary  deposits  that  have  been  tilted  by  the  uplift  (Fig.  431). 
Powell  believes  that  a  depth  of  not  less  than  three  and  a  half  miles 
of  strata  has  been  removed  by  denudation  from  the  tm>  of  the 
arch.^  In  some  places  the  line  of  maximum  flexnre  at  the  side  of 
the  uplift  has  given  way,  and  the  resulting  fault  has  at  one  point  a 
vertical  displacement  of  20,000  feet. 

*  Oeohgy  of  Uinta  MouniatM,  p.  201.    There  is  in  this  work  a  aoggeatire  < 

of  iypeg  of  mountain  stmcture.    Bee  also  Clarence  King's  Report  on  Gfob9y  ^  i 
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Another  variety  of  more  complex  structure  may  be  termed  the 
Park  typey  from  its  singularly  clear  development  in  the  Park  region 
of  Colorado.  In  this  tyne  an  axis  of  ancient  crystalline  rocks — 
granites,  gneisses,  &c.— has  been  as  it  were  pushed  through  the 
flexure,  or  the  younger  strata  have  been  bent  sharply  over  it  so  that 
after  vast  denudation  their  truncated  ends  stand  up  vertically  along 
the  flanks  of  the  uplifted  nucleus  of  older  rocks  (Fig.  432). 

There  may  be  only  one  dominant  flexure,  as  in  the  case  of  the 


Pm.  432.— Pabk  Type  op  Flkxubb. 
a,  Crystalline  rocks ;  6,  Mesozoic  rocks. 

Uinta  Mountains,  the  long  axial  line  of  which  is  truncated  at  the 
ends  by  lines  of  flexure  nearly  at  right  angles  to  it.  More  usually 
numerous  folds  run  approximately  parallel  to  each  other  as  in  the 
Jura  and  Appalachian  chains,  l^t  infrequently  some  of  them  die 
out  or  coalesce.    Their  axes  are  seldom  perfectly  stitught  lines. 

(c.)  Unsymmeirical  FleomreSy  where  one  side  of  the  fold  is  much 
steeper  than  the  other,  but  where  they  are  still  inclined  in  opposite 
directions,  occur  in  tracts  of  considerable  disturbance.  The  steep 
sides  look  away  from  the  area  of  maximum  disturbance,  and  are 
more  sharply  inclined  as  they  approach  it  until  the  flexures  become 
inverted.  Instructive  examples  of  this  structure  are  presented  by 
the  Jura  Mountains  and  the  Appalachian  chain.  In  these  tracts  it 
is  observable  that  in  proportion  as  the  flexures  increase  in  angle  of 
inclination  they  become  narrower  and  closer  together,  while,  on  the 
other  hand,  as  they  diminish  into  symmetrical  forms,  they  become 
broader,  flatter,  and  wider  apart,  till  they  disappear  (Figs.  239,433). 
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Fio.  438. — Section  aoboss  Western  Pabt  of  Juba  Mountains. 
(After  P.  Ghoffat,  ^gf^  A.  Heim,  MechanUm.  Oebirgsh.  PI.  xiii.) 

BeverMd  J^exures,  where  the  strata  have  been  folded  over 
in  such  a  way  that  on  both  sides  of  the  axis  of  curvature  they  dip 
in  the  same  direction,  occur  chiefly  in  districts  of  the  most  intense 
plication,  such  as  a  great  mountain  chain  like  the  Alps.  The  incli- 
nation, as  before,  is  for  tiie  most  part  towards  the  region  of  maximum 
disturbance,  and  the  flexures  are  often  so  rapid  that  after  denudation 
of  the  tops  of  the  arches  the  strata  are  isoclinal,  or  appear  to  be 
dipping  all  in  the  same  direction  ^p.  518).  A  gradation  can  be 
traced  through  the  three  last-named  kinds  of  flexure.  The  inverted 
or  reversed  type  is  found  where  the  crumpling  of  the  crust  has  been 
greatest.    Away  from  the  area  of  maximum  disturbance  the  folds 
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pass  into  the  unsymmetrical  type,  then  with  graduaUy  lessening 
slopes  into  the  symmetrical^  finally  widening  out  and  flattening 
into  the  plains.  If  we  bisect  the  flexures  in  a  section  of  such  a 
^cated  region  we  And  that  the  lines  of  bisection  or  **  axis-planes  ^ 
are  vertical  in  the  symmetrical  folds,  and  gradually  incline  towards 
the  more  plicated  ground  at  lessening  angles.^ 

Fractures  not  infrequently  occur  along  the  axes  of  unsymmetrical 
and  inverted  flexures,  the  strata  having  snapped  under  the  great 
tension,  and  one  side  (in  the  case  of  inverted  flexures,  usually  the 
upper  side)  having  been  pushed  over  the  other,  sometimes  with  a 
vertical  displacement  of  several  thousand  feet.  It  is  al<mg  or 
parallel  to  uie  axes  of  plication,  and  therefore  coincident  with  the 
general  strike,  that  the  great  faults  of  a  plicated  region  occur.  As 
a  rule  dislocations  are  more  easily  tracea  among  low  grounds  than 
among  the  mountains.  One  of  the  most  remarkable  and  important 
faults  in  Europe,  for  example,  is  that  which  bounds  the  southern  edge 
of  the  Belgian  coal-field  (p.  746).  It  can  be  traced  across  Belgium, 
has  recently  been  detected  in  the  Boulonnais,  and  m&j  not  impro- 
bablv  run  bieneath  the  Secondary  and  Tertiary  rocks  of  the  south  of 
England.  It  is  a  remarkable  fact  that  faults  which  have  a  vertical 
displacement  of  many  thousands  of  feet  produce  little  or  no  effect 
upon  the  surface.  Tne  great  Belgian  fault  is  crossed  by  the  valleys 
of  the  Mouse  and  other  northerly  flowing  streams.  Yet  so  ind^ 
tinctly  is  it  marked  in  the  Mouse  valley  that  no  one  would  suspect 
its  existence  from  any  peculiarity  in  the  general  form  of  the  ground, 
and  even  an  experience  geologist,  until  he  had  learned  the  structure 
of  the  dbtrict,  would  scarcely  detect  any  fault  at  all. 

(e.)  Alpine  Tme  of  MotMtain  Strudwre. — It  is  along  a  great 
mountain  chain  like  tne  Alps  that  the  most  colossal  crumplings  of 
the  terrestrial  crust  are  to  be  seen.  In  approaching  such  a  chain 
one  or  more  minor  ridges  mav  be  observed  running  on  the  whole 
parallel  with  it,  as  the  Jura  ridges  flank  the  north  side  of  the  Alps, 
and  the  sub-Himalayan  ridges  follow  the  southern  base  of  the  Hima- 
layas. On  the  outer  side  of  these  ridges  the  strata  may  be  flat  or 
gently  inclined.  At  first  they  undulate  in  broad  gentle  folds ;  but 
traced  towards  the  mountains  these  folds  become  sharper  and  closer, 
their  shorter  sides  fronting  the  plains,  their  longer  slopes  dipping 
in  the  opposite  direction.  This  inward  dip  is  often  traceable  along 
the  flanks  of  the  main  chain  of  mountains,  younger  rocks  seeming 
to  underlie  others  of  much  older  date.  Along  Sie  north  front  rf 
the  Alps,  for  instance,  the  red  molasse  is  overlaid  by  Eocene  and 
older  formations*  The  inversions  increase  in  magnitude  till  they 
reach  such  colossal  dimensions  as  the  double  fold  of  the  Glamiach, 
where  Triassic,  Jurassic,  and  Cretaceous  rocks  have  been  thrown 
over  above  the  Eocene  flysch  and  nummulitic  limestone  (p.  518). 
In  such  vast  crumplings  it  may  happen  that  portions  of  older  strata 
are  caught  in  the  tolds  of  later  formations,  and  some  care  may  be 

»  H.  D.  Rogers,  Trans.  Boy.  Soc.  Edin,  xxi.  p.  434. 
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required  to  discriminate  the  enclosure  from  the  rocks  of  which  it 
appears  to  form  an  integral  and  original  part.  Some  of  the 
recorded  examples  of  fossils  of  an  older  zone  occurring  by  them- 
selves in  a  much  younger  group  of  plicated  rocks  may  be  thus 
accounted  for. 

The  inward  dip  and  consequent  inversion  traceable  towards  the 
centre  of  a  mountain  chain  lead  up  to  the  fan-shaped  structure 
(p.  519),  where  the  oldest  rocks  of  a  series  occupy  the  centre  and 
overlie  younger  masses  which  plunge  steeply  under  them.  Classical 
examples  of  this  structure  occur  in  the  Alp  (Mont  Blanc>  St. 
Gothard),  where  crystalline  rocks  such  as  granite,  gneiss,  and  schist, 
the  oldest  masses  of  the  chain,  have  been  ridged  up  into  the  centi^Bd 
and  highest  peaks.  Along  these  tracts  denudation  has  been  of 
course  enormous,  for  the  appearance  of  the  granitic  rocks  at  the 
surface  has  been  brought  about,  not  by  actual  extrusion  into  the 
air,  but  by  prolonged  erosion,  which  in  these  higher  regions,  where 
many  forms  of  subaerial  waste  reach  their  most  vigorous  phase,  has 
removed  the  vast  overarching  cover  of  younger  rocks  under  which 
the  crystalline  nucleus  lay  buried. 

With  the  crumpling  and  fracture  of  rocks  in  mountain-making, 
the  hot  springs  must  be  connected,  which  so  frequently  rise  alon^ 
the  flanks  of  a  mountain  chain.  A  further  relation  is  to  be  traced 
between  these  movements  and  the  opening  of  volcanic  vents  either 
along  the  chain  or  parallel  to  it,  as  in  the  ^des  and  other  prominent 
ridges  of  the  crust.  Elevation,  by  diminishing  the  pressure  on  the 
parts  beneath  the  upraised  tracts,  may  permit  them  to  assume  a 
liquid  condition  and  to  rise  within  reach  of  the  surface,  when,  driven 
upwards  by  the  expansion  of  superheated  vapours,  they  are  ejected 
in  the  form  of  lava  or  ashes.  Mr.  Fisher  supposes  that  the  lower 
half  of  the  double  bulge  of  the  crust  in  a  mountain,  by  being  de- 
pressed into  a  lower  region,  may  be  melted  ofif»  giving  rise  to 
siliceous  lavas  which  rise  before  the  deeper  basaltic  magma  begins 
to  be  erupted. 

b  a  b 

Fia.  431. — Section  or  a  Mountain  Chain  shotting  two  Pebiods  of  Upheaval. 

A  mountain  chain  may  be  the  result  of  one  movement,  but  pro- 
bably in  most  cases  is  due  to  a  long  succession  of  such  movements. 
Formed  on  a  line  of  weakness  in  the  crust,  it  has  again  and  again 
given  relief  from  the  strain  of  compression  by  undergoing  fbedi 
crumpling  and  upheaval.  The  successive  stages  of  uplift  are  usually 
not  di£Bcult  to  trace.  The  chief  guide  is  supplied  by  unconform- 
ability  (p.  599).  Let  us  suppose,  for  example,  that  a  mountain  rang;e 
(Fig.  434)  consists  of  upraised  Lower  Silurian  rocks  (a)^  upon  the 
upturned  and  denuded  edges  of  which  the  Carboniferous  Lime- 
stope  (b  h)  lies  transgressively.    The  original  uphei^val  of  \h&%  n^ige 
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must  have'  taken  place  between  the  Lower  Silnrian  and  the  Gar- 
boniferons  Limestone  periods.  If,  in  following  the  range  aknig  its 
course,  we  find  the  Carboniferous  Limestone  al^  highly  inclined  and 
covered  unconformably  by  the  Upper  Coal-measures  (e  e),  we  ahoold 
know  that  a  second  uplift  of  that  portion  of  the  ^und  had  taken 
place  between  the  time  of  the  Lmiestone  and  that  of  the  Upper 
Uoal-measnres.  Moreover^  as  the  Coal-measures  were  laid  down 
bdow  the  sea-level,  a  third  uplift  has  subsequently  oocmrred  who^y 
tbey  were  raised  into  dry  land.  By  this  simple  and  obvious  kind 
of  evidence  the  relative  ages  of  difierent  mountain  chains  may  be 
compared.  In  most  great  mountain  chains,  however,  the  rocks  have 
been  so  intensely  crumpled^  and  even  inverted,  that  much  labour 
Biay  be  required  before  their  true  relations  can  be  determined* 

The  Alps  offer  an  instructive  example  of  a  great  mountain  system 
formed  by  repeated  movements  during  a  long  succession  of  geolo- 
gioal  periods.  The  central  portions  ot  the  chain  consist  of  gneiss, 
schists,  granite,  and  other  crystalline  rocks,  partly  referable  to  the 
Archiean  series,  but  some  of  which  appear  to  be  metamorphosed 
PalsBozoic,  Secondary,  and  even  older  Tertiary  deposits.  It  would 
appear  that  the  finst  outlines  of  the  Alps  were  traced  out  even  in 
ArohsBan  times,  and  that  after  submergence,  and  the  deposit  of 
Palseozoic  formations  alon^  their  flanks,  if  not  over  most  of  their 
site,  they  were  re-elevated  into  land.  From  the  relations  of  the 
Mesozoic  rocks  to  each  other,  we  may  infer  that  several  renewed 
uplifts  after  successive  denudations  took  place  before  the  begiiming 
of  Tertiary  times;  but  without  any  general  and  extensive  plication. 
A  large  part  of  the  range  was  certainly  submerged  during  the 
Eocene  period  under  the  waters  of  that  wide  sea  which  spread 
across  the  centre  of  the  Old  World,  and  in  which  the  nummulitic 
limestone  and  flysch  were  deposited.  But  after  that  period  the 
grand  upheaval  took  place  to  which  the  present  magnitude  of  the 
mountains  ia  chiefly  due.  The  older  Tertiary  rocks,  previouslv 
horizontal  under  the  sea,  were  raised  up  into  land,  together  with 
the  older  formations  of  the  chain,  and  were  crumpled,  dislocated,  and 
inverted.  So  intense  was  the  compression  to  which  the  Eocene  clays 
and  sands  were  subjected  that  they  were  converted  into  hard  and 
even  eomewhat  crystalline  rocks.  It  is  strange  to  reflect  that  the 
enduring  materials  out  of  which  so  many  of  the  mountains,  cli£&,  and 
pinnacles  of  the  Alps  have  been  formed  are  of  no  higher  geological 
antiquity  than  tiie  London  clay  and  other  soft  Eocene  deposits  of 
the  south  of  Ei^land.  At  a  later  stage  of  Tertiary  time  renewed 
disturbance  led  to  the  destruction  of  the  lakes  in  which  the  molasse 
had  accumulated,  and  their  thick  sediments  were  thrust  up  into 
large  broken  mountain  masses,  such  as  the  Ri^hi,  Bossberg,  and 
other  prominent  heights  along  the  northern  flank  of  the  Alne. 
Since  tnat  great  movement  no  paroxysm  seems  to  have  affected  the 
Alpine  region  except  the  earthquakes,  which  from  time  to  time  show 
the  process  of  mountain-making  to  be  only  suspended  or  still  slowly 
progress. 
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The  gradual  evolation  of  a  continent  during  a  long  succession  of 
geological  periods  has  been  admiraU^  worked  out  for  North  America 
by  Dana,  Imwson,  Dntton,  Gilbert,  Hayden,  King,  Newberry,  Powell, 
and  others.  The  general  character  of  the  structure  is  extreme  sim- 
plicity, as  compared  with  that  of  the  Old  World.  In  the  Bocky 
Mountain  region,  for  example,  while  the  PalsBozoic  formations  lie 
unconformably  upon  the  Archaean  gneiss,  there  is,  according  to  £ing, 
a  regular  conformable  sequence  from  the  lowest  Palseozoic  to  the 
Jurassic  rocks.  During  tne  enormous  interval  of  time  represented 
by  these  massive  formations  what  is  now  the  axis  of  the  continent 
remained  undisturbed  save  by  a  gentle  and  protracted  subsidence.  In 
the  great  depression  thus  produced  all  the  Palaeozoic  and  a  great  part 
of  the  Mesozoic  rocks  were  accumuliUied.  At  the  close  of  the 
Jurassic  period  the  first  great  upheavals  took  place.  Two  lofty  ranges 
of  mountains, — ^the  Sierra  Nevada  (now  with  summits  more  than 
14,000  feet  high)  and  the  Wahsatch, — 400  miles  apart,  were  pushed 
up  from  the  great  subsiding  area.  These  movements  were  followed 
by  a  prolonged  subsidence,  during  which  Cretaceous  sediments 
accumulated  over  the  Bocky  Mountain  region  to  a  depth  of  9000 
feet  or  more.  Then  came  another  vast  uplift,  whereby  the  Cretaceous 
sediments  were  elevated  into  the  crests  of  the  mountains,  and  a 
parallel  coast-range  was  formed  fronting  Hie  Pacific.  Intense  meta- 
morphism  of  the  Cretaceous  rocks  is  stated  to  have  taken  place.  The 
Bocky  Mountains,  with  the  elevated  table-land  from  which  they  rise, 
now  jjermanently  raised  above  the  sea,  were  gradually  elevated 
to  their  present  height.  Vast  lakes  existed  among  them,  in  which, 
as  in  the  Tertiary  basins  of  the  Alps,  enormous  maases  of  sediment 
accumulated.  The  slopes  of  the  land  were  clothed  wiUi  an  abundant 
vegetation,  in  which  we  may  trace  the  ancestors  of  many  of  the 
livmg  trees  of  North  America.  One  of  the  most  striking  features 
in  the  later  phases  of  this  history  was  the  outpouring  of  great  floods 
of  trachyte,  basalt,  and  other  lavas  from  manv  points  and  fissures 
over  a  vast  space  of  the  Bocky  Mountains  and  the  tracts  lying  to 
the  west.  In  the  Snake  Biver  region  alone  the  basalts  have  a  depth 
of  700  to  1000  feet,  over  an  area  300  miles  in  breadth. 

These  examples  show  that  the  elevation  of  mountains,  like  that  of 
continents,  has  been  occasional,  and,  so  to  speak,  paroxysmal.  Long 
intervals  elapsed  when  a  slow  subsidence  took  place,  but  at  last  a 
point  was  reached  when  the  descending  crust,  unable  any  longer  to 
>vithstand  the  accumulated  lateral  pressure,  was  forced  to  find  relief 
by  rising  into  mountain  ridges.  With  this  effort  the  eleyatory 
movements  ceased.  They  were  followed  either  by  a  stationary 
period,  or  more  usually  by  a  renewal  of  the  &;radual  depression,  until 
eventually  relief  was  again  obtained  by  upheaval,  sometimes  along 
new  lines,  but  often  on  those  which  had  previously  been  used.  The 
intricate  crumpling  and  gigantic  inversions  of  a  great  mountain 
chain  naturaliv  suggest  that  the  movements  which  caused  tiiese  dis- 
turbances of  the  strata  were  sudden  and  violent    And  this  inference 
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may  in  most  cases  be  correct.  It  is  not  so  easy,  bowerer,  to 
strate  that  a  disturbance  was  rapd  as  to  prove  that  it  most  haTe 
slow.  That  some  uplifts  resulting  in  the  rise  of  important  moai 
ranges  bave  been  almost  insensibly  broogfat  aboot,  can  be  diovn 
from  the  operation  of  riyers  in  the  regions  affected*  Urns  the  rias 
of  the  Uinta  Mountains  has  been  so  qniet,  that  the  Green  Biver^ 
which  flk)wed  across  the  site  of  the  range,  has  not  been  deflected,  boi 
has  actually  been  able  to  deepen  its  canon  as  fisist  as  the  mountains 
haTe  been  pushed  upward.^  The  Pliocene  accumulations  along  the 
southern  flanks  of  tne  Himalayas  show  that  the  riyers  still  ron  in 
the  same  lines  as  they  occupied  before  the  last  gigantic  npheaTal  of 
the  chain  (p.  879). 

2.  Terrestrial  Features  due  to  Volcanic  Action. — The 
two  types  of  volcanic  eruptions  described  in  Book  IIL  Part  L,  gtre 
rise  to  two  rery  distinct  types  of  scenery.  The  ordinary  Tolcanie 
vent  leads  to  the  piling  up  of  a  conical  mass  of  erupted  materials 
round  the  orifice.  In  its  simplest  form  the  cone  is  of  small  me  and 
has  been  formed  by  the  discbarges  from  a  single  funnel,  like  many  of 
the  tuff  and  cinder  cones  of  Auvergne,  the  Eifel,  and  the  Bay  of 
Naples.  Every  degree  of  divergence  from  this  simplicity  may  be 
traced^  however,  till  we  reach  a  colossal  mountain  like  Etna,  wherein, 
though  the  conical  form  is  still  retained,  erupticms  have  proceeded 
from  so  many  lateral  vents  that  the  main  cone  is  loaded  with  minor 
volcanic  hills.  Denudation  as  well  as  explosion  comes  into  play ; 
deep  and  wide  vallevs,  worn  down  the  slopes,  serve  as  channels  for 
successive  floods  of  lava  or  of  water  and  volcanic  mud.  On  the  other 
hand  the  type  of  fissure-eruption  in  which  the  lava,  instead  of  issoing 
from  a  central  vent,  has  welled  upward  from  many  parallel  or  con- 
nected fissures,  leads  to  the  formation  of  wide  lava-plams  composed  of 
successive  level  sheets  of  lava.  By  subsequent  denudation  these 
plains  are  trenched  by  valleys,  and  along  their  margin  are  cut  into 
escarpments  with  isolated  blocks  or  outliers.  They  thus  become  great 
plateaux  or  table-lands  like  those  of  north-west  Europe,  the  Deccaa, 
and  Abyssinia  (pp.  256,  565). 

The  forms  assumed  by  volcanic  masses  of  older  Tertiary  and  still 
earlier  geological  date  are  in  the  main  due  not  to  their  original 
contours,  but  to  denudation.  The  rocks,  being  commonly  harder 
than  those  among  which  they  lie,  stand  out  prominently,  and  dtea, 
in  course  of  time  and  in  virtue  of  their  mode  of  weathering,  Mwnmi 
a  conical  form,  which,  however,  has  obviously  no  relation  to  that  of 
the  original  volcano.  Eminences  formed  after  the  type  of  the  Henry 
Mountain  (d.  546)  owe  their  dome-shape  to  the  subterranean  effuaioa 
of  erupted  lava,  out  the  superficial  irregularities  of  contour  in  the 
domes  must  be  ascribed  to  aenudation. 

*  Powell's  Ocology  of  Ihe  Uinta  M<mmtain$,  in  the  Beportt  of  U.  8.  Ommmmkitwi 
and  Qtoiogical  Survey,  Hoeky  Mountain  RegioUj  1S76.  The  mam  coodonioik  m  dnv* 
by  Gilbert  from  the  stmcturo  of  the  Wahntoh  Mountaint.  See  hia  xlwlral^  easr  «■ 
**j^pd  Sculpture,"  in  hit  Otology  of  tht  Henry  Mountain$^  published  in  Mae  amt  of 
Beportf,  1877. 
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8,  Terreatrial  Features  due  to  Denudation. — Thegeneral 
results  of  denudation  have  been  discussed  in  Book  III.  Part  IL  sect.  ii. 
Eyery  portion  of  the  land,  as  soon  as  it  rises  above  the  sea-leyel,  is 
attacKed  by  denuding  agents.  Hence  the  older  a  terrestrial  snr&oe 
the  more  may  it  be  expected  to  show  the  results  of  the  operation  of 
these  agents.  We  have  already  seen  bow  comparatively  rapid  are  the 
processes  of  subaerial  waste  (p.  444).  It  is  accordingly  evident  that 
the  present  contours  of  the  land  cannot  be  expected  to  reveal  any  trace 
whatever  of  the  early  terrestrial  surfaces  of  the  globe.  The  most 
recent  mountain  chains  and  volcanoes  may,  indeed,  retain  more  or 
less  markedly  their  original  superficial  outlines;  but  these  must 
be  more  and  and  more  effaced  in  proportion  to  their  geological 
antiquity. 

The  fundamental  law  in  the  erosion  of  the  terrestrial  surfaces 
is  that  harder  rooks  resist  decay  more,  while  softer  rocks  resist  it  less. 
The  former  consequently  are  left  projecting,  while  the  latter  are 
worn  down.  The  terms  "  hard  "  and  "  soft "  are  used  here  in  the  sense 
of  being  less  easily  and  more  easily  abraded,  though  every  rock  suffers 
in  some  measure.  If,  therefore,  a  perfectly  level  surface,  composed 
of  rocks  exceedingly  unequal  in  power  of  resistance,  were  to  be  raised 
above  the  sea,  and  to  be  exposed  to  the  action  of  weathering,  it 
would  eventually  be  carved  into  a  system  of  ridges  and  valleys.  The 
eminences  would  be  determined  by  the  position  of  the  harder  rocks, 
the  depressions  by  the  site  of  the  softer.  Every  region  of  Mesozoic 
or  Palaeozoic  roc^  affords  ample  illustration  of  this  result.  The  hills 
and  prominent  ridges  are  found  to  be  where  they  are,  not  because 
they  have  been  specially  upheaved,  but  because  they  are  composed 
of  more  durable  materials,  or  because  by  the  disposition  of  the 
original  drainage  lines  they  have  been  less  eroded  than  the  valleys. 

In  this  marvellous  process  of  land-sculpture  we  have  to  consider 
on  the  one  hand  the  agents  and  combinations  of  agents  which  are 
at  work,  and  on  the  other  the  varying  powers  of  resistance  arising 
from  declivity,  coniposition,  and  structure  of  the  materials  on  which 
these  agents  act.  The  forces  or  conditions  required  in  denudation — 
air,  aridity,  rain,  springs,  frost,  rivers,  glaciers,  the  sea,  plant  and 
animal  life — have  been  described  in  Book  III.  Part  IL  Every  country 
and  climate  must  obviously  have  its  own  combination  of  erosive 
activities.  The  decay  of  the  surface  in  Egypt  or  Arizona  arises 
from  a  different  group  of  forces  from  that  whicn  can  be  seen  in  the 
west  of  Europe  or  in  New  England. 

In  tracing  the  sculpture  of  the  land  we  are  soon  led  to  perceive 
the  powerful  influence  of  the  angle  of  slope  of  the  ground  upon 
the  rate  of  erosion.  This  rate  decreases  as  the  angle  lessens,  till  on 
level  plains  it  reaches  its  minimum.  Other  things  being  equal  a 
steep  mountain  rid^e  will  be  more  deeply  eroded  than  one  of  the 
same  elevation  which  rises  gradually  out  of  the  plains.  Hence 
the  declivity  of  the  ground  at  its  first  elevation  into  land  must 
have  had  an  important  bearing  upon  the  subsequent  erosion  of  the 


Digitized  by 


Google 


922  PHYSIOGRAPHIOAL  GEOLOGY.        [Book  VIL 

slopes.  It  is  important  to  obserye  that  the  depresuons  into  wkicji 
the  first  rain  gathered  on  the  surface  of  the  newly  upraised  laad 
would  in  most  cases  become  the  permanent  lines  of  drainage.  Thej 
would  be  continually  deepened  as  the  water  coursed  in  them,  bo  thai 
unless  where  subterranean  disturbance  came  into  play,  or  whe^e  the 
channels  were  obstracted  by  landslip  or  otherwise,  the  streams  would 
be  unable  to  quit  the  channels  they  had  once  chosen.  The  per» 
manence  of  drainage-lines  is  one  of  the  most  remarkable  features 
in  the  geological  history  of  the  continents.  The  main  yalleys  of  a 
country  are  usually  among  the  oldest  parts  of  its  topography.  As 
they  are  widened  and  deepened  the  ground  between  them  may  be 
left  projecting  into  high  ridges  and  eyen  prominent  isolated  lullk 

A  chief  element  in  the  progress  of  land-sculpture  is  geological 
structure — the  character,  arrangement,  and  composition  of  the  rocks 
and  the  manner  in  which  each  yariety  yields  to  the  attacks  of  the 
deluding  agents.  Besides  the  general  relations  of  the  8o<»Ued 
hard  rocks  to  resulting  prominences,  and  of  soft  rocks  to  depressions, 
the  broader  ^eotectonic  characters  haye  had  a  dominant  inflaenoe 
upon  the  evolution  of  terrestrial  contours.  As  illustrations  of  this 
influence,  reference  may  be  made  to  the  marked  difference  betireeB 
the  scenery  of  districts  composed  of  stratified  sedimentary  rocks,  and 
that  of  areas  of  massiye  eruptiye  rocks  snch  as  granite.  In  the 
former  case,  bedding  and  joints  furnish  divisional  lines,  the  guiding 
influence  of  which  upon  the  external  forms  of  the  mountains  is 
everywhere  traceable.  In  the  case  of  eruptive  masses  the  rock  is 
split  open  along  joints  only,  which  mainly  determine  the  shapes  of 
crest,  cliff,  and  corry. 

Bedding  produces  a  distinct  type  of  scenery  which  can  be  traced 
from  the  sides  of  a  mere  brook  up  into  tall  sea-cliffs  or  into  lofky 
mountain  groups.  Moreover,  much  of  the  ultimate  character  of  the 
scenery  depends  upon  whether  the  strata  have  been  left  undis* 
turbed ;  for  the  position  of  the  bedding,  whether  flat^  inclined,  vertical, 
or  contorted,  largely  determines  the  nature  of  the  surfiu^e.  The 
most  characteristic  scenery  formed  by  stratified  rocks  is  undoubtedly 
where  the  bedding  is  horizontal,  or  nearly  so,  and  the  strata  an 
massive.  A  mountain  constructed  of  such  materiak  appean  as 
a  colossal  pyramid,  the  level  lines  of  stratification  locwing  Hke 
gigantic  courses  of  masonry.  Joints  and  faults  traveising  the 
bedding  allow  it  to  be  cleft  into  blocks  and  deep  channs  that 
heighten  the  resemblance  to  ruined  architecture.  Probably  the 
most  marvellous  illustrations  of  these  results  are  to  be  found  in  the 
Western  Territories  of  the  United  States.  The  vast  table-lands  of 
Colorado  in  particular  offer  a  singularly  impressive  picture  of  the 
effects  of  mere  subaerial  erosion  on  undisturbed  ana  nearly  leTtl 
strata  (see  frontispiece).  Systems  of  stream-courses  and  yaUeTs» 
river  gorges,  unexampled  elsewhere  in  the  world  for  depth  and 
length,  vast  winding  lines  of  escarpment,  like  ranges  of  sea-diffit, 
terraced  slopes  rising  from  plateau  to  plateau^  huge  buttresses  and 
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solitary  stacks  standing  like  islands  ont  of  the  plains,  great  moantun 
masses  towering  into  picturesque  peaks  ana  pinnies,  cleft  hj 
innumerable  gnlUes,  yet  everywhere  marked  by  the  parallel  ban 
of  the  horizontal  strata  ont  of  which  they  hare  been  carred — these 
are  the  orderly  symmetrical  characteristics  of  a  country  where  the 
scenery  is  dne  entirely  to  the  action  of  subaerial  agents  and  the 
varying  resistance  of  level  or  little  disturbed  stratified  rocksL 

On  the  other  hand  where  stratified  rocks  have  been  subjected  to 
plications  and  fractures,  their  characteristic  features  may  be  gradu- 
ally almost  lost  among  those  of  the  crystalline  masses  which  under 
these  circumstances  are  so  often  found  to  have  been  forced  through 
them.  The  Alps  may  be  cited  as  a  well-known  example  of  thia 
kind  of  scenery.  The  whole  geological  aspect  of  these  mountains  is 
suggestive  of  former  intense  commotion.  Yet  on  every  side  are  to 
be  seen  proofs  of  the  most  enormous  denudation.  Twisted  and 
crumpled,  the  solid  sheets  of  limestone  may  be  seen  as  it  were  to 
writhe  from  the  base  to  the  summit  of  a  mountain^  yet  they  present 
everywhere  their  truncated  ends  to  the  air,  and  from  these  ends  it  is 
easy  to  see  that  a  vast  amount  of  material  has  been  worn  away. 
Apart  altogether  from  what  mav  have  been  the  shape  of  the  ground 
immediately  after  the  upheaval  of  the  chain,  there  is  evidence  cb 
every  side  of  gigantic  denudation.  The  subaerial  forces  that  hare 
been  at  work  upon  the  Alpine  surface  ever  since  it  first  appeared 
have  dug  out  the  valleys,  sometimes  acting  in  original  depressioDB, 
sometimes  eroding  hollows  down  the  slopes.  Moreover  they  hare 
planed  down  the  flexures,  excavated  lake-basins,  scarped  the  moim- 
tain  sides  into  cliff  and  cirque^  notched  and  furrowed  the  ridges, 
splintered  the  crests  into  chasm  and  aigville,  until  no  part  of  the 
original  surface  now  remains  in  sight.  And  thus  the  Alps  remain  a 
marvellous  monument  of  stupendous  earth-throes  followed  by  a  pro- 
longed and  gigantic  denudation. 

In  massive  rocks  the  structure-lines  are  those  of  joints  aloiie, 
and  according  to  the  direction  of  the  intersecting  joints  the  trend 
and  shape  of  the  ridges  are  determined.  The  im|X)rtance  of  rock- 
joiots,  not  only  in  details  of  scenery,  but  even  in  some  of  the 
main  features  of  the  mountain  outlines  of  massive  rooks,  is  hardly 
at  first  credible.  Yet  it  is  along  these  divisional  lines  that  the  rmia 
has  filtered,  and  the  springs  have  risen,  and  the  frost  wedges  hare 
been  driven.  On  the  bare  scarps  of  a  high  mountain  whexe  the 
inner  structure  of  the  mass  is  laid  open,  the  system  of  joints  is  seen 
to  have  determined  the  lines  of  crest,  the  vertical  walls  of  cliff  and 
precipice,  the  forms  of  buttress  and  recess,  the  position  of  deft  and 
chasm,  the  outline  of  spire  and  pinnacle.  On  the  lower  slopes,  even 
under  the  tapestry  of  verdure  which  nature  delights  to  hang  when 
she  can  over  her  naked  rocks,  we  may  detect  the  same  pervading 
infiuence  of  the  joints  upon  the  forms  assumed  by  ravines  and  cxaga 
Each  kind  of  eruptive  rock  has  its  system  of  joints,  and  these  in  larg» 
measure  determine  its  own  characteristic  form  of  soenery. 
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A  few  of  the  more  important  features  of  the  land  may  be  briefly 
noticed  here  in  their  relation  to  this  branch  of  neology.  In  the 
physiography  of  any  region,  mountains  are  the  (fominant  features 
(p.  37).  A  trae  mountain  chain  consists  of  rocks  that  have  been  crum- 
pled and  pushed  up  in  the  manner  already  described.  But  ranges 
of  hills  almost  mountainous  in  their  bulk  may  be  formed  by  the 
graduad  erosion  of  yalleys  out  of  a  mass  of  original  high  ground.  In 
this  way  some  ancient  table-lauds  have  been  so  channelled  that  they 
now  consist  of  massive  rugged  hills,  either  isolated  or  connected 
along  the  flanks.  Eminences  detached  by  erosion  from  the  masses 
of  rock  whereof  they  once  formed  a  part,  have  been  termed  hiUs  of 
eireumdenudation.  Their  isolation  may  either  be  dae  to  the  action 
of  streams  working  round  them,  apart  altogether  from  geological 
structure,  or  to  their  more  resisting  constitution,  which  has  enabled 
them  to  remain  prominent  daring  the  general  degradation  of  the 
whole  surface. 

Table-lands  (p.  40)  may  sometimes  arjse  from  the  abrasion  of 
hard  rocks  and  the  production  of  a  level  plain  by  the  action  of  the 
sea,  or  rather  of  that  action  combined  with  the  previous  degradation 
of  the  land  by  subaerial  waste  (p.  451).  Such  a  form  of  surface  may 
be  termed  a  TahMand  of  Denudation.  Notable  examples  are  to  be 
seen  in  the  extensive  **  ijelds"  or  elevated  plateaux  of  Scandinavia, 
many  of  which,  rising  above  the  snow-lme,  form  the  gathering 
ground  for  the  glaciers  that  descend  almost  to  the  sea-level. 
Fragments  of  a  similar  table-land  may  be  recognized  among  the 
Grampian  Mountains  of  Scotland.  But  most  of  the  great  table-lands 
of  the  globe  seem  to  be  platforms  of  little-disturbed  strata,  either 
sedimentary  or  volcanic,  which  have  been  upraised  bodily  to  a  con- 
siderable elevation.  These  may  be  termed  Table-lands  of  Deposit. 
But  whatsoever  its  mode  of  origin,  the  plateau  undergoes  a  gradual 
transformation  under  continued  denudation.  No  sooner  ara  the 
rocks  raised  above  the  sea  than  they  are  attacked  by  running  water, 
and  be^n  to  be  hollowed  out  into  systems  of  valleys.  As  the  valleys 
sink,  the  platforms  between  them  grow  into  narrower  and  more 
definite  ridges,  until  eventually  the  level  table-land  is  converted 
into  a  complicated  network  of  hilb  and  valleys,  wherein,  neverthe- 
less, the  key  to  the  whole  arrangement  is  furnished  by  a  knowledge 
of  the  disposition  and  effects  of  the  flow  of  water.  The  examples 
of  this  process  brought  to  light  in  Colorado,  Wyoming,  Nevada, 
and  the  other  western  Territories,  by  Newberry,  King,  Hayden, 
Powell,  Gilbert,  Dutton,  and  other  explorers,  are  among  the  most 
striking  monuments  of  geological  operations  in  the  world.  The 
erosion  of  the  ancient  table-lands  of  Scandinavia  and  Scotland,  and 
their  conversion  into  systems  of  hilly  ridges  and  valleys,  convey  less 
impressive  but  still  instructive  complete  evidence  of  the  eflScacy  of 
subaerial  waste. 

Watersheds  are  of  conrse  at  first  determined  by  the  form  of 
the  earliest  terrestrial  surface.    But  they  are  less  permanent  than  the 
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wateFoonnes  that  di?erge  fix>m  them.  Where  a  watershed  lies 
symmetrically  along  the  centre  of  a  cotmtry  or  continent  with  on 
either  side  an  eqnal  declivity  and  ndnfEdl,  and  an  identity  <rf  geo- 
logical stractnre,  it  will  be  permanent^  because  the  erosion  on  each 
slope  proceeds  at  the  same  rate.  Bat  snch  a  combination  of  <mcom- 
stances  can  happen  rarely,  saye  on  a  small  and  local  scale.  As  a 
rule  watersheds  lie  on  one  side  of  the  centre  of  a  coontry  cat  con- 
tinenty  and  the  declirity  is  steeper  on  the  side  nearest  the  sea.  H^oce, 
apart  from  any  influence  from  difference  of  geological  straetnr^  the 
tendency  of  erosion,  by  wearing  the  steep  slope  more  tiian  the  gentle 
one,  is  to  carry  the  watershed  backward  nearer  to  the  trae  centre  of 
the  region,  especially  at  the  heads  of  Talleys.  Of  course  this  is  an 
extremely  slow  process ;  but  it  must  be  admitted  to  be  one  of  real 
efScacy  in  the  vast  periods  during  which  denudation  has  continued. 
Excellent  illustration  of  its  progress,  as  well  as  of  many  other  features 
of  land-sculpture,  may  often  be  instructiTely  studied  on  clay  hankB 
exposed  to  the  influence  of  rain.^ 

The  crests  of  mountains  are  watersheds  of  the  sharpest  type 
where  erosion  has  worked  backward  upon  a  steep  slope  on  either 
side.  Their  forms  are  mainly  dependent  upon  stracture,  and  espe- 
cially upon  systems  of  joints.  It  will  often  be  observed  that  the 
general  trend  of  a  crest  coincides  with  that  of  one  set  of  joints,  and 
that  the  bastions,  recesses,  and  peaks  have  been  determined  by  the 
intersection  of  another  set.  If  the  rock  is  uniform  in  structure  and 
the  declivity  equal  in  angle  on  either  side,  a  crest  may  retain  its 
position,  but  as  one  side  is  usually  considerably  steeper  than  the 
other,  the  crest  advances  at  the  expense  of  the  top  of  the  gentler 
declivity.  But  under  any  circumstances  it  is  continually  lowered  in 
level,  for  it  may  be  regarded  as  the  part  of  a  mountain  where  the 
rate  of  subaeriu  denudation  reaches  a  maximum.  An  ordinary  cliff 
is  attacked  only  in  front,  but  a  crest  has  two  fronts  and  is  farther 
splintered  along  its  summit.  Nowhere  can  the  guiding  influence  of 
geological  structure  be  more  conspicuously  seen  than  in  the  array  of 
spires,  buttresses,  gullies,  and  other  striking  outlines  which  a 
mountain  crest  assumes. 

Valleys  are  mainly  due  to  erosion,  guided  either  by  original  de- 
pressions of  the  ground,  or  by  geological  structure,  or  by  both.  Their 
contours  depend  partly  on  the  structure  and  composition  of  the  rocks, 
and  partly  on  the  relative  potency  of  the  different  denuding  agents. 
Where  the  influence  of  air,  rain,  frost,  and  general  subaerial  weather- 
ing has  been  slight,  and  the  streams,  supplied  from  distant  sonrcefl^ 
have  had  sufficient  declivity,  deep,  narrow,  precipitous  ravines  or 
gorges  have  been  excavated.  The  canons  of  the  Colorado  are  a 
magDificent  example  of  this  result  (Fig.  435).  Where,  on  the  otiier 
hand,  ordinary  atmospheric  action  has  been  more  rapid,  the  sides  of 
the  river  channels  have  been  attacked,  and  open  sloping  glens  and 

8ee  on  this  subject  Mr.  Gilbert's  suggestive  remarks  in  the  essay  on  **LaQd- 
ure"  olready  cited  (p.  920). 
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Yalleys  have  been  hollowed  out.  A  gorge  or  defile  is  usaally  due  to 
the  action  of  a  waterfall,  which,  beginning  with  some  abrupt  aedivity 
or  precipice  in  the  course  of  the  river  when  it  first  commenced  to 
flow,  or  caused  by  some  hard  rock  crossing  the  channel,  has  eaten  its 
way  backward,  as  already  explained  (p.  375). 

A  pass  is  a  portion  of  a  watershed  which  has  been  cut  down  by 
the  erosion  of  two  valleys,  the  heads  of  which  adjoin  on  opposite 
sides  of  a  ridge.  Each  valley  is  cut  backward  until  the  intervening 
ridge  is  demoUshed.  Most  passes  no  doubt  lie  in  original  but  subse- 
quently deepened  depressions  between  adjoining  mountains.  The 
continued  degradation  of  a  crest  may  obviously  give  rise  to  a  pass. 

Lakes  may  have  been  formed  in  several  ways.  1.  By  subter- 
ranean movements,  as,  for  example,  in  mountain-making  and  in 
volcanic  explosions.  The  subsidence  of  the  central  part  of  a  mountain 
system  might  conceivably  depress  the  heads  of  the  valleys  below  the 
level  of  portions  farther  from  the  sources  of  the  streams.  Or  the 
elevation  of  the  lower  parts  of  the  valleys  might  cause  an  accumula- 
tion of  water  in  their  upper  parts.  Or  each  lake-basin  might  be 
supposed  to  be  due  to  a  special  subsidence.  But  these  hollows, 
unless  continually  deepened  by  subsequent  movements  of  a  similar 
nature,  would  be  filled  up  by  the  sediment  continually  washed  into 
them  from  the  adjoioing  slopes.  The  numerous  lakes  in  such  a 
mountain  system  as  the  Alps  cannot  be  due  merely  to  subterranean 
movements,  unless  we  suppose  the  upheaval  of  the  mountains  to  have 
been  quite  recent,  or  that  subsidence  must  take  place  continuously 
or  periodically  below  each  independent  basin.  But  there  is  evidence 
that  the  Alpine  uplift  is  not  of  such  recent  date,  while  the  idea  of 
perpetuating  lakes  by  continued  local  subsidence  would  demand,  not 
in  the  Alps  merely,  but  all  over  the  northern  hemisphere,  where 
lakes  are  so  abundant,  an  amount  of  subterranean  movement  of 
which,  if  it  really  existed,  there  would  assuredly  be  plenty  of  other 
evidence.  2.  By  irregularities  in  the  deposition  of  superficial 
accumulations  prior  to  the  elevation  of  the  land,  or,  in  the  northern 
parts  of  Europe  and  America,  during  the  disappearance  of  the  ice* 
sheet.  The  namerous  tarns  and  lakes  enclosed  within  mounds  and 
ridges  of  drift-clay  and  gravel  are  examples.  3.  By  the  accumula- 
tion of  a  barrier  across  the  channel  of  a  stream  and  the  consequent 
ponding  back  of  the  water.  This  may  be  done,  for  instance,  by  a 
landslip,  by  a  lava  stream,  by  the  advance  of  a  glacier  across  a 
valley,  or  by  the  throwing  up  of  a  bank  by  the  sea  across  the  mouth 
of  a  river.  4.  By  erosion.  The  only  agent  capable  of  excavating 
hollows  out  of  the  solid  rock  such  as  might  form  lake«basins  is 
glacier-ice  (p.  416).  It  is  a  remarkable  fact,  of  which  the  signifi- 
cance may  now  be  seen,  that  the  innumerable  lake  basins  of  the 
northern  hemisphere  lie  on  surfaces  of  intensely  ice-worn  rock.  The 
strife  can  be  seen  on  the  smoother  rock-surfaces  slipping  into  the 
water  on  all  sides.  These  striae  were  produced  by  ice  moving  over 
the  rock.    If  the  ice  could,  as  the  striae  prove,  descend  into  the 
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lodc-bMui  and  mooiit  up  the  fiatber  side,  smoolliiiig  and  stnalii^ 
the  loek  as  it  west^  it  conid,  to  a  certain  depth  at  leasts  erode 


In  the  genenl  sabamal  denudation  of  a  country,  innnmeraUe 
minor  iieatnies  are  worked  oat  aa  the  stmctnre  <^  the  rocks  controls 
the  operations  of  the  eroding  acoits.  Thns,  among  nndisturbed  or 
gentlj  inclined  strata,  a  hard  bed  resting  npon  others  of  a  sofio' kind 
is  apt  to  foarm  akmg  its  ooterop  a  line  of  cliff  or  escarpment. 
Tboo^  a  long  range  of  soch  dim  resembles  a  coast  that  has  be^i 
worn  by  the  sea,  it  maj  be  mtirely  doe  to  mere  atmospheric  waste. 
Again,  the  more  resisting  portions  of  a  rock  may  be  Been  projecting 
as  crags  or  knoUs.  An  igneoos  mass  will  stand  ont  as  a  bold  hifi 
from  amidst  the  mote  decomposaUe  strata  throogh  which  it  has 
risen.  These  features,  often  so  marked  on  the  lower  gronnds,  attain 
their  most  conspicaons  derelopment  among  the  higher  and  barer 
parts  of  the  mountains,  wh^e  subaerial  disbtegration  is  most  ra^id. 
The  torrents  tear  oot  deq>  gollies  from  the  sides  of  the  dediTities. 
Corries  or  cirques,  if  not  origioally  scooped  out  by  converging 
str^tmlets  (their  mode  of  formation  is  a  somewhat  difficult  problem^ 
are  at  least  enlarged  by  this  action,  and  their  naked  precipices  are 
kept  bare  and  steep  by  the  wedging  off  of  snocessiYe  slices  of  rock 
along  lines  of  joint.  Harder  bands  of  rock  project  as  massive  ribs 
down  the  slopes,  shoot  up  into  prominent  pesdra,  or,  with  the  com- 
bmed  influence  of  ioints  and  fictults,  give  to  the  summits  the  notched 
saw-like  outlines  they  so  often  present. 

The  materials  worn  from  the  sur&ce  of  the  higher  are  spread 
out  over  the  lower  grounds.  We  have  already  traced  how  streams  at 
mice  bqgin  to  drop  their  freight  of  sediment  when,  by  the  lessening 
of  their  dedirity,  their  carrying  power  is  diminished  (pp.  367,  382^ 
The  great  plains  of  the  earai's  surrace  are  due  to  this  deposit  ^ 
grayel,  sand,  and  loam.  Tbey  are  thus  monuments  at  once  of  the 
destruciiYe  and  reproductiTe  processes  which  have  been  in  progress 
unceasingly  since  the  first  lana  rose  abo?e  the  sea  and  the  first  shower 
of  rain  fdL  Every  pebble  and  particle  of  the  soil  of  the  plains,  once 
a  portion  of  the  distaot  moontams,  has  travelled  slowly  and  fitfully 
downward.  Again  and  again  haye  these  materials  been  shifted,  ever 
moving  seawara.  For  centuries,  perhaps,  they  have  taken  their 
share  in  the  fertility  of  the  plains  and  have  ministered  to  the 
nurture  of  flower  and  tree,  of  the  bird  of  the  air,  the  beast  of  the 
field,  and  of  man  himself.  But  their  destiny  is  still  the  great  ooeao. 
In  that  bourne  alone  can  they  find  undisturbed  repose,  and  there^ 
slowly  accumulating  in  massive  beds,  they  will  remain  until,  in  the 
course  of  ages,  renewed  upheaval  shall  raise  them  into  future  land, 
and  thereby  enable  them  once  more  to  pass  through  a  similar  cycle 
of  change. 


THE  END. 
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AaoheniaD,  825 

Aar  glacier,  418  - 

Abynnal  deposits,  439,  469;  no  traoe  of, 

in  earth's  cmst,  911 
Abyssinia,  basaltic  plateau  of,  258 
AeaeiafSe2 
Acadian  rocks,  660 
Aeanthooeras  {Ammonites)^  808  * 
AeanthoetadiOt  753 
Aeanihodes,  709^,  710,  741,  757 
AeanthophoUs,809 
Accessory  minerals,  61 
Acer,  803,  839,  859, 862, 871  (see  Maple) 
Aoerotherium,  877 
Acervutaria^  664,  677*,  696 
Adeularia,  6iS 

Add,  treatment  of  rooks  with,  191 
Add  rocks,  58, 130 
Aeidaspis,664^665^ 
Acotherulum,  856 
Aeroculia,  665,  700 
AcroduSy  763,  775 
Acrosdlenia,  77S 
Acrostichitest  761 
Aerotreta^  665 
AetsBonina,  193 
AcUnads^  804 
Aetinoceras^  676 
Aetinocrinusj  664 
Aetinodon^  754 
Actinolite-schist,  121 
AcHnophyUum,  682 
Adapis^S66 

Adelsberg,  cayems  of,  355 
Adige  Biyer,  alluTinm  of  the,  882,  390 
Adour  BiTcr.  change  of  mouth  of,  323 
Adriatic,  filling  up  of,  390 
Jichmodus^  775 

,  665*,  667 

r  {Ammonites),  786,  787*,  788  ♦ 

Ie,856 

iSolian  d£posits,  155,  822,  324 
Aerolites,  7 
JEtites,  175 
JBtobaUs,6iO 


Africa,  average  hdght  of,  36;  coast  line, 
41 ;  daily  range  of  temperature  in  equa- 
torial, 319;  sand  erodon  in,  320 ;  deserts 
of,  325;  dust  doud  from,  326;  sand 
rivers  o^  369 

Agaihaumas,  S3I2 

Age  as  a  basis  of  rock-dassificatlon,  109, 
146,149 

Agglomerated  structure^  87, 163 

Aggregation,  state  of;  in  rocks,  91 

AgiaspiSf  660 

Aanostus,  649*,  651,  664 

Alirien,702 

Air,  see  Atmosphere 

Aix-la-Chapdle,  mineral  waters  of,  3ol ; 
Cretaceous  flora  of,  626,  803,  82S 

Alaska,  Yolcanio  island,  S^ 

AlbeHia,  761 

Albian,  825,  828 

Albite,  72 

Alder,  early  forms  of,  860,  871 

AUUhopteris,  726,  727*,  756,  772,  786,  817 

Algss,  action  of  calcareous,  456, 462 

Algiers,  artesian  wells  of,  346 

Alkaline  Carbonates,  action  ol,  302,  348, 
454 

Alkaline  deposits  on  soil,  327;  in  lakes, 
395 

Allen,  Bog  oC  460 

AUorisma,  753 

Alluvial  dividon  of  Poet-Tertiaiy  series, 
883 

Alluvium,  at  foot  of  mountain  dopes,  380  ; 
on  river-beds,  381;  on  river-banks  and 
flood-plains,  382;  in  lakes,  385,  893; 
in  maritime  bars  and  lagoons,  385 ;  at 
river  mouths  in  the  sea,  388 

Almonds,  early  forms  of,  838 

Alnus,  803,  859 

Alpine  type  of  mountain  structure,  9l6, 
923 

Alps,  relative  bulk  of,  36;  grouping  of, 
38;  horizontal  compression  of  plicated 
rocks  in,  314, 519 ;  earth  pillars  of;  341 ; 
snow-line  in,  403 ;  glaciers  of,  404, 406, 
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409,  410.  414,  415,  41S,  887;  enatio 
blodn  firom,  418;  eflwito  of  catting 
foresti  among,  457;  inferakms  of;  51^ 
916 :  faik-6tu£ed  stroctnre  in,  519,  917 ; 
orampled  rooks  U,  520,  916;  geolpgioal 
Btmotnre  oC  918 

Alpf  {eonHimed%  AidiiMn  rooks  of,  645; 
SUorisn  (gTOTwaokB  sone),  691;  Do- 
vonian,  703;  Permian, 757;  Triaa,  760, 
761, 768 ;  Joiaasio,  800 ;  Oetsoeons,  829 : 
£ooene,851;  Oligoceoe,  860;  Miooene, 
862;  Pleistooene  phenomena  in,  833; 
887,898 

Alteration  of  rocks  by  weathering,  333; 
by  nnderground  water,  351 

AlQm-date,123,126,741 

Alomina,  oconrrenoe  of;  in  earth's  cmst, 
58,67:  in riTer  water, 365 

AlveoUna,  847 

^i/veolitof,  678,  696 

AmaUhemi  (AmmtmUe$\  786,  787*,  788^ 
793* 

Amaion,alla?inmofthe,383;  seacoloitred 
br,  391, 435 

Amber-beds  of  Konigsberg,  860 

AwMnteru$t757 

Ambvifekia,  665,  669*,  679* 

Amerioan  Oontinent,  average  hdgbt  of, 
36;  plains  (^  41;  mountains,  36;  pla- 
teaux, 40, 922 ;  ooasi4ine,  41 

America,  North.  ge(dogioal  history  of,  919; 
basalt  plains  oC  256,  565,  919;  dry 
climate  of  Western,  319,  320,  325; 
sandr  deserts  of;  825;  deep  rook- 
weathering,  838 ;  river  drainage  of,  361 ; 
alluTial  &ns  of,  381 ;  river  and  lake- 
tenaees  of,  383,  900;  oafions  of,  378, 
922 ;  lagoonson  coast  of,  387 ;  abmidant 
lakes  of,  391 ;  frosen  rivers  and  lakes  of; 
401 ;  moantain-stmctare  in,  914, 919 

— ^      •'  ,  ArohAan  rooks  of,  638, 

645;  C>unbrian,659;  Silurian, 661, 692 ; 
Devonian,  704;  Old  Red  Sandstone, 
718;  Carboniferous,  749,  758;  Per- 
mian, 758;  Trias,  769;  Jumssic,  800; 
Cretaceous,  810,  831;  Tertisry,  842, 
853;  Eocene,  853;  Miocene,  869;  Plio- 
cene, 880;  gelation,  884, 899;  terrace- 
deposits,  900 ;  prehistorio  deposits,  909 ; 
recent  volcanic  action  in,  208,  209,  211, 
212, 216,  217,  233.  256,  260,  565,  919 

America,  South,  uprise  of,  276-280 ;  snow- 
line in,  403 ;  volcanoes  of,  208, 211, 212, 
21^  217,  233,  247;  SUurian  rocks  in, 
693 

Ammoniif*,  768.  774, 786, 787*,  788»,  789*, 
791*,  793*.  808* 

Ammonites  as  type-fbssils,  615 

AfmofT^oipongiOj  823 

Ampeiidc  (carbonaceous),  691 

AmphibM,  fossil,  733,  753,  763 

Amphibole,  74 

AmphiboUte,  121 

Ampkibo9,  880 


ilMjiJUMoa,  841,  861,869 

AmphiSrmnut,  857 

AmplUUtie$.7S3 

Ampkiwioyx,  856 

AmpkioHjeSi 

AmphipM$^7lS 

Amphi$pongia^G(]S 

Ampkmtnrmm,78S 

AmpkUragtiiMB,  841 

^flipIexKf,  722 

.Is^ysB,  6^  665* 

Amygdaloidal  structure,  62,  89 

JfliygvialMS,  846 

Amygdules,  89 

Analcime  formed  in  shale  near  an  intrusive 
dyke,  578 

Anamedte,  148 

AmamckfUi,  801,  805* 

Anatase,  artificial  formatioa  U,  802 

Jiiaft/onra,  664 

JbiefcOo^iUt,  856 

AnckUkerium,  841,  861.  tfSS,  869 

Anohor-ioe,  111,  402, 425 

^adkiira,  833 

^iictl{arMB,856,857,862 

iiacyJkKsenu,  807,  809* 

Ancylocerss  Beds,  816 

Aneylotkeriwm^  878 

Anoalusite,  79 

Andalusite-sohist,  579, 580 

Andes,  snow-line  of  the,  403 ;  volcanoes 
of,  208,  211,  212,  216,  217.  233,  247 

Andesine,  72 

Andesite  (Hornblende),  144;  (Augite),  147 

^fi^*iia,655 

Angiosperms,  earliest  forms  of,  803 

Anhydrite,  84, 115  :  converted  to  gypaum 
by  hvdration,  3:^ 

Animals,  geological  action  of;  454;  de- 
structive infloenoe  of,  454 ;  oonservative 
influence  of,  456;  reproductive  influ- 
ence of,  463;  oahaireous  formations  oi; 
463;  siliceous  formations  of,  469;  chanoea 
against  the  preservation  of  the  remains 
of  terrestrial,  611 ;  evolution  of;  625 

Anisotropic  crystals,  100, 189 

Annelides,  fossU,  649,  650, 657,  664,  722 : 
value  of  in  palisontdfegical  geology,  611 

Annmlarioy  726,  728« 

^ttodonto,  717 

^Momto,  851 

AnomopUris^  760 

JaonMuoMtiet,  772,  828 

AnopUfihenmm,  855*,  856 ;  value  o^  as  a 
type  fossil,  616 

iinopoleims.  651 

Anorthite,  72 

Anarthomfgui,  926 

Antarotic  climate,  26;  glaciers,  407,  426 ; 
Coean,  diatmn  ooce  of,  461 

Antkolite^  731* 

Anthracite,  172;  fbimed  flrom  ordinary 
coal  by  alteration,  906 

Anthradte-sh&te,  123 
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Anibnciiio  (Silurian)  shalea,  661,  671 

Antkrtieomya,  732 

AnUiraeoptera,  732  ' 

Anthraooeaurus,  733 

AtUhraeotia^  720, 732 

Anthraeotherium,  856,  869 ;  as  a  type  fosml, 

616 
AfUhrapaUcmon,  724,  725» 
AndcUne,  517,  914 
AfUOope,  864,  872 
Antipams,  ffrotto  of,  355 
Antwerp,  Black  Crag  of,  865,  876 
Anversien  (Pliocene),  876 
Apatite,  84 ;  detection  of,  193 
Apatomis,  812 
Apatosaurus,  801 

Apes,  early  forms  of,  864,  868,  872 
Apbanite,  143 
Aphanitic  stmctiire,  88 
Apioerintu,  773 
AporrhatMj  806,  844 
Appalachian  coal-field,  517;  moimtains, 

nexnreB  of,  914 
Aptien,  824 
Aptychopni,  664 
AptffchuBy  SOO 
Ap^chus  Beda^  800,  830 
Aqneons  rocks,  108 
Aqnitanian  stage,  860,  861 
Amohnids,  early  forms  of,  724,  732 
Aragonite,  83,  106;  converted  to  coloite  by 

high  temperature,  352 ;  occurrence  of  in 

invertebrates,  608 
And,  Sea  of;  397 
^nOeo,  849 
Aralo-Oaspian  depression,  285,  236,  824, 

396,  397,  898 
Ararat,  volcanic  breccia  o(  206;  structure 

of,  243 ;  fulgurites  of,  819 
AraucariOj  772 
Araucarioxylon,  730, 768 
ArauoarUe9.  757,  792 
Arbroath  Flags,  711,  713 
Area,  753,  793,  818,  847,  860,  862»,  896 
Arcede$,763 
Archiean  rocks,  588,  637 
ArchxoeidariB,  722 
ArchxocyalhuB,  663 
Arcluwpteryx,  781,  783* 
Archegotaunu^  757 
Archimedet,  750 
Arehimnilaeriiy  782 
Archtului,  732 

Arctic  plants  in  glacial  deposits,  884 
Arctic  regions,  ancient  floras  of,  15, 8C8 ; 

uprise  of  land  in,  279,  280;  effects  of 

frost  in,  401 :  ice  of,  404,  416,  417, 424, 

425 ;  ancient  luxuriant  floras  of,  15, 868 ; 

Old  Red  Sandstone  of,  717;  Cretaceous. 

831,832;  Tertiary,  868 
AretooephaluB^  881 
ilr<oe|^ofi,  840 
Ardoise,  121 
Ardwell  Group,  671 


Arenieolite$,  650* 

Arenig  Group,  667 

Argillaceous,  90 

Argillaceous-aohist,  121 

Argillite,  121 

Argilhmii,  840 

Aigovien,  797 

Arietites  {AmmonUe$)j  786,  787* 

ArioneUuSt  659 

ArUiozoe,  664 

Arkoae,  159 

Armorican  Sandstone,  601 

Artesian  wells,  346 

ArthrophycuB,  662 

Arihropitus,  733,  752 

Arihrottigma,  708 

Arve,  slope  of,  363 

Arvicola  (vole),  875 

Arvonian  rocWs,  643 

A8aphu$,  655,  664,  665* 

Ascension,  bombs  of,  206 

ilsoooercM,  666 

Ash-tree,  early  forms  of,  829 

Ashdown  Sand,  817 

Asia,  never  nnited  to  Australia,  35 ;  aver- 
age height  of,  36;  coast-line  of,  41; 
diaily  range  of  temperature  in  Central, 
819;  dust  drift  of,  322;  sandy  deserts 
of,  325;  defrock- weathering  in,  338; 
tundras  of,  ^ 

,  Arohnan  gneiss  of,  646 ;    Silurian 

rocks,  692;  C&rboniferons,  749;  Trias, 
770 ;  Jurassic  801 ;  Cretaceous,  831 ; 
Tertiary,  852,  869;  Post-Tertiary,  901 

Asphalt,  173 ;  in  eruptive  rocks,  576 

Aspidoeeroi  (Ammanitet),  784,  793* 

A$pidorhynehu9,  800 

Atplenites,  767 

Asplenium,  803,  838 

Assise,  defined,  635 

Aitarte,  774, 778*,  819, 844, 855,  873,  874», 
896 

Astartian  Group,  795,  797 

AsteracanthuB,  794 

AsteroUpU,  710 

AderophyUitet,  726,  728*,  752 

Astian  (Pliocene),  878 

Adrmospongia,  663 

Astrocienia,  789 

Astronomy  and  Geology,  6 

Aetropeeten,  696,  797 

Attylo$pongia,  663 

Atchafalaya,  rafts  of  the,  368 

Atherfield  Clay,  818 

Atlantic  Ocean,  mean  depth  of,  32 ;  vol- 
canic detritus  on  bottom  of,  254,  450; 
tides  of;  418 ;  distribution  of  tempera- 
ture in,  420 ;  height  of  waves  in,  422 ; 
warm  and  cold  currents  of,  426 ;  gravel 
on  bottom  of,  435 ;  floating  ice  of,  436 

AUantotawmy  779 

Atmosphere,  currents  of,  13;  height  of, 
30;  composition  of;  30;  pressure  of; 
317 ;  influence  of  proesuro  of  on  volcanic 
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eniptioDB,  210;  morenMiitB  of,  317; 
geological  action  of;  317;  influence  of 
on  water,  327;  washed  by  rain,  330; 
transfonnationB  from  into  the  mineral 
world,  i52;  co-opeiation  of  in  marine 
ero8ioii,428 

AikyriM,  096, 723 

Atol8,466 

Atrypa,  665,  669*.  696 

Auekeiuupii,  683,  710 

Angite,  75, 99, 100 

Angite-porphjrry,  145 

ilidaooptmi,  784 

AulcpkyUum,  722 

An8toalia»  coatt-line  of,  41 ;  sand-wastes  of, 
825;  sandy  deserts  of,  823;  barrier 
coral-reef  of,  464 

-»— ,  Arohnan  rooks  of,  646;  Silurian, 
693;  Gaiboniferous,  749;  Trias,  771; 
Jmassic,  801;  Cretaceous,  832;  Ter- 
tiary, 881 

Austria,  Arcbnan  rocks  of,  6i5;  Cam- 
brian, 659;  Silurian,  689;  Devonian, 
703;  Carboniferous,  748;  Permian, 
757;  Trias,  768;  Jurassic,  800;  Cre- 
taceous, 829;  Eocene,  851;  Neogene 
(Oligooene  and  later  Tertiary),  861; 
Miocene,  866  ;  Pliocene,  876 

AuTergne,  yolcanoea  of;  209, 222, 230, 244, 
245,  255,  861;  Tertiary  lakes  of;  394; 
Oligoceme  deposits  of,  861;  Miocene, 
876 

Avalanches,  369,  403,  457 

Avieula,  753,  762,  766».  774,  847 

Avieula  ooniorta  sone,  621,  767 

Avieuiopecten,  697, 721,  723* 

••Backs  and  Cutten^"  502 

Bacerifoi,  698 

BaouUtes,  807,  808* 

•*  Bad  Lands  **  of  western  North  America, 

343 
Bagshot  Sands.  846 
Banamfts,  consolidated  calcareous  sand  of, 

155 
Batera,828 
BaMUa,  72i 
Bajocien,  798 
£akevdUa,n2^ 
Bala  Group,  668 
BaUmopUra,  857,  875 
Baiantu,  897 

Balkash  Lake,  desiccation  round,  397 
Baltic  Sea,  anchor  ice  of,  424;  increasing 

saUnity  oC  33 
Bamboo,  fossil  niecies  of,  871 
Bandsohiefer,  578 
Bankinia,  838,  846 
BankiiOf  862 
Bannisdale  SUtes,  684 
Bamacdes  as  evidence  of  upheaval,  276 
Barometric  pressure,  317 
Barrandia,  664,  667 
Bairier  Coral  Beefs,  466,  468 


Bars  and  lagoon  bamen,  385 

Barton  Clay,  847 

Barytes,84 

Basalt,  described,  147.  148;  affinity  with 

melaphyre^   146 ;    mioroliths    in*  701  : 

liquidity  o^  224;   altered    by  eootect 

with  coaL  576;  weathering  ol,  76,  178, 

335 
Basalt-plateaux    of  N.W.    Europe,    238, 

858;  of  western  Ncnth  Amprvm,   2j^ 

565  919 
*•  Basaltic"  structure,  506 
Basic  rocks,  58, 130 
Basset  or  Outcrop,  511 
Bastite,76 

Bat,  early  forms  of,  841 
Bath,  mineral  waters  of;  351,  355 
Bath  Oolitea  (Bathooiau),  790 
Bavaria^Eoaoon  ot,  639 ;  Archsean  rocks, 

645;  Triassic,  768 ;  Jurassic,  800;  Cra- 

isceous,  814,  829;  Eocene,  852 
Beach,  formation  of  a,  278, 419, 437 
Beaches,  ancient,  486;  493 
Besohee,  raised,  277, 893,  900 
Seafita,772 

Bear,  fossil,  864,  869,  872,  875,  898,  908 
Bear  Island,  Oki  Bed  Sandstone  of;  717 
Beaver,  fossil.  864,  868,  869,  974.  898; 

geological  action  of,  455 
Beddmg  of  rocka^  88,474  (sae  Stiatifiai. 

tion) 
Beech,  fossil  forms  of,  804,  838,  8G6 
Beetka,  fossil,  732, 798, 868 
BelemniUUa,  807,  810* 
**  BelemniteUa province**  of  the  Cretaoeuvs 

rocks,  814 
Belemmtu,  774, 780* 
Belgium,  Cambrian  rocks  oC  658 ;  Silurian, 

^0;    Devonian,    701;    OsrfoociifaroaB, 

745;    Cretaceous,   824;    Eocene,    847; 

01igocen^  859;  Miocene,  865;  PlioosM^ 

876;  Pleistocene, 898 
Beigrandia,  S75 
BeUnuru$y  717 

BeOerophoH,  661»,  666,  667*.  697,  724 
B02ocl(m,763 
Belonites,  101 
Bdopteray94!S 
BeloMptd,  840 
BelofeafAit,  774 
Belvedere-schotter  (Pliocene   of  Vieoaa 

basinX877 
Bembridge  Beds,  856 
Beryx^SOl 
B€Uongia,8Sl 
BeftOo,  860,  862,  884.  885* 
Be^ickia,  664, 724, 732 
Bimstein,142 
Biotite,  74 
Birch,  early  forms  of,  860,  868,  868,  871, 

877 
Bird-like  aJBnitiea  among   reptiles,   76S, 

789,  801,  840 
Birds,    relative    value    of   fb«al,    611; 
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earliest  ti«oe8  of;  763,  780,  781,  783*, 
811 ;  toothed,  811,  840 ;  reptilian  rela- 
tioDf  of  the  oldest,  812, 840 ;  appearance 
of  modem  types  of;  855 

Birdseye  Limestone,  692 

Bisoay,  progress  of  dmes  along  Bay  of, 
S24 

Biion,  880 ;  geological  action  of,  457 

Bitter  lakes,  395,  400 

Bitter  spar,  83 

Black,  as  a  colour  of  rocks,  92 

Black-band  ironstone,  175 

Blackdown  Beds,  820 

Black  Biver  limestone,  692 

Black  Bea,  delta-growth  in,  390 

Black  soils  of  India  and  Bussia,  458 

Blackthorn,  fossil,  875 

Blastoids,  722 

Bleaching  of  rooks  by  enipti?e  masses, 
572 

Blood-min,  3&5 

Blow-holes  formed  by  the  sea,  429 

Blown  sand,  155 

Blowpipe  a^ysis,  nse  of  in  geological 
research,  194 

Bog-bean,  fossil,  875 

Bcff-iron  ore,  174;  agency  of  plants  in 
formation  of,  462 

Bog-myrtle,  early  forms  of;  803 

Bc^or  Beds,  845 

Bogs,  formation  of;  458 ;  bursting  of;  460 
(fee  Peat^ 

Bohemia,  (uraina^  of;  361 ;  mineral  mat- 
ter removed  m  solution  from,  366; 
Silurian  basin,  622;  Silurian  colonies, 
627;  £o9EOon,639;  Arohsoan  rocks, 645 ; 
Cambrian,  659;  Silurian,  666,  689; 
Coal-fields,  748 ;  Cretaceous  rocks,  802, 
829 ;  IMiary  volcanoes,  25 

Bolderian  Beds,  859 

Bolonian  group,  797 

Bombs,  volcanic,  162,  206,  566 

Bone-beds,  169;  of  Ludlow  Book,  666, 
681 :  of  Bhsotio  group,  767 

Bone-broooia,  169 

Bone-caves,  605 

BareUe,  852 

Bores  of  rivers,  419 

Borings,  evidence  f^m  as  to  earth's  in- 
ternal heat,  46 

Boring  shells,  455 

jBomM»,735 

Boron,  influence  of  in  sublimation,  293; 

in  the  crystalliiation  of  granite,  802 
Boi,875 

Bosses,  eruptive,  539, 545 
BothrioUpie^  706 

Bottom-ice  (tee  Anchor-ice) 

Bouldernday,  161,  411,  417,  888,  894; 
marine  shells  in,  894 ;  inter-glacial  beds 
in,  890 ;  contortion  of  rocks  under,  510, 
891 

Boulonnais,  Devonian  rocks  o^  703 

Bourbon,  Isle  of,  242 


BourgueiierinuSy  805 

Bovey  Tracy,  leaf-beds  of,  857 

Braohenx,  Sables  de,  848 

Brochiopods,  maximum  development  of, 
696 

Brcushymetopus,  724 

BrachwphifUumf  772 

Bracklesham  Beds,  846 

Bradford  Clay,  792 

Brabmapu^  delta  of,  390 

Bramatheriumj  872 

BranehioecmruSf  754 

Brandschiefer,  172 

Breakers,  422,  428 

Breaks  in  succession  of  oiganlc  remains, 
621,  632 

Breccia,  157 

Brecciated  Conglomerate,  157 

Brecciated  structure,  87 

Brenta,  alluvium  of  the^  382 

Breyniay  869 

Brick,  formation  of  zeolites  in,  by  mineral 
water,  300,  353 

Brick-day.  160 

Brick-earth,  154;  formation  of,  340;  of 
Paliaolithio  age,  904 

Bridser  Group,  853 

Bridfington  Ciag;  895,  896 

Brienz,  alluvium  in  Lake  of;  385 

Brine-springs,  350 

Britain,  fragments  of  ancient  table-land  in, 
40,  924;  submarine  plateau  of,  450; 
Qords  or  sea-lochs,  283;  dunes,  324; 
ratio  between  rainfall  and  river  dis- 
charge, 361;  velocity  of  rivers,  364; 
river  terraces,  883 ;  subaerial  denudation 
o(  445;  peat-mosses  or  bogs  of,  460; 
landslips  of,  357;  marl-lakes  of,  394; 
tidal  currents  of,  420 ;  height  of  waves 
around,  422 ;  force  of  breaJcers  around, 
422,  428,  429;  sea-clifis  of;  430,  432, 
433,434 

-»—  Archiean  rocks  of,  640;  Cambrian, 
652;  Silurian,  660;  Devonian,  699; 
Old  Bed  Sandstone,  711 ;  Carboniferous, 
736 ;  Penman,  754 ;  Trias,  764 ;  Jurassic, 
784;  Cretaceous,  814;  Eocene,  843; 
Oligooene,  856;  Pliocene,  873;  Post- 
Tertiary,  883;  Glaoiation  of;  883,  894; 
PaliBolithic  and  Neolithio  deposits,  907. 

Granite  bosses,  541,  542,  544,  557; 

dolerite  bosses,  545 ;  basalt  dykes,  554 ; 
volcanic  action  in  Archsan  time,  260, 
643 ;  saurian,  662  0<mo.  ;  Old  Bed Sand- 
st<Mie,260,  560,713 ;  Carboniferous,  738  ; 
Permian,  751;  Tertiary,  258,  563  (see 
under  Volcanic);  great  &ult  in,  526; 
upheaval  of;  277,  279 ;  raised  beaches 
of,  278,  893 ;  submerged  forests,  281 ;  ex- 
amples of  metamorphism  in  0<^)> 
574.  577,  579 ;  (regional),  583 

Broclmim,  755 

Bronteus,  673,  696,  697* 

BrantotheriuohSGd 
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Bronze  Age  or  Period^  902 

Bronzite,  76 

Brookite,  artificiiil  formation  of,  302 

Brown,  as  a  colour  of  rocki,  92 

BroWn-coal,  170;  of  Oligooene  age,  859. 

860;  Miocene,  867 ;  recent  formation  of, 

806 
BmnBwiok,  Oretaceons  rooks  of^  828 
Bmxellien  (Syst^e),  850 
BryosEoenkalk,  829 
^u5aZti«,  880 
Bitccinumj  793,  862,  897 
Buckthorn,  fossil  species  of,  871 
Bnhrstone,  159 
Bulimus,  857 
BunuutuB^  676 
Bnnter  Sandstones,  764 
Burberg  Beds,  852 
Bnrling^n  Qronp,  750 
Burrowing  animals,  455 
ButhotrephU,  662 
Butterfly,  earliest  known,  775 
''  Buttes  "  of  western  North  America,  343 
By$8aoafUhu$,  699 
Bffihinia,  851 

Cadureoiheriumy  856 

Cainoiherium,  856 

Cainozoic,  definition  of,  886 

Oainozoic  Systems,  885 

Caithness  Flags,  711, 714 

Calamites,  715,  726, 752 

Calamodadua,  726 

Calamodendrony  726,  752 

Calcaire  groesier,  849,  850 

Oalo-aphimite,  145 

Osloareous  composition,  defined,  90 

Grit  (Yorkshire),  794 

Tufa,  112 

Oalcedony,  65 ;  fibrous  structure  of,  354 

Caleeola,  695,  698* 

Calciferous  Group  (SUurian),  692 

CSaloiferous  Sandstone  Group  (Girboiii- 
ferous),  737,  789 

Calcination  by  eruptive  mnssos,  574 

Caldte  (m0  Calcium  CarbonateX  82, 106; 
as  a  petrifying  medium,  610;  as  an 
index  of  the  alteration  of  rocks,  352, 
353 ;  in  invertebrates,  608 ;  more  perma- 
nent than  aragonite,  e,g.  in  fossilization, 
82, 106, 166,  609,  610 

Calcium  in  nature,  57,  59 

Calcium  Carbonate  (tee  Caloite,  Aragonite), 
59,  82,  111,  165;  detection  of  by  acids. 
192 ;  solubility  of,  349 ;  abstraction  and 
deposit  of,  350,  353.  354, 399,  400,  438, 
461,  463;  proportion  of  in  natural 
waters,  348,  349;  in  river-waters,  365, 
866;  secretion  of  by  organisms,  106; 
precipitation  of,  350,  353,  400;  useful- 
ness of  as  a  petrifying  mediiun,  352;  pre- 
cipitates gypsum,  399 ;  considered  as  a 
test  of  the  amount  of  alteration  of  rocks, 
72, 107, 192 


Calcium  Phosphatei  84, 169 

Caldnm  Sulphate,  84, 115 ;  ill  riTCf  w«kr, 
365 

Oalc-sinter,  formatioQ  <£,  354,  400.  4^1 

Caillasses  or  upper  Calcaire  Qromkat,  8M 

CaUipteridiuwi,  733, 758 

CbZlt^eem,  752 

GoOuoe,  664 

CaUograplHs^  667 

Callovian,  793 

CaJffmene,  664,  665* 

CbmareOo,  660 

CamafopAoria,  696,  753 

Cambrian  Sandstone,  contDded  ^^^Ai^Ty  jm 
479 

Cambrian  System,  647 

Cambridge  Greensand,  809, 820 

Camel,  genealogy  of;  (K25^  881 

CiMielopafdalw,  878 

CoiNeliit,  880,  881 

Campinian  Sandi,  898 

Canaida  (aee  America,  North) 

Canadian  fonnaiion,  692 

CbnoeOarto,  840,  855, 862 

Conu,  869,  875 

Cafions,  origin  d;  378,  923, 986 

Capeliiiff,fbeBl,900 

Capillarity  in  rooka  may  afleet  their  SMte- 
morphinn,299 

Ot»pm,880 

Ottprtno,  806 

Caprotina,  806,  807* 

Caprotinenkalk,  829 

Caprofrii,  875 

Carabu$,  780*,  787 

Caradoc  Group,  668 

Carbon  in  natare,  58 

Carbon  Dioxide,  or  C^aiboofe  AoU,  99,  St : 
in  the  atmosphere,  31 ;  in  aea-wmtcr,  S4 ; 
liquid  in  orystahi,  66,  96.  98.  300;  ia 
rain,  330  :  in  soil,  340,  847 :  ahatoaeierf 
from  ancient  atmoapheie  and  now  adored 
up  in  coal,  452;  escapes  froaa  cnal- 
seams,  306;  increases  sotveot  pamm  if 
water,  299,  349 

CbirlxNiaceoua  ootnpositioii  of  rocki^  90 

Carbonas,  598 

Carbonates,  82;  of  iron  (ses  Fema 
Carbonate);  of  lime  (see  Galeinai  Cai^ 
bonate) :  alkidine,  influeoee  of  ia  cImh»> 
oal  reactions  of  water,  302, 348 

Carbonie  Add  (see  Carbon  Dioxide) 

Carboniferous  limeatooe.  737;  hialory  sf 
in  western  Europe,  494 

Carboniferous  Slate,  742 

Carboniferous  System,  718 

,  two  types  of,  719 

CareharodoHj  853^  876 

Oirdi(i#fer,  821 

CardtniOy  774 

Gaitiiooarpoii,  731* 

Cardiola,  678,  697 

Cardii^UnM^llS 

CardUa,  762,  846,  860,  862,  868*,  870 
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Cardium,  762,  766*,  774,  778*,  806,  840*. 

855,  862,  873,  896 
Carlebad,  spradelBteia  of,  113 
Carpathian  MoimtaiiiB,  Tertiaiy  voloanoes 

of,  861 
€Jarpinus  (Hornbeam),  862 
€ktrpoliihe$,lSO 
Ganphairn  Group,  671 
**  Car-atone  "  (Keooomian),  820 
CaryocarM,  664 
CaryophylliOy  860 

Caspian  Sea,  35,  36,  40;  origin  of;  896 
salinity,    397,    398;    salt   beds,   397 
rood   Yoloanoes,  235;    flro-wells,    236 
naphtha  distriotS)  236;  petroleum,  173 
donee  of,  824 
CaitianeUa,  762 
Casiidana,  846 
Comi,  855,  862 
Casts  of  organio  remains,  610 
Oat,  fossil  forms  of,  864, 872 


CcUenipora,  6S5 
Catskili  Gronp, 


705 


CatskiU  Monntaina,  glaoiation  of,  899 

Canda-galU  grit,  704 

OtnOerpOM,  755 

Cauhpterit,  705,  706,  752 

Caveni-depoeits,  Palieolithic,  904 

Cayemons  stmctme  of  rooks,  88 

Cafems,  formation  of,  354 ;  oosiferoas,  356, 
908 ;  burial  of  organisms  in,  605 

Caves,  red  earth  of,  337, 904 

Oj&oetortM,  856 

Cellular  structure  of  rocks,  89,  204 

Cellulose,  609 

Cements  of  rooks,  309, 335 

Cement-stone,  112 

Cement-stone  Group  (CarboDiferous),  739 

Cenomanian,  814, 819,  826,  829 

CephakupiM,  688, 709*,  710 

Cephalopods,  earliest,  652,  654, 666 ;  maxi- 
mum development  of,  807 

Ceratiooarii,  664,  677»,  724 

Ceratodui.  767 

CeriUuum,   774,    806,    840,    841^    855*, 

865 
Ceritbium  or  Sarmatian  Stage,  867 
O0romya,793 

Cervus,  875 ;  as  a  type-fossil,  616 
Ceteoeawrui,  779,  807 
Chmropotamui,  856,  865 
ChaUooOusHum,  856,  869,  880 
Chalk,  168,  802 ;  absorbent  power  of,  299 ; 

fiisedand crystallized,  291;  converted  into 

marble,  292, 577 ;  red  kMtm  of  weathered, 

337 
Chalk-formation   of  Europe,   801;    with 

flints,  822;  without  flints,  822;  not  a 

continuous  deposit,  821 ;  represented  by 

sandstone  in  SieuLony,  829 
Chalk-marl,  820 
Chalk-iock,  822 
"  Challenger  "  Expedition,  work  of,  82,  38, 


84,  64.  254,  391,  436,  488,  439,  461,  467, 

469,  470,  801 
Chalybite,  83 
Ckama,  840 
Chammeyparit,  849 
Chamois,  fosBil,  898 
Champlain  Clays,  899 
Channels,  formation  of  underground,  355 
Chara,  852,  854* 
Chanoe^fhalus^  660 
ChannovB,6S7 
Chazy  Group,  692 
CheiraoafUhu$f  710 
Cheirodw,  731* 
Chetroiherium,  765 
CheiruruB,  655,  664,  700 
Chehne,  807,  846 

Cheltenham,  mineral  waters  of,  851 
Chemical  analysis,  use  of  in  geological 

researoh,  191 
Chemnitzia,  758,  762 
Chemung  group,  704 
Chert,  117, 168,  719,  788,  743 
Chesil  Bank,  formation  of,  435,  488 
Chester  Group,  750 
Chestnut,  fossil  forms  of,  888,  877 
Chiastolite,  79 
Chiastolite  Slate,  122 
Chili,  volcanio  action   in  (<ee  America, 

SouthX  216 
Chillesfoid  Beds,  878 
Ckinusra,  795 
China,  denudation  by  wind  in,  820;  loess 

of,  822 ;  coal-fields  of,  749 
Chitin,  609 
Chiton,  758 

Chlorides  at  volcanoes,  202,  229, 262 
Chlorine,  57.  85 
Chlorite,  81 ;  as  an  index  of  alteration, 

107 
Chlorite-sohist,  121, 126 
Cbloritlc  Marl,  820 
ChaUte$,  662.  722 
CkondriUi,  662,  664 
Chonete9,  680,  696,  718,  728 
Chronology,  fossils  indicative  of  geological, 

614 
Chrysolite,  67 
CieadiUi,  772* 
Cidaris,  761. 778,  774*,  805 
Cincinnati  Group,  692 
Cmfiamomtim,  832,  815,  855,  862*,  871 
Cinnamon,  earl  v  forms  of,  832 
CiroumdenudatioQ,  hills  of,  924  , 

Cirques,  origin  of,  927 
Cimpcdes,  earliest  forms  of,  664 
Oi«iiw,862 

Civet,  early  forms  of,  856 
Cladodu$,  724 
Cladyodon^  768 

Clastic  rocks,  102, 105, 103, 153 
Clastic  structure,  87 
CUUhraria,  772 
ClalhropierU,  761 
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ClftT.abMbat  power  of  piMtie,  299  j 

Clay*  «rigiii  oC  ^l 

CI*7-ii»itoikfe.  83, 116. 175 

Cfay-nela,  1490,  161 

ClBj.«late,12UldS;  fonntkin  ofby  Mete- 

BMrptiM,30i 
CfeftT^  121 :  mkme  ^  310,  521 ;  oh  , 

~  hj  utiire  of   the  rock.  3U; 

itDfiiibtkB,3Qr7,579,582,5e6      ; 

dat&eo^mpbtt^  663 

QiBBte,  geologieftl  rdataon  oC  21 ;  inia- 

€Dee  of  ■•n  iqno,  471 ;  afEected  by  tbe  ' 

K%  426 ;  HifaaMriDe,  421 ;  pssfc  altetBa-  ; 

nations  of;  21, 29;  indiaUed  hj  fiwOs. 

613:    PlalsoBOw,    21;    Janane.    784; 

Cieteeeo«,803;  Tertiafj, 837. 86», 871,  | 

872;  piooCii  of  gndnal  idUgenUian  of 

in  hie  Tertaiy  time,  872, 883 

Clinkilooe,  139 

ClinooMter,  509 

Clintoa  Groups  692 

CZMma,676 

CaMHwAyOwM,  722 

CloQoc,  fonDatkn  of.  329 

Clyde  aheO-bedfl,  895 

dyMfKta,  698 

0^fpe«t,773 

Coal,  kinds  oi;  171 ;  mode  of  oeeonenee 
oC720;  fionnation  of;  305, 490;  jointing 
oC  502;  altered  by  eraptnre  rock.  173, 
573,  575;  aHen  erupU?e  rode,  576; 
efieets  of  pUcation  on,  306,  520;  as- 
sociated with  fireclay.  490.  720;  with 
noarine  limestones,  741. 745, 749 

Coal-measures,  737, 743 

Coal-seams,  peraistenoe  o^  492;  oonfcm- 
pofaneons  channels  in,  480,  483 

Coals  of  Tazions  geological  ages,  as  Old 
Bed  Sandstone,  714 ;  Garboniferons, 
720;  Permian,  756;  Tnassic,  768; 
Jurassic,  792;  Crelaoeous,  802,  828, 
834;  Eocene,  851;  Oligocene,  859,  861 ; 
Miocene,  868 

Coasl-tines  of  the  continents,  41 ;  form  of 
as  an  index  of  depth  of  sea,  449 

Coblemdeo,  702 

CoccotUmt,  666,  698,  709*,  710 

CodUtbdiiff,  724 

Cockroach,  early  fonn  of;  732 

Ckdacamihu,  749 

O2a«f0r,696 

Codlenterates  as  fossOs.  611 

0»i»ee«,  678 

CoUf^ten  fbssU,  732,  787,  798,  868 

Colloid  minerals,  61 

Cblo6iit,864 

Cokmies,  Banande's  doctrine  of,  627, 849 

Oaomdo  Gronp^  882 

Gdorado,  riyer  gorges  oC  878,  923 

Colorado,  snbaerial  denndatkm  in  basin 


sri 


of  the,  321,  378.  92S ;  liver 
eaions  o^  378, 923;  taUe-lsBK 
Cokxatian  of  rodca  by  ervptzve  mam^L 
573 

Camoatri*,  773* 

Canpact  stnKtare  of  nckB.  87,  88 
ConressioD   of  rods.    314,    51S,    TT 
cftels  of  relief  froo,  273,  309.  311,  3H 
CbaifseaiyB,  832 
Cpaysoyaaw,  779 
GmdbAwtort,  664 
Goocfaoadal  finetnre,  91 
CoDoeliflBary  sinietnra,  89,  487 
Oonaetiansi,  62,  89 
Cnndwatfan  oif  waiet^  iinpintaiii  of  it 

Condros,  pMmmites  de,  701 

Cdmeded^eeiiam,290 

Cooe-in-cone  stroetnre,  313 

Cones,  ▼okmnle,  214, 225,  243,  248,  S8 

ConfoimaUe  strata,  599 

Ctmgeria^  866,  874*,  876 

Congenan  Stage,  876 

Congkmesate,  156 ;  aasoeialed  wrifli  mmI- 
stone  rather  than  with  riialft,  4»I ;  «e^ 
currence  of  in  sduat,  125;  JacioaBtaaK^ 
of,  492;  pillan  of;  eroded  by  iub,3«1. 
joints  in,  504;  Tofeank,  163 

Cong^omermted  sftradnm,  87 

ComferB,  eariieat  known  looBa  oC  789,  7% 

Gimtbsaamt,  808 

Coniston  grits  and  8aga,  684; 
670,684 

CbnoforvltMn,  723* 

Comoeorypke,  649*.  651,  664 

ConodoDti  of  Ptmdei;  666 

ConserratiYe  action  in  geoktgy,  316 

Contaoi-metamorphism     (sra 
phiam) 

Contactsdiiefer,  578 

Contemporaneity,  geokgieal,  617 

Contemporaneous  onptiTe  roeks,  535, 5£3 

Contemporaneous  veins,  90, 556 

Continental  conditions,  indieaiiona  ot  711. 
757 

Continents,  grouping  of  the,  35;  antiqifty 
and  permanence  of  the,  22,  35,54.288, 
911;  intennittent  and  often  repsaled 
elevation  of;  287,  912;  inland  aaal 
wastes  of.  325 

Contortion  (9ee  Plksation) 

Contraction,  terreatrial.  261, 274, 286, 912 

Contraction  of  rooks,  294, 319 

QmmXaHa,  651*,  666, 724* 

Owifs,  840,  841*,  855, 865 

Cooling,  secular,  of  ^obe,  286 

Copper,  native,  in  ItiasiU,  453 

Copper  ores  in  K^pfenehiefet;  751 

C(^lite8,169 

CoraUian,794 

Coralline  Crag,  873 

Coralline  OoUte,  794 

Coral  Bag,  794 
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Coral  reefs,  formation  of,  464 ;  argument 

from  as  to  subbidence,  282,  464 
Onral  rook.  167 ;  jdnts  in,  503 
ConlB  as  foesils,  611 
Car&t«u2a,866,  875 
CSorbttlo,  795, 840*^856 
Ckn-daUeB,  729,  731,  752 
Cordierite,  79 
Cormorant,  foanl,  881 
CombrBsh,  790,  792 
OomiferonB  Group,  704 
Gomstone,  112 
Comubianite,  580 
ComuUtes,  664,  682 
Conies,  origin  of,  927 
Conite,143 
Gomndmn,   67;   artificial    formation   of, 

302 
Corydalii,  790* 
Coryphodon^SiO 
Coeegnina,  eruption  of,  217,  219 
Comnocmu  (AmmmUei),  791*,  793* 
Connogony,  6 
Ootopaxi  (ffM  Andes) 
Crag  deposits,  873 
Crane,  fosBil,  881 
CraniOy  665,  669*,  805 
Oannoges  in  peat  bogs,  460 
CroaMiflOa,  847 
Crater,  yolcanic,  198, 242 
Cray-flsh,  geological  action  of,  455 
OredfieHd,  803 
OrMnotopierM,  761 
OreoMxtftnif,  801 
Crests  of  mountains,  origin  of  forms  of, 

925 
Cretaceous  rooks,  metamcnphosed,  834 
Cretaceous  System,  801 
Creyassee  in  glaciers,  404 
Cricket,  early  form  of,  732 
Crinoidal  Limestone,  168,  722 
Crioceroi,  807,  808* 
CririeUaria,  S03* 
CroeodUu$j  832 ;  earliest  known  types  of, 

763,776 
**  Croosed  Kicols,"  use  of  in  petrography, 

189 
CroetopUrygidmy  710 
Crotaloerinui,  GIS 

Crumpling  of  strata,  519  (see  Plication) 
Crust  of  the  earth,    condition   of  first 
formed,    12;  oxidation   of,   30;   mean 
density  of,  42;  definition  of,  42;  tem- 
perature of,  45,  49,  55,  912;  thickness 
of,  52 ;  composition  of,  56,  57 ;  flexures 
of,  913 
Crust  01  weathered  rocks,  334 
Cruziana,  650 
Oyptocari«,664 
Cryptoclastio  structure,  88 
Ciyptocrystalline  structure,  87,  88 
Cryptomente$,  792 
Crystalliue  minerals,  60 
Oovtalline  rooks,  110 


Crystalline  structure  of  rocks,  86,  103; 

production  of  in  stalactites,  limestones, 

&o.,354 
Crjrstallites  (tee  also  Microlites),  99, 100, 

in   decomposing  glass,  833;  in  fused 

sandstone,  Ac.,  575 
Crystallixation  of  rocks,  experiments  in, 

291 
CrysUds  in  rooks,  95 ;  inolosures  in,  95 
CUmaoanthue,  699,  725*,  732 
Ctenodonta,  651*,  665,  679* 
C^enodtff ,  724 
Ctenoptyehiu$j  724,  732 
<«  Cuboides  beds,*'  701 
CucuOtea,  697,  698*,  818,  844,  881 
OiMmUeZZa,  678 
Cuhn,  748 
Ounmnghamite$j  SOS 
Cupreinnoxylon,  859 
CtfprsMOonnieljB,  696 
Ct^>reMiM,  786 
CurcuUonidm,  fossil,  775 
Currents,  tidal,  419 ;  ocean,  420, 434 ;  cause 

of,  421 
CurtonotuB,  e97 
Curvature  of  rocks.  514, 913 
Custard-apple,  early  species  of,  838,  855 
**  Cutters  *  and  **  backs,*'  502 
-       -    712 

dna,  804,  860 
(^fothoerinui,  664,  696, 722*.  753 
dyaikophora,7d3 
difaihophyUum,  664,  696, 721* 
^e»el8,664 
dycadinocarptUf  772 
Cyeadoidea^  772 
dycadotpadix,  772 
Cycads,  foBsU,  761,  772, 804 
CydoB,  817 
CyidodadiOy  72S 
CycUHite$,  804 
Cyclone  waves,  423 
O^felofiema,  666 

dfdapierii,  708, 715, 726, 757,  760 
CydMtigvMy  717,  736 
CVcIof^omo,  859,  866 
Cydobu^SSn 
Cynodon^Sil 

dyphasptB^  erj* 

Cyphoeoma^  805 
Cyprxa,  840,  862,  881 
Cypress,  early  forms  of,  838,  866 
Cypricardia,  789 
CVpridmo,  696,  697* 
Cypridinensohiefer,  696 

818,  844,  873,  896 
1.828 
790, 817,  840*,  856,  866 


^Btideans,  650, 664 ;  m  type-fossils,  615 
CfyiUpkyOmi^eQ^ 
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Cffkere^  669,  737 

Cfikerea,  820,  840,  851*,  855,  8G2, 896 

DlMdiadikfer.  122 

Dachsteifi  LimettODe,  769 

DMtte,144 

DacrfUteritm^  S5Q 

Dtusii/iopora,  US 

DadazfloH,  708, 730 

DaJumtmnu,  795 

Dakotab  Group,  832 

Dalmamiet,  689,  69G 

Dftlreen  Group,  671 

JJawimara,  92^ 

DuDoorite,  74 

Daniao,  814,  823,  827,  835 

Danube,  mineral  matter  in  water  of,  366, 
370 ;  area  of  drainage,  444  ;  annual  dis* 
ohaifie  of  sediment  by,  444;  rate  of 
eroaion  by,  444 ;  loess  0^384;  growtbof 
delta  oi;  390 

DapedhtSf  775 

Daphne^  8G2 

Da9omi$,S46 

Da»f/eep$,  755 

DaWcita,  652 

Datfwmia,  754 

Pay,  cbange  in  length  of  the,  during  the 
geological  past,  13,  20 

D^  ^Da,  oo^^K)6itioll  of  water  of;  398; 
chemistry  of,  899;  saline  deposits  of; 
111,399;  asphalt  of;  173 

Deccan*<trans,^258,831 

Declivity  and  denudation,  921 

Deoompodtiffli  products,  107. 123, 161 

Deer,  foasU,  86^  872,  875 

Deformation  of  internal  parts  of  rocks,  157, 
311,521 

Deinooeroi,  843* 

Deinoceras  Beds,  853 

Deinooerata,  characters  o^  842 

Deinosaurs,  earliest  forms  of,  763,  778 ;  the 
most  gigantic  forms  of  life,  779, 801 

Demoiherium,  863,  864*,  871 

Delessite,82 

Delta,  formation  of  in  lakes,  385, 393;  in 
the  B»,  388 ;  burial  of  organisms  in,  605 

Doidritic  markings,  70 

J)endroen$m$y  650 

Dendrograptu$ye&7 

Denmark,  progress  of  dunes  of,  324 ;  peat 
mosws  of,  459;  shell  mounds  of,  909; 
Cretaceous  rodlcs  of,  828 ;  boulder  drift 
0^890 

Density,  alteration  of  distribution  of  ter- 
restrial, 275 

DeniaUum,  819,  878,  897 

Denudation  by  wind,  320, 321 ;  by  solrent 
aotioo  of  rain,  332 ;  suboerial,  441 ; 
rate  of;  444;  unequflJ  in  its  progreai^ 
843,  446 ;  exaggerated  ideas  of  marine, 
447;  rate  of  marino,  447;  marine  oom> 
pared  with  subaerial,  448 ;  final  rcsul's 


of  marine,  a  plain,  449;    ■fcrlnl  % 

Bubtenaoean  moreoMBta,  288^  448,  91t 

912 ;  infloeoce  of  upon  the  mntnwrs  «< 

the  land,  911,  921 
Deoxidation,  by  onaiiie  matter  oC  wa, 

832 
D»oeitkxi    connected    with   tnbtidemat, 

288;  synchroDoos  and  ooeqaal  witk  ^ 

nudatlon,451;  vast  extent  oi;  451 ;  eoa- 

ditioosof  indicated  by  natoieof  sAnta. 

475 
DepressioD  (see  Subsidence) 
Deserts,  sand  dunes  o<;  323, 825 
Deeiccatioo,eiEBOtsoi;  319.827,39)5;  aoae- 

times  caused  by  cutting  down  ianut^ 

454 
Desiccation  crada,  485 
Desmosite,  578 

DestructiTe  action  in  geology,  316, 45(2 
Detrital  loeks,  102 
DeTillicQ  (Syirtihne),  658 
DeTitrifioatiQii,99, 100, 102, 104, 105.  29S : 

may  arise  from  meteoiie  action*  33S 
Devonian  system,  693, 696;  oristBofMOBe, 

699 ;  Devonian  and  Old  Bed  fianilatiMS 

typci^  union  oi;  704,  718 
Dew  removes  impurities  from  the  air,  331 
Diabase,  145,  146 
Diabase-aphanite,  145 
Diabase-p^phyrite,  146 
DuulflNo,  7A  805* 
DiaUage,76 
Diallage  lock,  149 
ZXastopora,  723,  798 
Diatom  earth  or  ooae,  168,  461 
DieeOogrM^^  663 
XVccras,  797 
Dteeraiherimm,  869 
DuJuAuney  841,  857 
Dichodm,  841, 857 
I}ukograftu$,G5» 
Diokroism,  79, 190 
Dichroite,  79 
Dicotyledons,  earliest  forms  of;  808, 83S 

Dictyooaris,  6Gi 

i>tef  ytmemo,  658 

Dictyonema  fchist,  658 

Dtet^opterit^TdS 

DtetyozyloN,  735 

i>uidfpAy«.  846 

7)uiym4UpM,  712 

Didymoffrapftu.  663* 

Diester  Sandstone  (Neooomlan)^  828 

Dikeioeepkalui,  649*,  651 

Diluvial  deposits,  883 

Diluvium,  888 

Dimetian  rooks,  643 

/>tiiiorp^kodoii,  778 

Diniekthyt,  705,  710 

/>tfio6iati«,  691 

Dioonite*,  772 

Diopeide,  artificial  fofmatioo  of;  800,  801 

Diorite,  143 ;  hotmm  of,  545 
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I>io9pyro$,  S4B 

Dip  of  strata,  509 ;  obeenration  of,  510 ; 

deceptive  appearanoes  of,  510 ;  quaqua- 

vena],  511 
Diphya  Limestone,  800 
DiplaeanthuB^  710 
Diplaoodon  Beds,  853 
Diplograpiua,  663* 
ViplojpUruB,  710 
JJiplopuSj  841 
Dtplotaurust  808 
Dtptertmotue,  765 
DCpteru$,  709* 
Dipyre  Slate,  122 
Dirt  beds,  796 

Diacina,  650»,  6.51,  665,  669*,  723,  795 
Diaeinoearit,  6C»4,  670 

Di$ooidea^  804 

Di»oo9auru$^  810 

DisiDtegratioQ  from  lapid  daily  changes  of 
tempmtuie,  319,  325;  from  soWent 
action  of  ndn,  332,  334 ;  produces  deep 
accumulations  of  rotted  rock,  838, 453 

Dislocations  of  the  earth's  cmst,  or  Faults 
(wliich  seeX  315,  522 

Distribution  of  plants  and  animals,  283 

Diihyroearii,  724 

Ditioite,  138 

I>an«pa,849 

Dog,  early  forms  of,  856 

Do^;er,  793,  799 

Dc^ood,  early  forms  oi;  882 

Dolerite,  148 ;  weathering  of,  76 

Ihliehoiaurus,  808 

DoHehotomOf  75i 

Dolinas  in  limestone  districts,  355,  830 

Ddomite,  83,  114,  755;  origin  of,  304, 
999 ;  Devonian,  704 ;  Oarbonifeious,  719 ; 
Permian,  751 ;  Triassic,  769 

Dolomitic  conglomerate  of  English  Trias, 
486,  493,  759,  765 

Dolomitization,  115,  804,  720, 788 

Dolphin,  early  forms  of,  865,  875 

Doreatherimij  869,  880 

Dormouse,  early  forms  of,  856 

Dorsetshire,  landslips  of,  357 

XhrffoordaUet,  745 

Dover,  Strait  of,  438 

Downton  Sandstone,  682 

Drainage-basins,  influence  of  permeability 
of  roekn  in,  upon  discharge  of  rivers, 
359,  361 :  character  of  river  water  in, 
dependent  upon  chemical  composition  of 
rooks,  364 

Drainage  lines,  permanence  of,  922 

Dranse,  glacier-dammed  river  of,  369 

DreiiMfta,  866 

Drtmotherium,  856,  878 

Drepanodon,  SSO 

Drierooenu,  86S 

Drift,  ghicial,  888;  contorted  beds  of, 
891 

Jhomatherium,  763 


Droughts  in  relation  to  springs  and  rivers, 

359 
Druid  stones,  342 
Drums  of  boulder  clay,  889 
Drusy  cavities,  62,  95, 131,  593 
Dryandra^  855.  862 
DryandroideSf  855 
DryoleBte$,  SOI 
Dryopithecus^  864* 
Dunes,  155;  formation  of,  322;  progress 

of,  324 ;  arrest  of  by  planting  pines,  3?4, 

456 ;  and  by  sand-carex,  456 
Duuite,  151 

Dura  Den  bods,  711,  716 
Dumnce,  slope  of  the,  363 ;  miuerul  matter 

in  water  of,  370 
Dust,  in  the  air,  31;  erosion  by  wiud- 

driven,  320;  growth  of,  321;  showers, 

325 
Dyas  system,  750 
Dykes,  volcanic,  105,  213,  223,  247, 553, 

858 

Eagle,  fossU,  881 

Eagle-stones,  175 

Earth,  density  of,  8,  42, 43 ;  form  and  size 
of,  11 ;  movements  of,  13 ;  cmst  of  (tee 
Crust) ;  stability  of  axis  of,  15 ;  eccen- 
tricity of  orbit  of,  23 ;  composition  and 
pressure  of  interior  of,  44 ;  internal  heat 
of^  45,  55 ;  condition  of  interior  of,  49 ; 
age  of,  54 

Earth  pillars  eroded  by  rain,  341 

Earthquakes  defined,  266;  waves,  267; 
velocity  of,  267 ;  duration  of;  268 ;  in- 
fluenced by  structure  of  terrestrial  crust, 
268;  areas  affected  bv,  269;  depth  of 
source,  269 ;  geological  effects  of,  271 ; 
distribution  o^  273;  destroy  marine 
organisnis,  607 ;  considered  as  evidence 
of  liquidity  of  earth's  interior,  50 ;  origin 
of,  273 ;  most  frequent  in  winter,  274 

Earthworm  assists  in  the  formation  of 
vegetable  soil,  339, 341, 454 

Earthy  condition  of  rooks,  91 

Echin6bri$$ut,  773,  804 

EchinoeanWf  804,  805* 

Echinocoryif  823 

Echinoderms  as  fossils,  611 

Echinoids,  fossil,  in  relation  to  the  theory 
of  development,  625 ;  survival  of  from 
Cretaceous  time,  804 

Eehtno9phmrUe$f  664 

Ecliptic,  obliquity  of,  as  a  geological 
factor,  15 

Eclogite,  125 

Ecuador,  volcanic  action  in,  218 

Edmandia,  723, 753 

Efflorescences  of  arid  soils,  327 

Egdn  Beds  (Oliffocene),  860 

Egvpt,  periodicsl  floods  of,  359 

Eifel,  volcanic  phenomena  of,  202,  207, 
209,  216,  235,  244, 245, 560 ;  gas  springs 
of,  202,  235 ;  crater  lakes  of,  240,  243 

3  P 


Digitized  by 


Google 


946 


INDEX. 


Eifi^ien,  702 
ElnoUte,  78 

Ekiis,  Si: 
ElasmoMurus,  810 

Elaterid«,  foeeil,  775,  787 

Elbe,  ratio  of  discharge  to  rainfaU,  361 ; 
mineral  matter  removed  by,  366,  370 

Elephant  as  a  type-fossil,  616 

Elephas,  871*.  872,  891,  906 

Elevation  («ee  Upheaval) 

Elevation  craters,  240 

Elk,  Canadian,  898 ;  Irish,  906,  907 

MipBoeephtduB,  649*,  651 

Elm,  early  forms  of,  829, 838,  868,  871 

ElaniehihyB,  740 

Elotherium,  869 

Elton  Lake,  composition  of  water  of,  398 ; 
chemistry  of,  399 

Elavinm,  a  name  proposed  for  subaerial 
accnmulations  in  situ,  322 

El  van,  136^553 

Embryonic  development  and  palsBonto- 
logical  history,  624 

Emys,  832,  857 

^na/iomw,  811,840 

Enehodus,  807 

Encrlnital  Limestone,  168  * 

Encrinurm,  664 

Enerinua,  761.  762» 

Endocera8,eeS 

Endomorphs,  61 

Eugolfment  of  streams  by  collapse  of  roofs 
of  caverns,  356 

Enhydriodm,  880 

Enstatite,  76 

Entelodon,  856 

EntomU,  664,  669,  697* 

Eocene,  definition  of  term,  836  ;  division 
of  the  geological  record,  838 

Eohippus,  842 

Eohyus,  842 

Eophyton,  649,  658 

Eopteri$,e62 

EosauruSy  749 

Eo8corpiu8, 732* 

EotoanyGSS 

Ephemera,  710 

Epia9ter,  823 

Epidote,  79 :  as  an  index  of  alteration,  107 

Epigene  action,  196,  316 

Eppelsheim,  buno-sand  of,  866,  876 

Epsomitee,  313 

Equatorial  current,  421 

Equinoxes,  precession  of,  14 

Equiaetites,  752,  786 

EquiBdum,  760, 772,  817 

Equus  (see  Horse),  872;  as  a  typc-fussil, 
616 

EnnnyB,  649*,  651 

Erosion,  experiments  in,  371 ;  contempo- 
raneous, 480 ;  by  wind,  320 ;  by  rivers, 
371 ;  by  glaciers,  413;  by  the  sea,  426 

Erratic  blocks.  154,  412,  890,  892:  de- 
ceptive, 413 


Eruptive  rocks,  129 ;  coofidered  •B  part  ti 
the  earth's  onut,  534;  xeUtiTe  mgps  oi, 
536;  characters  <^  537 

Erymay799 

Eryon,799 

Escarpments  may  originate  wmief&fli. 
375 

,  origin  0^  927 

Essential  minerals,  61 

E8kers,892 

Edheria,  697*,  715,  724,  732, 762* 

Estuaries,  bars  of;  387 

fitampes,  Sables  d*,  858 

Etna,  phenomena  of,  198,  209,  210.  212, 
213,  214,  222,  228,  229,  230,  231«  232, 
248 

EueaiyptoerinuB,  664 

Euealyplusy  S38,S55 

Ew!htlus,S5e 

EuehtrosauruB,  754 

EmoUidia,eU 

Eueydm;  790 

Enlysite,  151 

Euomphalm,  666, 679*,  697,  723, 7M* 

Euphoberia^  732 

Eurite,  125, 135 

Europe,  mean  height  of,  36 ;  great  pUin  a^ 
40;  coast  line  of.  41;  once  united  te 
Africa,  35 ;  cmce partially  disfotnedfiraa 
Asia,  35,  40;  basa1ii>Ui«aiix  of,  £o«, 
261;  sand-dunes  of,  324,325;  tefi»- 
rossa  of  80uth-«asiem,  338 ;  ri^ner-floodi 
of,  359;  river  water  of,  365;  fiw 
greater  volume  of  rivers  oi,  384 ;  ooast 
alluvia  of;  387;  delta  formstioos  d, 
389, 390 ;  abundant  lake*  of  noctfacfB, 
391 ;  Pal«osoic  geography  ot,  657, 683^ 
694,  701.  706,  736,  751 ;  Uemmoie  g» 
graphy  of,  764,  767,  784,  786,  802,  W4, 
824;  Tertiary  geography  oC  835,  857, 
845, 848, 854, 861, 8/0. 877 ;  FCst-totMiy 
geography  of,  883;  glaeiatioa  oC  885 

EurylepUf  749 

EurynotuB,  726* 

Euryptenu,  664,  693,  697*,  710,  724 

Eurytherium^  856 

EMaeanihuB,  714 

Evaporation,  relation  of  to  rainfiUI  ami 
river-discharge,  3fiM) 

Evolution,  bearing  of  paleontology  opa^ 
623 ;  slow  and  unequal  advanoe  qC  619L 
626 

Exoentrioity  of  twrestrial  orbit,  14,  23 

Exogyra,  774, 778»,  805.  806* 

EiMgyra  calumba  province  (OetaceooftV 
814 

Expansion  of  rocks,  284, 291, 319 

Experimental  geology,  importaiice  oC  38»; 
examples  of,  371,  427 

Explosions,  volcanic,  206,  21.\  218,  210; 
velocity  of  shock  of,  267 

ExtraerinuBf  773^  774* 

Exudation  veins,  90 
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Fahularia,  S50 

Fairv-stoneB  of  SootlancL  488 

«*Paie«,''158 

False  bedding,  477 

FaluDS  of  Toniaine,  865 

Fammenien,  701 

Fault-rock,  157,  524 

Faults,  inclination  of,  524 ;  reversed,  525, 
526, 746;  connection  of,  with  folds,  526, 
746,  913,  916;  throw  of,  526;  hade  of, 
316,  524 ;  heave  of,  528 ;  variations  in 
effects  of,  527;  dip-,  527;  strike-,  527, 
528;  trough-,  532;  step-,  532;  dying 
out  of,  530 ;  groups  of,  531 ;  detection 
and  tracing  of,  532 ;  slipping  of  sides  of, 
592;  successive  opening  of,  594;  as 
receptacles  of  mineral  veins,  595;  in- 
fluence of  on  surface,  916;  origin  of, 
315 

Faaeieularta,  873* 

Ftueiolarioy  828,  865 

FavoHtes,  663,  696 

Fazoe  Obalk,  828,  835 

Feel  of  rooks,  93 

FelU,  864,  875 

Feldte,  Felstone,  135, 136 ;  with  columnar 
structure,  508 

Felsitic  ground  mass,  102, 104, 135 

FelBophyre,  90 

Felspars,  70, 130;  artificially  formed,  300 

Felspathio  composition,  90 

Felstone  ($ee  Felsite) 

Fenegiella,  655,  605,  753 

Kerns,  oldest  known,  662 

Ferrite,  107 

Ferrous  Oorbonate,  83,  116,  175;  produc- 
tion and  oxidation  of,  350 

Ferrous  Oxide,  oxidation  of,  332,  333 

Ferrous  Sulphate,  decomposition  of  in 
natural  waters,  350 

Ferruginous  deposits,  174 

Feuerstein,  117 

Fibrous  structure,  88 ;  in  calcite,  353 ;  in 
calcedony,  354 ;  artificially  superinduced 
in  glass,  301 

FtciM,  845,  860,862 

Field  work  in  geology,  176 

Fig-tree,  fossil,  803,  839,  855,  871,  804 

FimMati  (Ammonites),  784 

**  Findlige  "  (erratic  blocks),  412 

Fir,  fossil,  868,  875 

Fire-clay,  160;  relation  of  to  coal,  490; 
origin  of,  720,  721 

Fire  •damp,  escape  of  fh>m  coal,  306 

Fire  wells,  236 

"  Firn,"  or  snow  ice,  110 

Firths  or  Fjotds,  origin  of,  283 

Fishes,  earliest  remains  of,  666,  681, 705 ; 
sudden  destruction  of,  607,  716 

Fisiility,  kinds  of  in  rocks,  476 

Fissures,  315,  522,  591 ;  caused  by  earth- 
quakes, 271 ;  connection  of  volcanio 
Tents  with,  210,  212,  221 

Fiisqrd-Tolcanoety  197,  255, 261,  564 


Fjords  ($ee  Firths) 

FlabeOariay  S60 

Flagstone,  158 

Flame,  coloration  of  as  a  test  of  minerals, 

193 
Flammenmergel,  829 
Flanders,  sand-dunes  of,  324 
Fleckschiefer,  123,  578 
Flexures  of  terrestrial  crust,  514,  913 ;  in- 

fiuence  of  on  scenery,  923 
Flint,  66,   117,   168;    formntion  of,  488, 
804;     connection    of    with    siliceous 
organisms,  469,  804 
Flinty  slate,  117, 161 
Flinty  structure,  87 
Floe-ice.  Ill,  424 
Flood-plains  of  rivers,  383 
Floods,  volume  of  in  rivers,  360  ;  relation 
of  to  permeability  of  drainage-basins, 
359 ;    increase   scour  of  rivers,    368 ; 
seasonal    and    occasional,   859;    from 
melting  snows,  403 
Flora  («ee  Plants) 
Florida,  coast-bars  o^  887 
Fluorine,  57,  84 ;  influence  of  in  sublima- 
tion, 293 :  facilitates  some  precipitates, 
302;    possible   cooperation   of  m    the 
crystallization  of  granite,  302 
Fluorides,  84 
Fluorite  (Fluor  spar),  84 
Flustroy  850 

Fluvio-marine  series  (Isle  of  Wight),  856 
Fluxion-structure  in  rocks,  88,  104,  135 ; 
artifically  produced  in  solid  lead  and 
iron,  313 
Flysch,  830,  838,851 
Foliated  rocks,  joints  in,  508 
Foliated  structure,  88 
Foliation,  88, 118 ;  production  of,  307, 541, 
578,  581 ;  coincidence  of  with  cleavage, 
307,  579,  582,  586;   local  development 
of,  541,  578,  581 
Folkestone  Beds,  818 
Fontainebleau,  Oi^  de,  858 
Footprints  in  strata,  485 
Foraminifera  as  rock-builders,  838 
Foraminiferal  ooze,  167,  463 
Forests  affect  rainfall,  454,  457,  472 ;  pro- 
tective   influence   of,  457;    effects   of 
destruction  of,  457 ;  submerged,  900 
Forest-bed  group,  874;  undisturbed  con- 
dition of  below  contorted  drift,  889 
Foredt  marble,  785,  792;  false  bedding  in, 

479 
Fort  Benton,  sub-group,  832 
Fort  Pierre,  sub-group,  832 
FoBsilization,  conditions  of,  608 
Fossils,  definition  of  term,  603;  entomb- 
ment of,   604;    relative   value   of  in 
geology,  610 ;  uses  of  in  geology,  612 ; 
mark  changes  in  phyidcal  geographv, 
612,  741 ;  mark  traces  of  former  land- 
sur&oes,  612;  lakes,  612;  sea  bottoms, 
613 ;  variations  in  character  of  water, 
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613;  proximity  of  land,  613;  fonner 
climBtes,  613;  uphemval,  276;  as  guides 
to  geological  chronologj,  614,  631 ;  may 
prove  iQTersion  of  strata,  616;  prove 
lapse  of  interval  between  strata,  620, 
632 ;  succession  of  as  a  measure  of  geo' 
logical  time,  55;  as  guides  to  stratU 
graphicaJ  olassificatioo,  500,  622,  632; 
snooession  of  influenced  by  physical 
conditions,  623;  subsequent  alterations 
of  into  casts,  610 ;  deformation  of,  301, 
312;  occurrence  of  in  altered  rocks, 
304 

Fox,  fossil.  875,  898,  906 

Fox  Hills  Group,  832 

Foyaife.  138 

Fracture  of  rocks,  91 

Fragmental  rocks,  102, 153 

France,  sand  dunes  of,  323 ;  river  floods 
of.  359;  river  terraces  of.  383;  river- 
mouths  of,  389 ;  local  metamorphism  in, 
581 ;  Cambrian  rocks  in,  658 ;  Silurian, 
690 ;  Devonian,  701, 703 ;  Oarboniferons, 
745;  Permian.  758;  Trias,  767; 
Jurassic,  796 ;  Cretaceous,  824 ;  Eocene, 
847;  Oligooene,  858.  861;  Miocene, 
865;  Pliocene,  876;  Pleistocene.  898; 
palieolithic  gravels  and  caverns,  908 

Frasnien,  701 

Fresh  water,  destructive  eifeots  of  on 
marine  fauna,  607 

Fresh-water  limestone,  167 

Freestone.  158 

Friable  condition  of  rocks,  91 

Frog,  early  species  of,  868 

Frost,  influence  of  on  river  transport, 
368 ;  effects  of  on  soils,  rocks,  ftc^  401 

Frozen  rivers  and  lakes,  geological  action 
of,  401 

Fruchtschiefer,  123,  580 

Fucoids,  fossil,  649.  658, 662 

Fulgurites  or  lightning  tubes,  319 

Fuller's  earth,  161 

Fuller's-earth  Group,  792 

Fumaroles.  229 

Fundy.  bore  in  Bay  of,  420;  destruction  of 
fish  in  Bay  of.  607 

Fusibility  of  minerals,  relative  order  of 
not  always  followed  in  nature,  99.  ^5 

Fusion,  effect  of  in  expanding  rocks,  284 ; 
a  lesult  of  rock-crushing,  291 ;  experi- 
ments  in,  292,  294,  295;  artificial  and 
natural  compared,  295;  rarely  anhy- 
drous, 297 ;  observed  in  blocks  in  tuffis, 
574 

Fu$ulina,  722 

FuiU8, 793,  806,  840,  841*,  855,  873,  881 

Gabbro,  64. 149 
Gaj  Group  (Tertiary),  869 
CkUeooerdo,  850 
OaieriteB,  804,  805* 

GaMhpIax,  856 


Gallicia,  naphtha  springs  of;  236 

OangamoplerU,  771 

Ganges,  periodical  floods  of  the,  359; 
mineral  matter  in  water  of,  370;  delta 
of,  390 ;  area  of  basin,  444 ;  anwn^l  di»- 
oharge  of  sediment,  444 ;  rate  of  erQaioa, 
444 

Gannister,  160.  737.  741 

Garbenschiefer,  123 

Cornet,  79 ;  produced  by  metmoiorphijoi  in 
limestone  shale,  578 

Gkimet-olivine-rock,  151 

Garnet-rock,  125 

Garonne,  mineral  matter  in  water  oi,  370 

Gas  inclusions  in  rocks,  96,  98 

Ga8-q>ring8,  235 

Qss-spurts,  traces  of  among  stimta,  486 

Gasoony,  aand-dunes  of.  323 

Gases  from  volcanoes,  198,  201,  235 

Gaudryina,  803^ 

Gault,  814.  818,  825,  828,  829 

G^r»a/t«,850 

Gaylussite,  formatk)o  of  in  bitter  lakes,  400 

Gosetfo,  879;  foasil  forms  of;  872 

Gedinnien,  702 

O02o0ii«,856 

Genessee  Group,  705 

Geneva,  Lake  of  (ses  Lake  Genera) 

Geognosy,  4, 30 

Ge€^pmoal  distribution  of  plants  a»d 
animals,  618 

Geological  actioQ  may  have  been  finieriT 
more  vigorous,  19,  21, 195 

Geologioal  Congress,  Intematiooal,  635 

Geological  nomendature,  635, 784 

Geological  record,  subdiviskxi  of  by  fovHsL 
616,  622,  631 ;  imperfectkm  of;  3,  6191, 
634,648;  causes  or  gi^M  in,  621 

Geological  Society  of  London,  foonded,  6 

Geological  stmctnre,  infloenoe  of  in  laod- 
sculpture,  922 

Geology,  aim  of,  1,  6;  reveals  no  Xnct  of 
the  beginning  of  thing*,  6;  Ooanical 
aspects  of,  6;  Dynamical,  195;  Experi- 
mental, 289;  Geotectooio  or  Strootiiral, 
474;  PaUeontological,  603;  Phyaiocra- 
phical,  910 ;  Strstigraphical,  631 

Georgian  rocks,  660 

Germanv,  Archsan  rooks,  644;  Cambrian, 
658,  691;  Silurian,  691;  Devonian,  701 : 
Carboniferous,  747;  Permian  or  Dva«L 
756;  Trias,  767;  Jurassic,  798;  Qt^ 
taceous,  828;  Oligocene,  859;  MiooeDe, 
866;  Pliocene,  876;  Gladation  of,  886. 
897 

G<rFt/ZMi,762,774 

Geyserite,  117 

GeyBirs,236 

•'Giants'  Kettles,**  415,  888 

(?t26ef(9ocnnu«,  722 

Giraffe,  fossil  forms  of,  872,  878 

Givetien,  702 

Glacial  action,  Pke-Oambrian  (f),  656; 
Old  Bed  Sandsfone  (?;,  707,  716;  P«w 
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mian,  751,  755;  Eocene,  851;  Pleis- 
tocene, 883 

Glacial  detritoB,  414,  415 

Glacial  Period,  history  of,  883 ;  i&flnence  of 
npon  mammalian  f anna  of  the  globe,  894 ; 
limits  of,  902 ;  second  glaciation  o^  892 ; 
still  exists  in  Norway,  &o.,  902 

Glaciers,  formation  of,  403 ;  motion  of,  403 ; 
advance  and  retreat  of,  406 ;  of  the  first 
order,  406 ;  of  the  second  order,  406 ;  r&- 
cemeuted  (remaniii),  407;  geological 
work  of,  408 ;  transport  by,  408 ;  ponding 
back  of  rivers  by,  369 ;  former  greater 
extent  of,  413, 884 ;  erosion  by,  413,  418, 
885 ;  of  the  present  time  are  descendants 
of  those  of  Ice  Age,  884,  887,  894 

Olaoier-ice,  nature  of;  110 

Glaci^res  or  ice-caves,  346 

Olamisch,  inversion  of;  518 

Glass,  a  product  of  ftisidn,  293;  lower 
density  of,  293,  294;  contraction  jof  in 
cooling,  295;  metecnic  decomposition  of, 
833 

Glassy  or  vitreous  minerals,  60 ;  rooks,  999 
104 

Glauconite,  82,  159 ;  formed  off  Carolina, 
82 ;  as  an  agent  in  foesilization,  610 

Glauoonitio  strata,  802 

CRauwnome,  669, 723 

OMeheniOySOS 

Glengariff  grits,  717 

Glens,  subaerial  origin  of,  283 

Glimmer  (mica),  73 

Okbigerina,  803* 

Globigerimv^xMse,  167 

QlobuUtee,  101 

Glo88opUri8,7id 

OlottotamiteB,  772 

Glutton  (Ouh),  875,  891,  906 

Glyptarca,  655 

Glypiieut,  797 

GlyptOGrinu8,  664 

Glyptodendron,  662 

GlyptoUmuB,  710 

Glypiolepie,  710 

Glyptopomm^  710 

GlyptoitrobuBy  862,  870* 

Gneiss,  124, 126 ;  Archffian,  637 ;  Silurian, 
585, 672 ;  relation  of  to  granite,  308,  587 

Goldau,  landslip  at,  358 

GomphoeeroB,  686,  698 

Gonuuter,  821 

Goniatite$,  698,  721,  724,  725* 

Gontomya,  792 

GoniopholU,  776,  808 

Gcniophora,  665,  679* 

Gosau  Beds  (Cretaceous),  830 

Gourd,  early  forms  of,  838 

Graham's  Island,  a  submarine  volcano,  250, 
255 

Grammysiaj  678,  697 

Granite,  petrographical  characters  of,  103, 
131;  order  of  appearance  of  minerals  in, 
295 ;  passage  of  into  felrite  and  vitreous 


,134;  relations  of  to  gneiss, 
)S]  58t;  depth  of  origin,  97;  tempe- 
rature of  consolidation,  296;  formed 
under  pressure,  297,  540;  influence  of 
fluorine  in  crystallization  of,  295,  302; 
aquo-igneous  origin  of,  296 

Granite  (eontinued),  Geotectonic  characters 
o^— bosses,  539;  veins,  552,  557;  rela- 
tions to  surrounding  roclu,  541 ;  some- 
times schistose,  557;  occasionally  itself 
of  metamorphic  origin,  544 ;  connection 
with  volcanic  rocks,  544 ;  actiial  exposure 
at  the  surface,  the  result  of  enormous 
denudation,  540,  917 

Weathering  of,  178,  335;  absorbent 

power  of  for  water,  299 

Granitite,  134 

Granitoid  structure,  89, 130 

Granophyre,  90 

GranmarKsrystaUine  structure,  87 

Granular  structure,  88 

GranuUte,  125, 126, 134 

Graphite,  63, 173, 639 

Graptolitos  as  type-fossils,  615 ;  of  Silurian 
system,  663,  667 

Graptolithui  (Monograptui),  663 

Gravel,  155 

Great  Basin  of  Korth  America,  327,  395 

Great  Oolite,  792 

Great  Salt  Lake  (see  Salt  Lake,  Great) 

Greece,  Pliocene  depoaits  of,  878 

Green,  as  a  colour  of  rooks,  92 

Greenland,  effects  of  fh)6t  in,  401 ;  glaciers 
of,  404,  416,  417;  Cretaceous  rocks  of, 
803,  831 ;  Tertiary,  868 

Green  Biver  Group,  853 

Greensand,  159 

Greensand,  Lower,  818;  Upper,  819  • 

Green  slates  and  porphyries  of  Lake  Dis- 
trict, 670 

Greenstone,  142, 148  (see  Diorite) 

Grte,  158 

Grte  bigarr€,  767 

Gr^  des  Vosges,  758 

Gresdya,  774 

Greviaea,M5 

Grey  Chalk,  820 

Greywacke,  159 

Greywacke-slate,  160 

"  Grey  Wethers,"  158,  333,  342 

GHffithides,  724 

Grit,  158 

Ground-ice,  111,  402,  425 

Ground-mass  of  rockis,  87,  90,  101,  104 

Ground-swell,  effects  of,  422 

Group  or  stage,  defined,  635 

Grundmorane,  411,  417,  888 

GryUacriBj  732 

Gryphxa,  774,  776* 

Gryphite  Limestone,  774 

Guano,  169, 471 

Gulf-stream,  charactere  of,  27;  infiuenoo 
of,  426 

Gum-tiees,  fossil  (see  Eucalyptus),  838, 855 
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Gunpowder,  experiments  on  velocity  of 
shock  from  explosion  of,  267 

Gypseous  composition  of  rocks,  90 

Gypsum,  84, 115;  beds  and  veins  of,  487; 
absorbent  power  of,  299 ;  decomposed  by 
organic  matter  in  water,  832;  precipi- 
tated by  calcium  carbonate,  399,  400; 
found  at  volcanic  vents,  235 ;  deposits  of 
vnrious  geological  ages — Silurian,  661, 
G92,  693;  Devonian,  704;  Permian,  751, 
757;  Triassic,  759,  765;  Jurassic,  800; 
Eocene,  851 ;  Oligocene,  859,  861 ;  Mio- 
cene, 869;  Pliocene,  870,  877 

GypAeuper,  768 

"Gyps  lacustie"  and  "Gyps  marin"  of 
Paris  basin,  851,  859 

Gyracanthus,  732 

GyroceroBy  698 

(^rode«,  832 

Gyrogonites,  856 

Gyrolepie,  763 

Hade  of  Faults,  316,  524 

Hadrosaurus,  811 

Hnmatite,  67, 116 

Hail,  formation  of,  329 ;  effects  of,  402 

ffakea,  870* 

HaJeyomis,  840 

HciUotU,  881 

HalUherium,  873 

Hallefiinta,  128 

JldUmia,  728 

Halyntes,  664 

Hamilton  Group,  704 

Hamite»,  807,  809* 

Hampshire  basin,  844 

Haplophlebiumi  732 

Hardness  of  minerals  and  rooks,  62, 91 ;  and 

softness  in  relation  to  weathering,  834 
Hare,  early  forms  of,  868 
Harlech  rocks,  654 
Harpes,  673 

JJarpoceras  (AmmonUe$),  786,  789,*  791* 
Harz,  metamorphism  in  the,  578,  703 
Hastings  Sand,  817 
Haughtoniaf  657 
Hauyne,  78,  96 
Hawaii,  volcanoes  of,  211,  222,  223,  225, 

228,  231,  245,  254,  266 
Hay  FeU  Flags,  684 
Hazel,  fossil,  868,  875 
"  Head*'  or  brick-earth,  340 
Headon  Beds,  357 
Heat,  effects  of  in  expanding  rocks,  284 ; 

fcources  of  hypogeue,  289 ;  experiments 

in  the  effects  of  on  rocks,  293 ;   affects 

capillarity    of    rocks,    299;     increases 

solvent  power  of  water,  300 
Heavy  Spar,  84 
Iledera,  849 

Hedgehog,  early  forms  of,  841 
Heeisien  (Syst^me),  849 
Htlderberg  formation  (lower),  692;  (upper), 

705 


Hdianihader,  696 

HdicoeeroB,  807 

Helicotoma,  666 

ndiolUe$y  668 

Helix,  857,  866,  875,  898 

HelUidolherium,  863»,  872 

Helvetian  Stage,  868 

HemiatpU,  664 

Hemiastery  804 

HemiboB,  880 

HemicotmUet,  664 

Hemipedina^  T7H 

HemipneugUs,  804 

Hemisphere,  Southern,  excess  of  deumtf 

in,  12,  43 
Hempstead  Beds,  856 
Herculaneum,  destmetion  of,  233 
Hesbayan  mud,  887,  897,  898 
HegperomU,  811,  812* 
J7eeeroc^t(«,  866 
Heterohym,  840 
HeterojSiyUi  (Ammonites),  784 
Hettangien,  798 
Hexaerintu,  700 
JETexoprofodon,  880 
Hickory,  fossil  forms  of,  804, 871 
High-water  maik,  419 
HiUs  of  ciroumdenndatioa,  924 
Hils  rConglomerat  und  Thon),  828 
Himalayas   (we   India),   height   of,    S6; 

snow  line  of  the,  403;  ancient  gtaoisn 

of,  901 
HimafUopienUy  682 
Hipparion,  871* 
Htf^herium,  866,  876 
Htppothoa,  665 
Hippurites,  806,  807* 
Hippuritic   province    of  the   GMaoeoua 

rocks  of  Europe,  814,  826,  890 
Hippuritidx  as  type-fossils  for  (Tietsoeoos 

rooks,  806 
Hippohyus,  880 
Bippopodium,  774,  776* 
Bippopotamodon,  880 
Hifif)potamu$,  fossil,  865,  872,  891,  905 
HtMHoaerma^  657 
Hoang-Ho,  area  of  basin  of,  444 ;  anmml 

discharge  of  sediment,  444 
Hoar-frost  removes  impnrities  frtooi  the 

air,  331 
Hog,  first  appearanoe  o(  864 
JETo/o^tor,  804 
Bolectynu$j  793 
Hollana.   oscillations  of  level   in,  281: 

sand-dunes  of,  324 ;  delta-fonnatioo,  389 
JJoIopira,  666 
J7o2opeIla,  666 
HoU^yehiui,  699,  710 
Homahnohu,  664,  667,  677*,  696,  GST* 
Eomocamelui,  881 
Homotaxis,  doctrine  of,  617,  619 
Hone-stone,  122 
Hoptopart'a^  846 
HorijDons  in  geological  reoord,  635 


Digitized  by 


Google 


INDEX. 


951 


BLombeun,  foflail,  889,  877 

Jlorablende,  74 

Hornblende-rock,  121, 126 

Homblende-Bchist,  121,  126 

Homstone,  117 

Homwort  (Cer<UophvUum)y  fofldl,  875 

Homy  texture  of  rocks,  87 

Horse,  genealogy  of,  625,  841,  842,  872  ; 
three-toedforms  of,  841,842, 868, 869, 872 

Human  period  in  geology,  888 

Humos,  formed  from  decomposing  vegeta- 
tion, 805,  453,  458;  supplies  organic 
acids  to  spring  water,  847 

Humus  Aoids  (tee  Organic  Acids) 

Hundsrilckien,  702 

Hungary,  volcanoes  of,  255, 861 ;  glaci^re 
in,  346 

Huron,  Lake,  terraces  of,  901 

Huronian  rocks,  645 

HymnoBchus,  856 

EffKna,  fossil,  878,  898,  905;  in  glacial 
period,  891 ;  as  a  type-fossil,  616 

HytBnaretoSj  864,  876 

^Knictis,  878 

£tf itmodofi,  856,  869 

MydlitUa,  857 

Hvalomelan,  149 

mfhodus,  763, 775,  807 

BydtupUherium,  880 

Hydration  of  minerals,  388 

Hydraulic  pressure  of  waves,  429 

Hydr6Ha.67^ 

Hydrooaroons  emitted  from  earth's  crust, 
58.  201,  286 

Hydrooqphalus,  659 

Hydrocnloric  add  at  volcanoes,  200 

Hydrofluoric  acid,  use  of  in  pelzographical 
analysis,  192 

Hydroflnosilicio  acid,  use  of  in  petro- 
graphical  analysis,  193 

Hydrogen  in  earth's  interior,  58 ;  in  crust 
and  envelopes,  57;  at  volcanoes,  58, 200, 
252 ;  sulphuretted  in  spring-water,  847, 
351 ;  sulphuretted  at  volcanoes,  201, 285 

Hydro-mica-sohists,  120, 128 

HyUsosaurus,  817 

Hylonomut,  754 

tiymenophyUitei,  748 

HydiihuB,  658,  666 

Hyopotamtis,  841,  857,  869;  as  a  type- 

foesil,  616 
Hyotherium,  868* 
Hyperodapedon^  763 
Hyperaihene,  77 
Hypersthenite,  150 
Hypogene  action,  196 
Hypmophodon^  817 
HypHprimnopiU,  768 
mfradiiuSf  856 
Hyraeodon,  869 
Hyracotherium,  840,  857 

Hythe  Beds,  818 


Ibex,  fossil,  898 

Ice,  effect  of  on  climate,  25 ;  effect  of  on 
temperature  of  earth's  crust,  46 ;  kinds 
of,  110;  terrestrial,  400  (see  Glaciers): 
of  rivers  and  lakes,  401 ;  on  the  sea, 
423 :  of  the  ice-foot,  424 ;  of  floes,  424 ; 
erosion  by,  413,  434,  884, 886 ;  transport 
by  on  the  sea,  436 ;  contortion  of  strata 
by,  480,  488 

Ice-age,  883  (see  Glacial  Period) 

Icebergs,  fonnation  of,  407,  425;  geo- 
logical action  of,  434,  436 

Ice-cap,  effects  of  transference  of  polar,  18, 
275 

Ice-falls,  404 

Ice-foot,  111,  424,  436 

Ice-sheet  of  glacial  period,  thickness  of, 
886 

Ice-worn  features  of  rocks,  414,  416,  884 

Iceland,  transport  of  wind-borne  volcanic 
dust  from,  219, 826 ;  sinter  beds  of,  354 ; 
volcanic  phenomena  of,  214,  219,  224, 
230,  236,  249,  259,  261 

lehihyomiB,  812,  813* 

IchthyoeauruB,  767,  777,  781*;  as  type- 
fossil,  615 

letitheritm,  878 

Idaho,  Uva-flelds  o(  209,  256,  261 

Idocrase,  79 

Igneous  (erujptive)  rooks,  108,  129,  535; 
metamorphism  of,  587 

IgwModon,  807,  811* 


Ilfracombe  Group,  699 

iOamopns,  667 

lUmnunu,  660 

nUenus,  664,  665*,  667 

Umenite,  69 

Imatra-stones,  488 

Impervious,  defined,  844 

Inclination  of  rocks,  509 

Incrustations,  calcareous,  854 

Indertsch,  Lake,  salinity  of,  898 

India,  volcanic  plateau  of  Deccan,  258; 
heavy  rainfall  in,  369;  coast  bars  of, 
387;  cydone  waves  of,  428;  Arohiean 
rocks  of;  646;  Silurian,  693;  Triassio 
770;  Jurassic,  801;  Cretaceous,  881; 
Cretaceous  conformably  and  continu- 
ously followed  by  Tertiary  strata  up 
to  Pliocene,  879;  Eocene,  852;  Kiocene, 
869 ;  Pliocene,  879 ;  Glaciation  in,  901 

Induration  of  rocks,  by  meteoric  influences, 
888 ;  by  intrusion  of  eruptive  rock,  573 

Indus,  mud  volcanoes  of,  245;  alluvial 
forms  o^  881 

Infiltration  products,  72, 167 

Infta-lias,  776 

Infra-littoral  deposits,  438 

Inftisorial  earth,  168.  461 

Inoceramui,  799,  805,  806* 

Insect-beds.  787,  798 

Insects,  fossil,  710,  738,  775,  780.  786,  792, 
796, 798,  800 
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Intcrbedded  erapti?e  rocks,  535,  562 

IntcrglaoUl  Beds,  800,  890 

Interglaoial  periods,  29, 890 

Intriuiive  eniptiye  rocks,  535,  538 

luveraon  of  stmto,  518, 616,  746 

Inzeradurf  Tegel  (Vienn*  basiD),  877 

lolite,  79 

Ireland  (see  Britain) 

Iriartea,  846 

Iron,  59,  64,  67;  natife  in  rocks,  64; 
in  meteorites,  9,  64 ;  ik>w  of  solid,  in 
Trosca's  experiments,  818;  oxides,  67, 
115, 174 ;  oxidation  of  in  minerals,  332 ; 
deposits  of  oxide  from  sprlnn,  350, 
354 ;  in  bogs,  462 ;  beds  of  as  indioations 
of  former  organic  aoUon,  463;  titanic, 
69;  carbonate,  83, 116,  175,  350;  phos- 

ghate,  84;  snlphate,  850;  di-sulphide, 
5,352;  bogore,174 

Iron  Age  or  Period,  902 

Iron-ore  in  Arohaan  rocks,  639 

Ironstone,  115 ;  with  coal  and  shale,  720 ; 
and  organic  remains,  720 

Irrawad^,  mineral  matter  in  water  of, 
370 

Itadrma^  77S* 

/M^ada0s,663 

Isohia,  Tolcanio  history  o^  209 

/MAyodttt,775 

XNs^potaimis,  795 

Jsooardia,  806,  876 

Isoclinal  stmcture,  518, 746, 915 

Isogeothermal  lines  or  Isogeotherms,  46, 
287,289 

J«o(WtM,678 

Isothermal  lines  or  Isotherms,  426 

Isotropic  crystals,  100, 189 

Itacolumite,  128 

Italy,  oeeiUation  of  level  of,  281  ;  delta 
formation,  390;  temperature  of  lakes, 
392;  Ute  upheaval,  870;  volcanoes  of 
CVntral,  209,  240,  259;  Pliooene  de- 
posits of,  871,  877;  enatio  blocks  of, 
412 

X^tmtm,,  744 

Jitmiriu  SiO,  878 

Jas|w>r«  117 

J«v^  vokank  phi-nomeoaof,  206, 217, 233, 
242;  Valk^y  of  Death  in,  235 

Joints,  cause  oC  315 ;  in  stratifled  rocks, 
501;  in  massive  rodos,  505;  inschiitoee 
rodcB,508;  infliMDce  of  in  the fonnation 
of  waterfidls  and  ravines,  376,  379 ;  of 
8paoclit&,  433 ;  impoitanoe  of  in  scenery, 
924  , 

Jo11t*s  SDTttu;  balanco,  93  ■ 

JoruUo^kn-aof,  230 

JwohHs.  844x  859,  ^62 

Ju|Htrr,  plaaH,  8  j 

J«mMoaataiiuk(«tatkUo^or,412,413:   i 
•tmc^ttrc  ot  91S«  915 

Jaraawe  sy«*na,  771;  allmatiott  of  stiaii   ' 
itv  4AV  4*i,  773  ! 


Kames,892 

KampecariSy  710 

Kanda,  delta  of  in  Lake  of  Than,  385 

Kaolin,  81 ;  resulting  from  rotted  grsoiite, 

386 
KelUways  Bock,  793 
Kentucky,  Mammoth  Gave  of,  356 
Keokuk  Group.  750 
Keuper  Sandstones,  764 
Kbotan,  dust-drift  of,  322 
Kiesehdnter,  117 
Kimmerids:iEkn,  794,  797 
KinderhooK  Group,  750 
Kingena,  818 
Kinxigite,  125 

Kirgis  Steppe,  salt  dqiosits  of^  111 
Kiikby  Moor  flags,  684 
irir&6ya,724 
Kirthar  Group,  853 
Kissingen,  mineral  water  o(  351 
Kjokken^nodding,   or   shell -mounds    of 

Denmark,  909 
faorrto,  700.  728 
KnoteDschiefiar,  122,  580 
Koli  Group,  688 
Kossen  Beds,  769 
Kressenberg  Beds,  852 
Kupferaohiefier,  751, 759 
Kutorginoj  652 
Kyanite-rook,  125 

Labrador, anchor^oe  oL  425;  tenmeEatoro 
oi;426 

Labrador-pocphyiy,  145 

Labradotite,  72 

lAbyrinthodonta.  732,  753,  763 

«« Laoocdites '*  of  Utah,  546 

Xpocooptorts,  828 

Lao^tilian  r^>tiles,  early  forms  o(  754, 
763 

Laoustrine  deposits  (sse  Lakes) 

L«kenien,850 

Lteiapt,  SIX 

Lago  Maggiora,  d<^th  oi;  392 

Lago  Sabatino,  tempeiatarD  ot,  392 

Lagomf$ySlS 

Lasooib4)aiiiers,  formatioQof,  385 

Lake  Bonneville  (ancieDt  extenakm  </ 
Great  Salt  LakeX  lustorr  oi;  395 

Cooio,  erratics  around,  412 

Erie,  future  lowering  of,  378 

Geneva,  temperature  of;  392;  sob- 
aqueous  terraees  oi;  394 ;  alleged  lower 
level  01,394 

Huron,  temees  of,  901 

Lahootan  (CtahX  395, 400 

Lueeme,  crumpled  rocks  cC,  520 

Kichigao,  duiMS  ot,  324 

NeolcMtel,  erraties  of,  412 

Superior,  area  oC  392,  dunes  of,  392 : 

temaces  oC  393,  901 

Thun,  alluvium  o(  385 

Lak»4wellii«s,  909 

Lake-off«>,  74 
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Lake-temuses,  901 

Lakes,  abundant  in  noHhem  part  of 
northern  hemUobere,  417,  888,  927; 
must  generally  be  of  recent  origin,  894 ; 
not  jiart  of  the  ordinary  erosion  of 
mnmng  water,  391 ;  modes  of  origin  of, 
926;  formed  by  volcanio  action,  230, 
240;  by  pondine  back  of  Btreams  by 
lava,  230,  927 ;  by  subterranean  move- 
ment, 395,  926;  by  subsidence  from 
solution  of  rook-salt,  355 ;  by  subsidence 
from  falling  in  of  roofs  of  caverns,  357 ; 
by  barriers  of  detritus  or  of  ice,  927 ; 
by  glacier-erosion,  417,  888,  927 

fresh-water,  891 ;  temperature  of, 

392;    saline   (salt    and   bitter),    395; 
frozen,  401 

'  geological  functions  of,  392 ;  equa- 
lize temperature,  392 ;  regulate  drainage, 
892;  fflter  river-water,  373,  393;  are 
filled  up  by  streams,  385;  inorganic 
deposits  of  (beaches  and  terraces),  385, 
393, 394, 395, 901 ;  chemical  deposits  of, 
174,  394, 462 ;  organic  deposits  of,  394 ; 
turned  into  peat-mosses,  460 ;  preserva- 
tion of  organic  remains  in,  604 

affected    by   earthouakes,    272; 


former  existence  of  shown  by  fossils,  612 

Lamantin,  early  species  of^  865 

Laminn,  474 

Laminated  structure  of  rocks,  88 

Lamna,  807,  840,  842*,  876 

Land,  distribution  of,  35;  elevation  of, 
274 ;  subsidence  o(  281 ;  origin  of  great 
ridges  of,  286;  composed  mostly  of 
marine  formations,  910 ;  due  mainly  to 
upheaval,  910 ;  but  the  contours  chiefly 
the  work  of  erosion,  911;  origin  of 
contours  of;  913;  some  features  of  due 
to  volcanio  action,  920 ;  preservation  of 
organic  remains  on,  604;  proximity  of 
in  geological  history  shown  by  fossils, 
612,  613 

Land-sculpture,  921 

Land-snail  limestone  (Miocene),  866 

Land-snails,  earliest  known,  732 

Land-surfaces  shown  by  fossils,  612 

Landenien  (Syst^me),  849 

Landslips  pioduoed  by  earthquakes,  271, 
272 ;  by  solution  of  rock-salt  beds,  355 ; 
by  percolating  water,  357 ;  effects  of  ou 
river  action,  368 

LaotauruM,  801 

Lapilli,  162,  205 

Larnmie  group,  832,  833 

Lattrtea,  858 

Laurel  (LatfrtM),  early  forms  of,  829,  845, 
855,  860.  862,  871,  877 

Lauientian  rocks,  638,  640, 645 

Lava,  definition  of,  203 ;  order  of  appear- 
ance of  kinds  of,  253, 265 ;  impregnation 
of  with  vapours,  203;  specific  gravitv 
of,  204;  structure  and  texture  of,  204, 
219,  228;  liquidity  of,  211,  219,224; 


temperature  of  liquid,  227,  277 ;  aspect 
of  flowing,    219,    228;   flow   of,    220 
hydrostatic    pressure    of,    213,     221 
•»  geysirs  *'  of,  222 ;  rate  of  flow  of,  223 
consolidation  of,  105;  crystallization  of, 
226;  devitrification  of,  227;  metumor- 
phism  by,  227,  231 ;  size  of  flows  of, 
224;    inclination  of  flows,  228;  thick- 
ness of  flows,  224,  228;    structure  of 
flows,  228 ;  contraction  of,  229 ;  vapours 
and    sublimations    of,  229,  298;    slow 
cooling  of,  46,  229  ;  weathering  of,  232 ; 
mud  (see  Mud-la vn) ;   influence  iu  topo- 
graphy, 230 

L<iva-cones,  215 

Lead,  flow  of  solid,  313 

Leaia,  724 

Leda,  723,  847,  869,  875,  895* 

Leiodojiy  SOS 

Leithakalk.  867 

Lemming  in  Glacial  Period,  891,  906 

Lemuria,  supposed  submerged  continent 
of;  283 

LenitOj  S50 

Leopaid,  during  Qlacial  Period,  891,  906 

Leperdiiia,  658,  661,  724 

L«pidatier,Ge^ 

L^idodendron,  708,  715,  725,  728,  729* ; 
as  a  type-fossil,  615 

LepidoUte,  73 

Lepidoplhloios,  728 

LepidophyUumf  734 

Lepido$trdbu9,  728,  729* 

L^[ndoto9auru$^  753 

LtspidoUts,  775,  817 

LepUena,  665,  679*,  696,  773,  775*,  789 

LeptodomuB,  723 

Lepiodonf  SIS 

Leptdlepis,  775 

Lejfftomenjxf  869 

Leptophleum^  70S 

Leptynite,  125 

Lettenkohle,  767 

Leucite,  78, 99 

Leudte-rocks,  150 

Leucitophyre,'  150 

Leucoxene,  69 

Lewisian  gneiss,  640 

Lherzolite,  151 

Lias  formations,  785 ;  zones  of,  621 

Liassien,  798 

LibeUtda,  786 

lAbocedrw,  862 

libumian  Stage,  852 

Licha%,  664 

Life,  geological  action  of,  452 ;  succession 
of  in  Geol<^cal  Record,  615,  631 

Lightning,  eifects  of,  318 

Llgnilites.  313 

Lignite,  170 ;   formation  of,  306 ;    inter- 
glacial,  899 

Lignitic  Series  of  North  America,  625, 832, 

Lima,  762,  774,  776*,  806,  847 
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Limburgite,  151 

Lime  Carbonate  (nee  Galeium  Carbonate) ; 

—  Phospliate,  84 ;  in  shells,  169 ;  in  in- 
vertebrates, 608 ;  in  vertebrates,  608 

Sulphate  (see  Gypsum) 

Lime-tree,  early  species  of,  847 
Limestone,  petrographical    characters  of, 

111,  166;  connected  with  serpentine, 
152 ;  development  of  crystalline  struc- 
ture in  by  mfiltratlon,  107,  109,  112, 
155, 166, 167 

formed  of  organisms,  166 ;  of 

annelides,  722;  of  polyzoa,  723;  of 
orinoids,  722 ;  of  foraminifera,  838 ;  de- 
posited chemically,  353 

-  conditions  for  formation  of,  490, 


498 ;  persistence  of,  492,  741 

weathering  of,  178 ;  weathering 

reveals  fossiliferous  nature,  and  re- 
lative purity  of,  335,  837;  solution  of, 
in  river-water,  369;  red  loam  of 
weathered,  337;  caverns  dissolved  out 
of,  355 

— — —  Hall's  experiments  in  Aision  of, 
291;  altered  into  marble,  291,  304 ;  into 
dolomite,  305 

Limestone-shale  (Carboniferous),  787 

Xtmnca,  796, 855* 

Limonite,  characters  of;  68,  116;  aa  an 
index  of  alteration,  107 

Limop$i$,  847,  848 

UMila,  655, 665, 669*,  679*,  718, 723,  756, 

Lingolft  Flags,  655 

LingtdeOa,  651* 

Lions,  early  species  of,  869 ;  during  Glacial 

Period,  891,  898,  905 
Jjiodraeuty  65$ 
Lipari  Islands,  volcanic  phenomena  of,  208, 

210,  242 
Liparite,  137 
Liquid:  inclusions  of  in  crystals,  GO,  96, 

132,  135 
Idquidambar,  838,  862*,  871 
Liquidity  of  rocks,  104 
Li9triodan,880 
Lithia-mica,  73 
Litholoffical  oharaoters,  86;  insufficient  for 

the  identification  of  formations,  614,  616 
LUhopkaga,  798 
Liihami»,MO 
LUhottrotion,  721* 
Litoriwh  874 
Litorinella,  866 

Littoral  deposits,  organic  remains  in,  606 
Lituite$,  666,  679* 
LitdtUma,  846 
Llandeilo  Group,  668 
Llandovery  Group,  661,  670,  674 
Loam,  840 
Loch  Fyne,  manganese  nodules  on  floor 

of,  446 

Lomond,  temperature  of,  392 

Lodes  (Me  Mineral  Veins) 


Loess,  formation  of,  322,  384,  897;  of 
Danube  and  Rhine  plains.  897:  of 
Thames  Valley,  908 ;  suggested  oannec- 
tion  of  with  eiaciatiou  ofEiir(^>e,  887 

Loeas-Puopen,  Loess-Manohen*  488 

Lonar  Lake,  of  vdicanic  <»igin,  240 

Lonchopteri$f  734 

London  Clay,  845;  flora  of,  838 

Lougmynd  rocks,  654 

Longulites,  101 

Lontdal^ia,  722 

Lophiodon,  840,  857,  869 

jAtphiomeryXy  856 

L^phodWy7G5 

Louche  (Lenk),  mineral  springs  of^  S55 

Loup  Biver  Group  (Tertiary),  881 

Lowther  Group,  671 

Low-water  mark,  419 

XoxocioR,  880 

Loxommay  733 

Loxonema^  668,  697,  723,  762 

Lucca,  mineral  waters  of,  351 

Lueinoy  697,  840*,  876 

Ludlow  Group,  680 

Luidi€h  789 

Lustre  as  a  character  of  rooks,  92 

Luira  (Gtter),  874,  876 

Lyoopods,  earliest  known,  662 

Lydimn  stone,  117, 161 

Lyg(nodendron^  735 

Xy^iim,  803,  888 

Lynton  Group,  699 

Lynx,  during  Ghioi«l  Period,  891,  906 

IjrruNfemirofi,  806 

Z^rrodMina,  676 

Lyioomu,  784, 789*,  791* 

MaoaeuBySSO 

Maoalubas,  234 

Madmirodm.  864,  875,  878* 

Macigno,  852 

Jfoolnreo,  666 

Jfa«focAei^  697,  723 

Macromerite,  90 

Maerop^aliehtkyty  705 

Maeromit,  840 

Macrosoopio  characten  of  rocks,  86, 17€ 

Macro$laekyaj7dS 

Maerolkeriumt  863 

Maorourous  cmstaceaos,  724 

3fa<!ifa,  862,  873 

Madison  Biver,  Montana,  allovial  Aom  cC 

382 
Madrepores,  earliest  known,  801 
Maes,  sediment  in  water  of  the,  370 
Maastricht  Chalk,  827,  885 
Magma  or  paste  of  ciystalline  rodo,  87 
Magnesia-mica,  74 
Magnesian  Limestone  of  Britain,  7S5  «« 

Dolomite) 
Magnesium,  59 

Magnesium  Carbonate,  preoipitatioo  ni^  3S» 
-'  Chloride,  inflnenoa  of  in  |kv- 


Digitized  by 


Google 


INDEX. 


955 


matkn  of  doJomite,  305,  399 

of  in  some  salt  lakes,  399;  facilitates 
'  deposition  of  sodium  chloride,  399 
Magnetism  of  rocks,  93 
Magnetite,  68, 116 
Maqnolia,  803,  838,  860,  862 
MaOolai,  800 

Malm  or  Upper  Jnra  of  Germany,  798 
Mammals,  limited  geologiod  range  of,  612 ; 
character  of  Ek>cene,  616 ;  earliest  forms 
of,  763 :  mnximnm  development  of,  838 ; 
great  extinction  of  large  types  of  during 
the  Glacial  Period,  838 
Mammaliferous  Crag,  873 
Mammoth  in  Europe,  891 ;  fifi^re  of  carved 

on  ivory  by  cave-men,  905* 
Man,  geological  action  of,  471 ;   earliest 

traces  of.  898,  902 
Manchbar  Group  (Tertiary),  869,  879 
Manganese^  69;  deposits  of  on  sea  floor, 

440,469 
Bfangrove  swamps,  growth  of,  456,  461 
JllaHi«,869 
Mani$auru$y  834 
Jlfanoii,804 
Maple,  fossil  forms  of,  808,  804,  839,  868, 

871  {jsee  Acer) 
Marble,  characters  of,  113;  produced  by 
metamorphism,  304,  577,  ^9;  artificial 
formation  of,  292 ;  efiaoement  of  monu- 
mental inseriptiimB  on,  332 
Marcasite,  85, 123 ;  as  a  petrifying  medium, 

610 
Marcellus  Group,  704 
Marelia,  850 
Margarodite,  74 
Margarodite-schist,  124 
MargineUoy  846 

Marine  transport,  434;  deposits,  various 
kinds  of,  436 ;  chemical,  437,  469 ;  me- 
chanical, 437;  organic,  461,  463,  469; 
littoral,  437;  infra-littoral,  438;  abys- 
mal, 438 
—  denudation,  exaggerated  ideas  of, 
447;  mteof,447;  plain  of,  461 

erosion,  427;   guided  by  geological 

structure,  431 ;  aided  by  meteoric  agents, 
432 

organisms,  superior  pakeont(^ogical 

value  of.  611 
Mari  (fresh-water),  463 
Marl  lakes,  894,  463 
Marl  Slate,  751,  755 
Marmarosis,  577 
Marmot,  fossil,  898,  906 
Marne,  floods  of  the,  359 
Mames  de  Hauterive,  829 
Mames  iris^,  767 
Mars,  planet,  8 
Marsh-gas  at  volcanoes^  201,   in  spring 

water,  347,  350 
Marsupials,  eariiest,  763, 782 
ManupioeriniteSj  678 
Mar$upUe9t  805 


Marte$f  875 

Martin,  earliest  known,  856 

Massive  rocks,  109, 129 

Masai  ve  structure  of  rocks,  88 

Mastodon,  861,  863,  864*,  873 ;  as  a  type- 
fossil,  616 

Mastodonsaurus^  763 

May  Hill  Sandstones,  674 

Mj\yence  (Tertiary)  basin,  866,  876 

Stage.  868 

Medina  Group,  692 

Mediterranean  basin,  volcanic  phenomena 
of  ($ee  Etna,  Vesuvius,  Lipari,  Italy); 
Cretaceous  rocks  of^  880 

Mediterranean  Sea,  increasing  salinity  of, 
33;  fine  sediment  in  vrater  o^  436; 
calcareous  deposit  on  shore  of,  437; 
delta  formations  in,  390 ;  local  alteration 
of  water-level  of,  328 

Mediterranean  Stage  (Miocene),  867 

MegaceroB  (Irish  Elk),  906,  908 

Megalaspitf  687 

Megalichthys,  740 

MegcUodon,  697.  698* 

Megalotaurus,  779,  782*,  807 

MegcUuruB,  800 

Meaaphytan,  734 

MOampus,  832 

Melanerpeton,  754 

Mekuiia,  817,  840,  841*,  855 

Melanopns,  845,  856,  877 

Melaphyre,  145 

ire^880 

MeUivoroy  880 

Mddonikiday  775 

Melon,  early  forms  of,  838 

Memhranipora^  850 

Menaocamte,  69 

Mendip  Hills,  old  shore  lines  around,  486, 
493,  494 

Menevian  Group,  654 

Mercury,  planet,  8 

Mercury  iodide,  use  of  in  petrographioal 
analysis,  193 

MeritUUa,  665,  670,  679* 

Merychippus,  881 

Merycopotatnus^  880 

M€9ohippu8,  869 

3f««olept«,  732 

Me$opithectu,  872* 

Mesozoio  systems,  759 

MetalloidB  in  earth's  crust,  57 

MetaU  in  earth's  crust,  57;  native,  re- 
duced from  metallic  salts  by  organic 
acids,  453 

Metamorphic  rocks,  characters  of,  108, 118 

Metamorphism,  definition  of,  571 ;  causes 
of,  572,  582;  conditions  required  for, 
303 ;  varying  effects  of,  303,  582,  686 ; 
experiments  in,  300 

—  examples  of  petrogrephical  cha- 
racters of;  114,  118, 120,  124, 127, 128, 
129,134,  152, 159, 164 

produced  by  heated  water,  298, 582; 
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bjYoleuiio  Tipoon,  235;  bjlft?m,227: 
Ij  iJiitoiiie  erppiiTe  toAe,  572;  reU- 
tkoa  of  to  eniptiTe  rocks  in  genenly  306, 
541,  544,  546,  550,  55a,  561,  587;  lek- 
tion  of  to  orami^iiig  of  the  earth't  cnut, 
308 ;  rel«tioD  of  to  Tolcanie  aetioii,  308 

HetunoipbiBm  {amlinued),  oontact  or  locftl, 
572,  581,  703;  reffioDal,582;  examples 
of  in  SUnrian  rodcs,  583, 672, 673,  685, 
687;  of  Deronisn  rocks,  708;  of  Gie- 
tsoeons  rocks,  833,  919;  of  eraptife 
rocks,  587 

Meteorites.  9,  64, 76 

Mease,  delto  of,  389 

Meximieax,  flom  of^  871 

Miascite,138 

Mica,  73 

Mica-pssmmite,  158 

Mica^hist,  123, 126 

Mica-trap,  139 

Micaceous  Instre,  92 

Micaoeons  sandstone  distinguished  from 
mica-schist,  124 

Michdinia,  722 

Mieratter,  804,  805* 

Mierobaeioy  80^ 

MicroehMruB,  841,  857 

MicrooUne,  72 

Microcrystalline  structure  of  rooks,  87 

Mierodi$cu$,  649*,  651 

Mioroleiiei,  763 

MicroUths  (iea  also  CiystaUitee),  101, 122 ; 
artificially  superinduced  in  glass,  301; 
in  clay  slate,  583 

Miorolitbicstruotureoftmchytmd  rocks,  181 

Mioromerite,  90 

Microscope,  use  of  in  geology,  187 

Microscopic  ioTestigation  of  rooks,  182 

■^—  structure  of  rocks,  94 

•^—  slices  of  rocks,  preparation  of,  182 

Mierotheriumf  868 

jlft7u>2a,  850 

Millstone  Grit,  737, 748 

Mimo$a,  862 

Ifineral  kingdom,  transferences  between, 
and  atmosphere,  452 

Mmeral  tar,  172 

Miueml  veins,  591 ;  variations  in  breadth, 
591 ;  structure  and  contents,  592 ;  sim- 
ple and  compound,  592;  varieties  of, 
593;  successive  infilling  of,  598;  water- 
worn  pebbles  in,  595;  connection  of 
with  mults  and  fissures,  595 ;  intersec- 
tion of,  595 ;  relaticm  of  to  surrounding 
rock,  596 ;  relation  of  to  thermal  waters, 
848;  decomposition  and  reoomposition 
of,  597 ;  origin  of,  598 

Minerals  of  chief  importance  in  earth's 
orust,  60;  modes  of  origin  of,  115; 
produced  by  metamorplusm,  577,  579, 
582,583 

Minette,  139 

Miocene,  definition  of,  836 ;  description  of, 
861 


JmmmtjnUmf  INK9 

Mio-jMioeene,  866 

Mknsdppi,  slope  of,  363;  imtio 
disdiarge  d^  and  ninfidl  of  liami,  30; 
annual  discharge  of  swfimettt  by,  S7I, 
444;  rate  of  reopasinn  of  FaDs  of  8t 
Anthony  od,  878;  rata  of  endem  by, 
444;  area  of  modem  aUavima  oi,98S: 
earthquakes  in  valley  ai,  271, 273 ;  httm 
of,  384;  bars  and  mod  hmps  d,  996: 
delta  of;  389:  aotioo  of  erayftih  am  em- 
bankments of,  455 

Missouri,  ratio  of  disdiarge  and  rainfidl, 
361;  sk>peoi;363;  xafts  of;  368 

irOro,  840,  862,  881 

Modiola,  723, 774, 806,  847.  878 

Modiolomii,  652,  665, 679* 

M<^t  Black  Shale  Groim,  GTl 

Moflette.235 

Molasse  (Bwitieriand),  860,  867 

Moldavia,  petroleum  of;  173 

Mole,  earliest  known,  856;  geoloeieal  wotk 
of;  455 

Molluccas,  volcanoes  of,  208 

Mollusoa,  value  of  as  fosnls,  611 

Monkeys,  earliest  fbrms  of;  840 

Monoclines,  515, 526, 913 

Monocotyledons,  eariiest  known,  7S1 

Monodon^  875 

Jfonoorapfiii,  668* 

Monoliths,  defined  by  joint-stmotvf,  506 

Jfoiiofa,  762, 774 

Mont  Blanc,  &n-shaped  structure  in,  319; 
glaciers  of,  405,  406 

Monte  Nuovo,  208, 215, 243 

IfoNl^Mtpora,  668 


^  ^ontien  (SystkneX  848 

lf(    


^orUUvdlUaj  773* 
Monaoni,  remaricable  local  : 

at,  578 
Monzonite,  578 

Moon,  the,  8 ;  inflnenca  of  in  tides,  51 
Moorband  nan,  a  formgiiioiis  dt^poml  is 

nndrainea  land,  854 
Moraine-profonde,  411, 888 
Moraine-stufi;  154 
Moraines,  409,  888 
iforotoariM,  801 
Morse,  early  fbrms  of,  865 
ilfoMuattnw,  808 
Moselle,  craters  of  the,  210;  gQiseai;S73 

transport  of  gmvel  by,  367 
Mosses,  destructive  actkn  of;  43;  pr> 

dpitate  oalo-siDter,  461 
Moth,  oldest  known,  732 
Moulins  of  glaciers,  415 
Mountain  •  chains, 

land  surface,    37,   924; 

direction    with 

characters  of,  87,  913;  origin  oC  S>v> 

types  of  structure  aaoog,  913;  aofts  «f 

comparing  relative  ages  oC  918;  |ar^ 

oxjrenud  elevatioa  of  919;    apUII  «< 

may  have  been  slow,  920 


dfrminaat    part^  •/  s 


eontiasDtB,     S5.    K: 
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Mouniain-makiiig  in  Tertiary  time,  836, 

879 ;  a  slow  process,  870,  920 
Moontain  Limestone,  738 
Moume  Honntains,  granite  of,  542 
Moya,  or  carbonaoeons  Tolcanio  mud  of 

Qaito.  233 
Mod,  160 

Mnd-lava,  203,  282,  234,  245 
Mod-lompe  of  Mississippi,  386 
Mudstone,  161 
Mud-yolcanoes,  234,  245 
JlfMre^Moiita,  666,  697,  753 

Murex,  793.  862.  846,  854,  805,  881 

Mus  (Mouse),  875 

Aftt«a,846 

Mnachelkalk,  768 

Maacovito,  73 

Moak-deer.  868 

Musk-rat,  earliest  known,  856 

Mosk-sbeep  in  Glacial  Period,  891,  898, 
906 

JIf  ttstelo,  878 

3^874,897 

Mwdina,  741 

3fyUobate$,  840,  857 

mfogcUe  (water  shrew),  875 

Myophoria,  161 

Mjiiapods,  earliest  forms  of,  710,  732 

Myrieaeem  (Bog-myrtle),  fossil,  803,  839, 

862 
jtfjp^tM,  862 
mmwachne^  856 
MytUoB,  676, 756, 777*,  866,  878,  879 

Kagelflnh  (Oligooene),  860 

Naphtha,  172 

Naples,  upheaval  in  Bay  of,  277 

Napoleomte,  143 

Nari  Group,  852 

iVaMa,873 

Naiiea,  723,  762,  774,  779*,  806,  840,  844, 

895* 
iVo/ioeOo,  762 
NmiiUm,  666,  700,  724,  725*,  753.  762*, 

810»,846 
Nebols.  composition  of.  10 
Nebular  hypothesis,  6, 18 
Nooks,  volcanic,  143, 163,  558 
Neeroearcinw,  819 
NeenkmuTf  856 
Negative  crystals,  96 
Nmacanthus,  767, 790 
Nmaiophycui,  062 
NmatoptychiuB,  740 
NeoooDuan,  814,  816,  824,  828,  829 
Nooffone,  or  younger  Tertiary,  836,  861 
NeoUthio  deposits,  906 
Nepheline,  78, 97 ;  detection  of;  193 
Nepheline-rodcs,  150 
Neptune,  planet,  8 
Neptuniits  and  Plutoniste,  298 
NmUei,e6i 
NerifmOf  793,  806 


NerineeaSchichtcn,  799 

Nerita,  779»,  866 

Neritina,  845 

Neseuretm,  655 

Netherlands  (see  Holland) 

Neuroptera,  early  forms  of,  732.  780*,  786 

NeuropterU,  708,  726,  727»,  756 

Ncvaaa,  volcanic  phenomena  of,  209 ;  salt 

lakes  of,  400 
"  Ne'v^,'*  or  snow-ice,  110 
New  England,  regional  metamorphism  of, 

585 
Newfoundland,  Cambrian  of.  660 
New  Hampshire,  local  metamorphism  in, 

581 
New  Red  Sandstone  (see  Triassic  System) 
New  Zealand,  geysers  of,  236;   volcanic 

action  in,  260;    earthquakes  in,  271; 

raised  beaches  of,  280 ;  Archaean  rocks 

of,  646 ;  Jurassic,  801 ;  Cretaceous,  834 ; 

Tertians  881 ;  glacier  period  in,  901 
magara,  Falls  of,  373,  876 ;  gorge  of  not 

due  to  dislocation,  378;  water  of  fil- 
tered by  Lake  Erie,  373 
Niagara  formation,  692 
Nicol  prisms,  187 
NidtdUei,  663,  670 
Nile,  slope  of,  363;  delta  of,  390 ;  floods 

of,  359 
Nineveh,  accumulation  of  dust  at,  322; 

altered  glass  from,  333 
i^tb6e,655 

Niobrara  Group  (Tertiary),  881 
NipadiUi,  838,  839* 
Nitric  acid  in  rain,  330 
Nitrogen  at  volcanoes,  202 
Nodotaria,  804 
Nodules  in  strata,  488 
Ndggerathia,  734 
Northampton  Sand,  792 
North  Sea,  nature  of  bed  of,  488,  450; 

choked  with  ice  in  Glacial  Period,  887 
Norway  (see  Scandinavia) 
Norwich  Crag,  873 
Noeean,78 
Notho$auru$j  767 
Nototherium,  881 
Novaculite,  122 
Nova  Scotia,  coal-measures  of,  289;  land 

animals  preserved  in  hollow  tree-trunks 

in  coal  measures  of,  496 
Novaja  Zemlja,  elevation  of,  276,  280 
NudeoliUB,  804 
Nuetda,  723,  762,  777*,  819,  847,  855, 

874* 
NuUipores,  protective  influence  of,  456 
Nummulinoj  722 
NummuUteif  838,  839* ;  as  a  type-fossil» 

615 
Nummulitic  Limestone,  upheaval  of,  837 ; 

wide  extent  of,  838,  851 
Nff$$a,U6 
Nyttiay  857 
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Oak,  eTergreen,  fossil  forms  of,  855,  866 
Oak,  fossU  fomui  of,  803,  838,  855,  866, 

871,875 
OMoUo,  650*,  652 
OboZuf,  660 
Obsidian,  140;  alteratiou  of  by  yoloanio 

yaponrs,  285 
Ocean  ($ee  Sea) 

Oceanic  islands,  Toloanio  nature  of,  82 
OdoniapterU,  726,  752 

OdonUfmiihM^  811 

Oeningen  8taBe,867 

(E^iooorpiM,  846 

Oesel  Group,  688 

Oa^ia,  655,  664,  665* 

Ohio  River,  ratio  of  discharge  to  rainfall, 

861 
Oil-regions  of  PennsylYania,  236, 351 
Oil-shale,  172,  740,  799 
Oil-springs,  851 
Oldhamia,  650*,  657 
Oidhaven  Beds,  845 
Old  Bed    Sandstone   System,  693,  706; 

conglomerates  of,  157 ;  Tolcanic  rooks  in, 

718, 715 ;  possible  glacial  detritus  in,  716 
(Hecmdrideum,  772,  828 
OftffisUiis,  660 
Olenidian  rocks,  652 
OUmnu,  649*,  651, 664 
Olenus-schists,  658 
Oligooene,  836,  854 
Oligoclase,  72 
OUva,  840,  865 
Olivine,  77,  81 ;  ejected  bombs  of,  207 ; 

alteration  of,  853 
Olivine^nstatite  rock,  151 
Olivine-rocks,  151 
Omphaoit6,77 
Omifcyma,  664,  677* 
OiM)kii«,666 

Onondago  Salt  Group,  692 
Onydkodnf,  705 

Odite  as  a  kind  of  limestone,  113 
Oolite,  Great,  792;  Inferior,  791 
Oolites,  Lower  Qr  Bath,  790 ;  Oxford,  793 ; 

Upper,  794 
Oohuc  structure,  118. 175 ;  in  Coral  reefs, 

469 
Oolitic  System  (tee  Jurassic) 
Ooie,   167;  diatom,   461;  foraminiferal, 

469;  ladiolarian,  469 
OFaoite,108 
Opal,  66 

OpW(ifn9e<oa,  783, 754 
0^aeto,666 
Ophioglypka,  789 
Ophitic  structure,  131 
Opossum,  fossil,  868 
OppetHa  {AmmimiU»\  784 
(^rCMa,659 
OrdtYoliiMi,  804 
Orbitolitttdkalk,  829 
OrhitoHim,850 


Ore  deposita,  589 

Oreodonts  of  American   Hioeena  nds, 

869 
OrvopO^MMS,  864 
Ores,  592 ;  deposition  of  with 

757 
Organic  acids,  souroea  of,  347,  452; 

of,  174, 453, 463,  470;  paas  into  caita 

dioxide,  453 
Organic  agency  in  elinunatioi&  of  sOkatei, 

152 
Organic  matter  in  csin,  830 ;  in  soil,  338; 

in  siHring  water,  347,  348 
Organic  remains  (see  Fossils) 
Organic  structures  in  rocks,  106 
Organically  derived  rodks,  102,  106, 165 
Organisms,  relative  persistenoe  oi.  611 
Original  minerals,  61 
OriScany  Formation,  692 
Orkney  Islands,  no  raised  beaches  nmaif, 

Oniioxylan,  708 

Ormtkotamu,  811 

Oroso0,664 

Or^M,  651*.  665, 667,  669*,  696.  723 

Or<Afff  no,  660 

Orikooeras,  651*,  666, 667*.  679*.  698.  7:24. 

725*,  753,  764 
Orthooeratites  as  type-fossUs.  615 
Orthoclase,  70 
Orthodase-pori^yry,  138 
Orthoclase-rooka,  ISO,  131 
OrtikoMoto.  665,  679* 
Orthoptera,  early  forms  o(;  710,  733 
OrUmia,  664,  723 
''Osar*'  (Karnes  or  Eskers).  892 
Osborne  or  81  Help's  Bed^  857 
Oramiida,  849,  858 
Ostaoikpu,  709*,  710 
Ostia,  alluvial  growth  at.  390 
Ortreo,  777*,  778*,  805,  806*,  844,  854*, 

855.862 
Ostridi,  fossil,  880 
OtodiM,  807.  840^  842* 
0<(]p<mf.786 
OeozMitlat,  761,  77S 
Otter,  fossil,  864,  874,  876 
Ottrdite  Slate,  122 
Outcrop,  511 
Overlap,  495,  599 
Ortt,  ^0 

Ox,  fossil  fonwof,  872.  880 
Oxford  Clay,  793 
Oxford  Oolites  QOxfof^anX  7» 
Oddatkm  by  ram,  331, 333 
Oxus  River,  diaDge  of  couxse  o^  324 
Oxygnen  in  earth's  Crust,  57 
Orydbtno,  807,  876 
Osone.31 


PckAycormiin.  790 
Pachyderms,  reign  of,  856 
PodkynolodhM,  840 
Ptntyjifcyft— ,  773 
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Paehyiwn'angiumf  682 

PaehvUieea,  682 

Paoiflc  Ooean,  depth  of,  32 ;  drifted  pamice 

of,  436;  volcanoes  of,  253,  2H  259; 

subsidenoe  of  floor  of,  467 
Pack-ice,  111 

Falxarea,  651*,  665,  667*,  669» 
Palxatter,  e64t 
Palxadenna,  650,  651*,  664 
PdbeehinuBy  676 
Pcdmdaphw,  699 
PalxooarU,  724 
PaisBoeaator,  869 
P(Useoch€mi$,S56 
PoZeooomo,  664 
Palxooory8te8,  819 
PdUeoerangony  724 
PoljeodMCfM,  680 
Palffiogene,  or  older  Terliarj,  836 
FaUBOiithic  depooits,  908 
PdUeomeryx,  866 
PaUeonietii,  840 
Palmoniacus^  753* 
PcUxontinOy  775 
Palaeontology,  nature  of,  603 
PdUtonyeteris,  856 
PaUeophiB,  846 
PoliBc^yetis,  658,  662 
Palmoptens,  700,  706,  708, 726 
PiUxopyge,  654 
PcUxoreoB,  879 
PateoiyB,  879 
PoZjtJomitfrtM,  763 
PaUsanrefij  754 
PoZcoe^mtim,  840,  842*,  856;  as  a  type- 

fossU,  616 
PdUeotragui,  879 
Palxozamia,  786 
Palieosoic  rocks,  647 
Palmryx,  857 

Palagonite  toff,  165,  547,  740 
Palaplotherium,  840 
Paletchara,  665 

Palms,  fossil,  804,  838,  855.  866 
Paludina,  796,  817,  845,  874,  897 
Panama,  recent  submergence  of  Isthmus 

of,  283 
PandanuBy  803,  839 
Paniselien  (Sybtbme),  849 
Panopxa,  818.  856,  862,  863*,  874,  895 
Paracy(Uhwif  850 
Paradoxides,  649*,  650,  657,  659 
Paradoxides  Beds,  652,  658 
Paragonite,  74 
Paragonite  schist,  124 
PartSufUB,  842 
Parallel  roads,  892 
Para$milia,  804 
Parexut,  714 
Paris  basin,  847,  858 
Park  Mountains,  Colorado,  915 
Parkia,  714 
ParroiiOy  877 
Passes  between  yalleys,  88 ;  origin  of,  926 


PaieOa,  792 

Pearlstone,  141 

Peat,  170 

mosses  or  bogs,  formation  ot  321, 458 ; 

rate  of  growth  of,  460 ;  bursting  of,  460 ; 

blue-iron  earth  of,  84 ;  antiseptic  power 

of,  460;  burial  of  organisms  in,  605; 

succession  of  in  Denmark,  909 
Pebbly  structure,  87 
Pebidian  rooks,  643 
Peeopteris,  726,  752,  771*,  853 
Pccten,  753,  762,  766*,  774,  806,  847,  855, 

862,  873,  895* 
PeduneuluB,  847,  860,  862,  863*,  873,  881 
Pegmatite,  132 ;  veins  of,  552,  557.  641 
P^^matoid  structure,  131 
PeUtes,  160 
Pelitio  structure,  88 
Peltaites,  920 
PeZtocarM,  664 
Penarth  Beds  (Bhastic),  764 
Pennant  Grit,  744 
Pennine  chain,  738 
Pennsylvania,  fire-wol Is  of,  236;  oil  regions 

of,  351 ;  coalfield  of,  306 
PentacnnuB,  773,  774*,  818 
Pentalophodon,  880 
Pentamerusj  665,  675*,  696 
Pentamerus  Beds,  670 

Limestone,  675 

Pentremites,  722 

Peperino,  165 

Perched  blocks,  154,411 

Peribo$,  880 

Peridotites,  78, 151 

Periechocrinus,  678 

Perimorphs,  61 

Periite,  141 

Perlitio  structure,  89 

Permeability  of  rocks,  299,  316 ;  affects 

the  discharge  of  rivers,  359,  361 
Permian  Svstem,  750 
Permo-carboniferous,  750 
Pema,  795,  806,  866 
Persaonia,  862 
Persea,  862 
Pervious,  defined,  344 
PdaloduB,  724 
Petherwin  Beds,  700 
Petrification,  most  important  media  of,  352, 

610 ;  indicative  of  the  alteration  of  rocks 

by  infiltrating  water,  352 ;  lime  as  the 

agent  in,  83 ;  silica  »s  the  agent  in,  66 ; 

iron  disulphide  as  the  agent  in,  86 
Petroleum,  172 ;  in  springs,  351 ;  associated 

with  eruptive  rocks,  576 
Petrosiliceous  structure,  131 
Peuoe,  786 

PhacopB,  664,  677*,  697* 
PhaneropUuron^  710 
Pha8Colomy$,  881 
Phascohtherium,  783,  784* 
Pha$eanu$,  879 
PhoiianeUa,  819 
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FkiVipmttrxA,  722 

A<ni*e»ie«,  ft53,  862 
Phctadimya,  774,  »H.  S73 
PhcloM,  81>t,  865 
Fholiderpeiom,  733 
Pholidopknnu,  763,  775 

FboDotite,  139 

Pbokphates,  84 

PlMMpbaticeoocRtkiiis,4»8;  Oe^ioeiU,  lt>8, 
470 

Fbo^iborite,  81 

P&ni^Moemu,  666,  ^U* 

Phtanite,  719, 738,  743 

Pbyllite,  121 

PkyOocens,  763,  784,  789* 

PJkyiZodM,  840 

PMZoyrnitet,  663* 

Phylk^n^  651*664,724 

Pftym,796,848 

FhynopMhial  eedogj,  910 

PickweO  Down  Onmp,  699 

Pflcemii,  mamimliiin  JSmna  ot  865,878 

POmte,  151 

PHoeeroM^  668 

Paton  Group,  699 

PtmaeoceroM^ieS 

Pines,  eariy  forms  of,  868, 871 

PinUe$,  730,  772,  786,  859 

Pinna,  750,  774.  819,  847 

Ptmu,  846 

PipenOaj,  160 

PMajitd,857 

Pwulnm,875 

PuMf  iM,  844 

PisoUte.  113 

Pisolitio  Limestone  of  Paris  basin,  827 

Pitchstone,  140 

PUkareOa,  845 

PJaecpariOj  effJ 

PZoomiOax,  783,  785* 

Plagioclase,  71, 142 

angite  roeks,  146 

rocks,  130 

Plains,  characters  of,  40 ;  origin  of,  928 ; 
formed  by  the  sea,  449 ;  of  marine  de- 
nndation,  451 

Plaissncian  (Pliocene),  878 

Plane-tree,  fossil  forms  of,  804,  839,  868, 
871 

Planer  (Unter-,  Mittcl-,  Ober-).  822 

PZanero,  866 

Planets,  relative  densities  of  the,  7 ;  com- 
position of,  9 

Planorbi$,  796,  855*,  866,  875 

Plants,  destractive  action  of,  452 ;  consenra- 
tive  action  of,  456;  precipitation  of 
calcium  carbonate  by,  354 ;  reprodnctiTe 
action  oft  457 ;  chemical  action  of,  461 ; 
terrestrial,  of  minor  Talne  for  ftrati- 


gnphicsl  parposes,  611.  733;  eliaaess 
against  the  pimettatioa  of  the  f  fsiiis 
of  terrestrial.  611 ;  erohitioii  oC  6lf, 
625,626,833;  relation  oC  todworieaor 
deTelopmeot,  625 ;  oldest  kuomn  tenaa- 
trial.  662 

Plastic  clay,  844 

Plateaux,  types  of;  40 

Plaiemg^  807,  846 

PZotyertirat,  722 

PIai9adkMaMi,666 

Piatjfmnmt,  753* 

PZ«tfnxl««,  666 

Pleistooene,  deflnit&oo  oC  896;  described, 
883 

Pleoehroism,  190 ;  examples  ci^  74, 76,  77, 
79,80 

PtesNirefoaifS,  856 

PI««M<u,856 

PrsMMaimis,  767, 777, 781*,  809 ;  as  type- 
fosBU,615 

PbsMsorex,  856 

PlnvtMoniikw,  732 

Piewrocwtiitet^  664 

PtnmM&tymm  696 

PZfMromfO,  789 

Pleuronemra,  751 

PZevrorJkyneMii,  688 

Plenroloma,  840, 855 

Pkmniamana,  666,  697,  723.  724*.  753, 
795,806 

Plicataoo  of  rocks,  53 ;  a  consemieDee  of  suib- 
fcidence,  314 ;  connection  of  with  clear* 

X,  311 ;  connection  of  with  ; 
.     im,  908,  579,  582,  584 
PUeattOajSlS 
Pliocene,  870 

,  deilnition  of;  836 

PUokippuM,  881 
PUolopkui,  840 
PliopmeeuttWi 
PUotauruit  778 
P2o<»s^pUd,  815 
Plum,  fossil  species  of,  871 
PUttoniOy  649*,  651 
Platonic  defined,  134 

action,  198 

emptiTe  rocks,  535,  538 

Plutonists  and  Neptunists,  298 

Po,  area  of  basin  of,  444 ;  seitfmeot  in  i 

of,  370;  annual  dischai^  of  i 

444;  heighteDing  of  plain  d;  882 ;  ddlft 

of,  390 
Pooctfet,  849 
Podoj^eatum,  862,  877 
Podozamitet^  761, 772,  828 
Po06ro<Aert  «m,  869 
Poikititic  750 
Polar  flattening,  an  aigument  for  nrlrlMl 

pbsticity  of^  earth,  12 
Polarintian,  analysis  by,  188 ;  nTiuinlai 

of,  66,  71,  73,  74,  76,  77.  79,  80,  81 ; 

•ggreg«te,81 
PoOMpin^  S19 


Digitized  by 


Google 


INDEX. 


961 


PolyeolylM,  834 

VcHypora,  723 

Politpierus^  710 

Poiyplyehodon,  809 

Polyaoan  Limestone.  723 

Pomerania,  dunes  of,  324 

Pompeii,  destraction  oU  21G 

Ponoe,  142 

Poplars,  fosaU,  803,  839,  808,  877 

PopiiZtM.859,862 

Pommbonite9,  665,  669* 

PorcelUa,  697 

Porcupine,  during  Glacial  Period,  891 

Poroaity  of  rocks,  299,  346 

Porphyiite,  144 

Porphyritic  stracture,  90 

Porphyroid,  128 

Porphyry  (quartz^  135 ;  quartzless,  138 

Portage  Oronp,  704 

Portland  OoUtes  (Portlandian),  794, 797 

Potidania,  Idl,  748.  776* 

Pondomm$a,  Idl,  748 

Post-Pliocene  deposits,  883 

Pout-Tertiary  Formations,  883 

Poiamadiif  857 

POamidei,  850,  855* 

PotamogeUm,  862 

Poiamomya,  857 

PotAssinm  in  minerals  and  rocks,  59 

Potassium  Iodide,  in  petrographical 
lysis,  193 

Poterioerinuif  722 

PoOioeites,  732 

Potrholes,  878,  415 

Potsdam  Formation,  660 

Potttone,120 

Prairie-dog,  geological  action  of,  455 

Preardmnu^  712 

Pre-Cambrian  ($ee  Arch«an) 

Preoesskm  of  the  equinoxes,  geological 
effects  of;  14, 29 

Predano,  local  metamorphism  at,  578 

Pie-gladal  landnmr&oei,  884 

Premstorio  periods  in  geology,  902 

Prepeoop(0r2«,  784 

Present,  explains  the  past  in  gecAorj,  3 

Pressure,  influence  of  in  fusion,  *IQ7  ;  in- 
creases solrent  power  of  water,  300,  312, 
848;  effecU  of  on  rocks,  44, 809 

PreawidUa,  72i 

PrimUia,  664,  669 

Primordial  lone,  653,  057,  659, 689 

iVionoeve/os,  832 

Prismatic  stmotore,  504, 506^  578;  produc- 
tion of,  292 

Pri«fit,840 

Proboscideans,  chief  era  of,  863 

ProcameluB,  881 

ProdmetuM,  696, 728*,  752* 

Proitu$,e^e 

Promepkiii$^S>7S 

Propora,eS8 
Piopylite,  144 
ProtadkiOsMn,  668 


Proto«(er,  664 

ProUacem,  803,  838,  855 

ProUtny$,S01 

ProUroaauruit  754 

ProioeyttUei,  650* 

Protcgine,  184 

ProMkippui,  881 

Protolyco$a,  732 

Protomeryxt  869 

ProtopUrU,  752 

ProtoBpongiOt  650* 

PrototaxOei,  70S 

PM>tozoa  as  fossilH,  611 

ProtriUm,  754 

PfoWoerro,  840 

Psammites,  154 

Psammitic  structure,  87 

Ptammobia,  848,  858,  807 

P9ammodu$t  724 

PMrofiuM,  708, 752 

PieudaUBTUB,  B80 

P$eudoerinite$,  678 

Pteudodiademoj  773,  820 

P$eudoUva,  840 

Pseudomoiphs,   61,   83;   in   relation   to 

alteration  of  rock^  352 
P$eudo$iamaria,79i 

P9^^^U^05,  708* 

Pteranodonts,  811 

Peenupif,  666, 710 

Pt^riotayi,  698,  710* 

Pierinea,  665,  696 

PUrooeroiy  799,  819 

Pterocerian  gtoup^  797, 799 

Pierodactfflw,  778, 782*,  808 

Peerodon,  840 

Pteroph^m,  761,  772,  828 

P(mj>2ax,733 

Pterosaurians,   or   whiged  reptiles,   778, 

808 
Pterotheca^eee 
PterozamUe*.  761,  772 
PUrygoiui,  664,  697*,  711,  714 
PtUoiiotya,  665 
PfydUupif,  660 
Piydboenw,  807 
P/yeftodtM,  807 
PtiftkophymMi,  664,  677* 
Plyoft4>lf^  687 
Puddingstone,  156 
PulUutra,  762* 
Pulverlmtion  as  a  part  of  petrographical 

analysis,  98, 191 
PaivM^'fio,  795 
Pumice,  89,  142;  drift  of  on  the  ocean, 

436 
Pumioeous  structure,  89 
Pupa,  782,  866,  898 
Purbeck  Beds,  788, 794, 796, 797 
Purpiifo,  774,  873 
PyonodiM,  775,  807 
Pyyoftor,  778 
Py(^op(eni«,  753 
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Pygurw,  773,  8(H 

Pyrenees,  Archaean  rocks  of,  645;  mcla* 

morphism  in  the,  580 
Pyripora^  850 
Pyrites,  85;    ooncpetions    of,  488;    as  a 

petrifying  mediom,  610 
Pyritoos  composition  of  rocks,  90 
Pyro-schists,  172 
Pynito,  846,  862,  873 

Qnader-Sandstein,  829 

Qn&-qaft-versal  dip,  513,  516 

Quartz,  occurrence  of,  61,  65,  96,  98,  117, 
132,  135;  water  in  cavities  of,  296; 
absorbent  power  of,  299;  artificial  for- 
mation of,  300 ;  veins  of,  an  indication  of 
alteration  of  rocks  by  circulating  water, 
352 

Quartz  pfwrphyry,  description  of,  135; 
fluxion  stnicture  in,  105 

Quartz  schists,  128 

Quartz  trachyte,  137 

Quartzite,  117,  127;  production  of  from 
sandstone,  304 

Quartzless  porphyry,  138 

Quartzoee  composition  of  rocks,  90 

Quaternary  Formations,  883 

Quebec  Group,  692 

Queen  Oharlotte  Islands,  Cretaceous  rocks 
of,  831,  833 

Queensberry  Group,  671 

Quereus,  846,  859,  862 

Quinqudoculina,  848 

Babbit,  geological  work  of,  455 
Radiation,  effects  of  rapid,  319 
Radiolarian-ooze,  168,  469 

Badiolites,  806 

Bain,  formation  of,  329 ;  function  of  in  the 
general  denndation  of  the  land,  341 ; 
chemical  action  of,  329 ;  composition  of, 
330;  chemically  active  oonstituentB  of, 
aSl ;  mechanical  action  of,  31,  340;  re- 
sults of  unequal  erosion  of,  341 

Bainfall,  character  of,  in  relation  to  denu- 
dation, 340,  369,  445;  propordon  of 
discharged  by  rivers,  860 ;  influence  of 
forests  on,  454,  457 

Bain-prints  in  strata,  485,  911 

Bain-wash,  154,  340 

Baised  beaches,  19, 277;  increase  in  ele- 
vation polewards,  280 

Bandanite,  67 

Banicot  Beds,  853 

BaphiosauruB,  808 

Baphiitoma,  666 

Bapilli,  162 

Ba8trUet,im*        ^ 

Bats,  geological  action  of,  455 

Bauchwacke,  114  ,.      -        «^ 

Bavenna,  retreat  of  ooast-line  from,  890 

Beading  Beds  (see  Woolwich  and  Beading 
Beds) 


Becent  or  Humui  Period  in  geology,  883, 
901 

BeeepiaeulUe$,e6S,eQG 

Bed,  as  a  colour  of  rocks,  92 

"  Bed  Chalk"  of  Hunstanton,  820.  t*2S 

^  Bed  Earth  **  of  calcareous  dtstricii,  337, 
458 

Bed  Marl  (tee  Trias) 

Bed  Biver,  ratio  of  discharge  to  rain&Il. 
361;  rafts  of  the,  368 

Bedrocks,  usually  nnfossilifeions,  711,  752. 
755,  761,  765 

Redcmia,  665,  667* 

Beducmg  action  of  rain,  332 ;  of  orsanic 
acids,  453 

Begur,  or  black  soQ  of  India,  458 

Beindeer,  during  Glacial  Period,  891 

Beindeer  Period,  909 

Bemopleuridu.e^ 

BewMtderiOy  697 

Beproductive  actum  in  geology,  316 

Beptiles,  age  of,  776 

Betinite,  140 

Rettioyl^ 

B^union,  submarine  volcano  of,  253 

Bevinien  (SysttoeX  658 

ma5(2opfcyUtd,  794 

BhadinidUhy,  740 

Bhcetio  Beds,  766 

Bhamnw  (Buckthorn),  862 

Ehamphorhyw^ui,  11%^  782^ 

Bhine,  mineral  matter  in  water  of  the,  3G&, 
366,  370 ;  andible  traasport  of  gravel  <« 
bed  of,  367;  suspended  sand  in,  STS; 
loess  of,  322,  384,  897;  delta  oC  389: 
gorge  of,  375 ;  alteration  of  chanwri  of 
at  Schaffhausen,  878 ;  ancient  bistofy  of 
valley  of,  861 

Bhineland,  Devonian  roeks  of,  701 ;  tqI- 
caQoe8of,209,210,255 

BkinoceroB,  856,  863,  898,906 

Bhimiopkut,  856 

i2^tt(Miop«w,  744 

Rhw)dHs,  724, 726* 

Rhitomy$y  880 

Bhodea,!^ 

Bhodocrinxu,  722 

Bhone,  area  of  basm  oi,  444;  dope  << 
363;  proporti<m  of  mineral  mattar  is 
water  of;  866, 870, 444 ;  annoal  diaoiiars* 
of  sediment,  444;  floods  oi;S59:  cats  of 
erodon  of,  444;  filtered  by  tmkm  ^ 
Geneva,  373,  892 ;  Meditemneaa  i  ' 
of;  390;  erratic  blooka  of,  412;  < 
deposit  at  mouth  oC  437 
mii«,862 
Itkynchmdia,  665,  6G9*,  679*.   6B6, 

762,773,775»,805»,874 
iZ&yncAosatinw,  763 
Bhyolite,  137 ;  AvohMOi,  640,  643  :  f 

nan,  668 
Bill-marks  in  stiala,  484 
BiUy  beds  (Paris),  848 
Bivera,  aooroea  of  anpfdj  of,  358; 
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ranean  oonrso  of,  355 ;  proportion  of  rain- 
fall diaoharged  by,  360;  flow  of.  362; 
floods  ofj  359 ;  inflnenoe  of  dronght  on, 
359 ;  typical  conrse  oC  362 ;  fall  or  slope  o^ 
862;  alleged  deflection  of  by  terrestrial 
rotation,  14;  affected  by  earthquakes, 
272;  differential  Telocity  of,  363;  slope 
offer  navigation,  363;  geological  work  of, 
864;  chemical  action  of,  364,  372; 
chemical  composition  of  water  o(  364 ; 
mechanical  action  of,  366 ;  transporting 
power  of,  367,  372;  rafts  of,  368  ;  sedi- 
ment in  water  o^  369 ;  excavating  power 
of,  371,  922,  926;  effecto  of  lakes  in 
filtering,  373,  385,  392;  serpentine 
wendii^fs  of,  375 ;  guided  by  geological 
structure,  375 ;  waterfalls  of,  375 ; 
gorges  of,  not  mere  fissures,  378 ;  action 
of  compared  with  that  of  atmoepberio 
TOocesses,  379;  reproductive  power  ot 
379;  alluvium  formed  by,  380;  fiood 
plains  of,  383;  terraces  of,  383,  900; 
terraces  of,  connected  with  upheaval, 
900 ;  palnolitbic  alluvia  of,  904 ;  former 
greater  volume  of,  384, 898,  904 ;  flU  up 
&kes,  385,  393 ;  bars  of,  385 ;  gorges 
and  lake-like  expansions  in  the  courses 
of,  394 ;  frozen,  368,  401 ;  as  indices  of 
the  denudation  of  a  land  sur&ce,  442 ; 
action  of  beaver  on,  455 

Rivers  Pollution  Commission,  349 

Ripple  marks  in  blown  sand,  323;  in 
stratified  rocks,  483,  911 

Rissoa,  856,  867 

BobuliTuiy  795 

Roches  moutonn^  415,  888 

Rock-basins  eroded  by  prolonged  super- 
ficial disintegration,  837,  338,  417; 
scooped  out  by  ice,  416,  888 ;  filled  by 
lakes,  892 

Rock-oil,  178 

Rock-salt,  111 ;  and  fire-wells,  236 ;  super- 
ficial effects  of  removal  of,  355 

Rocking^tones  of  granite  districts,  337 

Rocks,  feel  and  smell  of,  93;  specific 
gravity  of,  93 ;  magnetism  of,  93 ;  ther- 
mal conductivity  oi^  48;  microscopic 
character  of,  86;  kinds  of  structure 
among,  86 ;  composition  of,  90 ;  state  of 
aggregation  of,  91 ;  transitional  varieties 
ofr^l ;  colour  and  lustre  of,  91 ;  micro- 
scopic stmotore  of,  94, 102 

,  detrital,  102, 105 ;  CrystalUne,  95, 

105,  109,  110;  Semi-CTTStalUne,  103; 
alteration  of,  107 ;  classification  o^  108 ; 
Stratified  (crystalline),  110;  Schistose 
or  Foliated,  118;  Massive,  129;  Frag- 
mentaL  Clastio,  153 ;  Gravel  and  Sand, 
154 ;  dav,  160 ;  Volcanic,  161 ;  Organic, 
165 ;  Seumeutary  as  an  index  of  time, 
54 

,  hypogene  changes  among,  288; 

capacity  of  tot  water,  Sd9,  346 ;  natural 
cements  o^  809 ;  effSects  of  pressure  on, 


309;  alteration  of  by  underground 
water,  351 

Rooky  Mountains,  position  of,  36,  40; 
structure  of;  919;  alluvial  fans  of,  381 ; 
erosive  action  of  snow  in,  403 

Roe,  fossil,  898 

Rogenstein,  768 

Roofing-slate,  122 

Roots,  infiuence  of  in  formation  of  soil, 
389;  wedge  off  slices  of  rock,  454; 
power  of  to  penetrate  downward,  454 

Roasberg,  landslip  at  the,  358 

BoeteUaria,  806,  840,  841» 

Botaluh  804 

Rotation,  effects  of  terrestrial,  13;  possible 
influence  of  in  tho  upheaval  of  land, 
285 

Rothliegendes,  756 

Rotted  rock,  thick  accumulations  of  in 
situ,  337 

Rottenstone,  112 

Ruditte$,S06 

Rudistenkalk,  826 

Rugose  oorals,  waning  of,  804 

Riq>elian  beds,  859 

Rupture  of  rocks  under  pressure,  309 

Russia,  efflorescences  on  soil  of,  327 ;  sand 
wastes  of;  325 ;  firozen  rivers  of,  369 ; 
steppes  of,  397;  exemption  of  from 
geological  revolutions,  688,  701 ;  Arch- 
S9an  rocks  of,  644 ;  Silurian,  688 ;  De- 
vonian, 708;  Carboniferous,  748;  Per- 
mian, 757 

Rutile,  artificial  formation  of,  802 

Sabdl,  804,  888,  839*,  846,  855,  862 
Sabatino^  Lago,  tempemture  of,  392 
"  Sables  moyens"  of  Paris  basin,  851 
Sabrina  Island,  a  submarine  volcano,  250, 

253 
SaceamnUna,  668, 722 
Sagenaria,  111 
SaaenopterU,  761 
Sahara,  daily  range  of  temperature  in,  819 ; 

recent  upheaval  of,  825 
Si  Cussian  beds,  769 
Si  Helena,  255 
Si    Lawrence   River,   enfeebled   erosion 

of,  373;  rapids  of,  874;   ice  action  on, 

402 
Si  Louis  Group,  750 
Si  Paul  Island  (Indian  OceanX  258,  255 

Sed-ammoniao  at  volcanoes,  202, 229 

SaUniOf  605 

Saliferous  composition,  90 

Salina  Formation,  692 

Bali$buria,  888,  868 

Salix,  80S,  849,  884,  885* 

Salmien  (Systtee),  658 

Salses,  234 

Salt-deposits,  111,  899;  of  Silurian  age, 
661,  692, 698 ;  Devonian,  704 ;  Permian, 
751,  757;  Triassio,  759,  765;  Jurassio 
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**•*;  Teitttiy.  851,  850,  861«  8G9,  870, 

877 
6^  Ua  cT  twTftrial  ongiii,  995;  of 

ocsiBK  *"*^'*|  996 
Salt  Liik^  Gmi  (UtebX  hiitoffy  ci,  395; 

cilMMitinn  of  «*er  U,  396;  d^naitB 

oC400:  caanKnKcsanvMi»327 
SWit  na^e  of  Ptti^  693 
fialt  vBlo;  dertiueiiTe  cffecti    of  iqMm 

£uaft  of  IvMldih  vmtei;  607 
SunbR.  dette  ol.  389 
Sand,  chaacifln  ol,  155;  eraaoa  bj  wind- 

blcnni.   320;    dnft.  322:    wind-Uown, 

cnuMeted  into  itone,  324, 438 
SMdHtao,  froMtioa  oi;  155;  inflneoce 

of  planto  in  protoctini^  456 
Suidgate  Bofa,  818 
SMwktone,  rtneUm  oC  158 ;  dnraliility  of; 

335;  lbnHtnnof,490.498:  difltiDgiuah- 

mUe  from  micMduak,  124,  and  from 

q[anitiite.  127 
8amgmimdi*te»f  723 
Subline,  71 

8ansno  (Iteliui  Plioee&e),  878 
Santotin,  Tolcuiie  phenomeDa  ol^  202,  206, 

207,  213,  215,  219,  225,  227,  232,  251, 

253 
&io,659 

fiMiie,  floods  of  the,  359 
Saportea,  758 

SMOtttiAn  Stage,  867 

Sanapttriaa,ini 

Sanen  stooes,  342 

Sauafnu,  803,  860,  871 

Satora,  plaoet,  8 

Saonans,  earlieat  timces  of,  749 

AiMNidUAyt,  775 

SaoflBorite,  73 

Saxieavoj  dQ5* 

Saxony,  coal-fleld  of,  748 ;  Cretaoeocu  rocks 
of,  802,  829 

SeaiaHa,  840,  874,  875» 

Scaldisien  (Systbne),  876 

Scandinavia,  Qdds  or  table-lands  of,  40, 
924;  snow  line  in,  403;  glaciers  oi; 
404,  406,  407,  418;  terraces  of,  280, 
893;  rise  of  land  in,  276,  277;  subsi- 
dence in,  284 ;  Archaean  rooks  of.  644 ; 
Oambrian,  657 ;  Silurian,  686 ;  Old  Red 
Sandstone,  717 :  Avieula  cotUaria  tone 
in,  767 ;  eladation  of,  415,  885,  887, 
896;  raised  beaches  of;  893 

8eapKa$pU,  681,  712 

8eaphUe$,  807, 809* 

Scaur  Limestone,  737 

Scenery,  geological  origin  of,  910-928 

Schalstein,  165 

Scheldt,  delta  of,  389 

^^Schiste"  or  shale,  161 

Schist,  definition  of,  119 

Schistose  rocks,  118 

Schistoee  structure,  88,  118,  129;  origin 
of,  806;  compared  with  streaked  •trac- 


tnre   of   trachytes,   307; 

granitoid,  308;  artifioiaUy  pradvoed,  atU 

907,308 

Schists,  cryslalline,  as  part  of  the  carft's 
cnMt,659;  ehaiactenod579;  wcadMr- 
ing  oC  338;  otigin  of,  120,  125,  570, 
578,  586;  poenhly  sometimes  metamor- 
phosed enqHtre  rocks  and  tidE*,  587  (ssi 
Aichaan  and  Metemorphism) 

Sehists,  spotted,  ^80 

fidkuodii«,723,752« 

fiefcuoaeiiro,  761 

ftdUmpCerit,  748 

Sdioharie  Grit,  704 

Sohori,80 

Schzattenkalk,  829 

8elMnis,875 

^j^iolitibas,  658,  664 

Scoriaeeous  stmcture,  89 

SoQipioiis,  earliest  known,  732,  749 

Sootlsnd  (sas  Britam) 

iSbypJUa,  797,  804 

Sea,  why  pfepondeiaot  in  8.  hwlsphere, 
12 ;  distributkn  and  depth  oi;  32 :  d^th 
of  indicated  by  fbim  of  onast-lina,  449 ; 
antiqoiWofba«tnsof;911;  snbsideafls  of 
bedoC^;fonnofbottomoC32;  earn- 
position  and  density  of  water  oi;  33; 
morements  of;  418;  tides  oC  418;  ear- 
rents  of;  327,  420,  426;  distribvticB  cf 
temperature  in,  420;  P6lar  water  am 
floor  of,  420;  wares^  breakm,  and 
gnmnd-sweU  of;  422,  428;  depth  at 
which  the  bottom  may  be  disturbed,  423; 
geological  worico<;426;  infliicnoe  of  «a 
climate,  27, 426 ;  ehemioal  aotioQ  oC  42S, 
469;  ozidatioD  by  water  oC  427:  ■*• 
chanical  eroskn  o^  255, 281, 427 ;  tnaa- 
port  by,  434,  438;  work  of  ioe  in,  423; 
chemical  deposits  oC  436,  441, 469;  me- 
chanical deposits  oi;  437;  organic  de- 
posits of;  461.  463,  4^  606,  607; 
abysmal  dapositi  of;  vnlike  sny  8<eQfe- 
gioal  formation  Tisible  on  the  laad, 
441,  608;  exaggerated  estimates  of  d». 
nnding  nower  of  447;  denodataoa  by 
comparea  with  that  of  sabaerial  acoHts, 
448 ;  final  result  of  eroskm  by,  ia  Os 
formation  of  a  submarine  pbia,  449; 
general  oonserratife  infloeooe  oi;  451 
(•06  Ifarine) 

Sea-cali;  early  forms  of;  865 

8ea<eaTes  as  pfoofii  of  nnhesfal,  277 

Sea-le?el  asramed  to  be  mnstaaf,  275; 
alteratioQ  of;  275 

Seals  in  Oaspian  Sea  and  liike  Baibl, 
397 

Secondary  minerals,  61 

Secondary  or  MeMSoic  Systems,  759 

Secretions,  89 

Sediment  neceamry  for  tijfr  craskm,  373; 
rate  of  subsid^ioe  of  in  water.  iSfi^ 
439 

Sedimoi^tary  rool^i,  108;  lm\ffini^  tkm- 
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nuster  (^,  491,  614;  dassifioatioii  of  by 

fooBila,  616;  fonned  in  shallow  waker, 

911 
Sedlits,  mineral  water  ot  351 
Seeds,  transiKni  of  by  wind,  826 
Seewenkalk,  830 
Seewenmergel,  830 
Segregated  stmetore,  90 
Segregation  Teina,  62, 90, 132, 556 
Seine,  floods  of  tbe,  859;   ratio  of  dis- 
charge to  rainfall,  361 ;  terraces  of  the, 

383 
Semiorystalline  structure,  103 
8emionoiu$^  775 
SemnopUheeui,  880 
Senna,  early  forms  of,  847 
Senonian,  814,  822,  827 
Sepia,  77^ 

S^tarian  nodules,  488 
Septarienthon,  859 
Ssptoffrco,  789 
Sequaaien,  797 
Sequoia,  803, 854*  862,  871 
8erioite,74 
Seridte-echist,  124 
Serpentine,  characters  of,  81 ;  as  an  index 

of  alteration,  107 
Serpentine-rode,  151 
iSsrpMla,  795 
SetpuUte$,eM,723 
Soto  Groups  688 
Serem,  annual  disohaige,  861;  bore  of^ 

419 
Shale,  characters  of,  161 ;  formation  of,  490, 

498 
Shaly  structure,  88 
ShaimoD,  slope  of,  363 
Sheep,  fossiL  880 
Sheets,  intensiye,  547 
Shell-banks,  formation  of,  464 
Shell-marl,  166 
Shell-mounds,  909 
Shell-sand,  167 ;  cemented  into  soUd  stone, 

324,438 
ShMlfl^  as  proofo  of  upheaval,  277 
Shetlands,  effects  of  lightning  in,  318; 

contain  no  raised  beaches,  19 
Shingle,  155 ;  coarse  forms  of  on  sea-floor, 

435 
Shingle-beaches,  435,  437 
Shore  (tee  Coast-line) 
Shore   deposits,   437,  606;    organic    re- 
mains in,  606 
Shrew,  earliest  known  forms  of,  856 
Siberia,   eleration  of,   276,  280;    ttotm 

riTcrs  of,  369 
Sicily,  Pliocene    strata   of,   877:    mud- 

Toicanoes  of,  284 
Slderite,  83, 116 ;  as  a  petrifying  medium, 

610 
SigOtaria,  708.  715,  728,  729*,  752;  as  a 

^ipe-fossil,  615 
Silica  in  earth's  crust,  58,  65;  in  river 

water,  365, 453 ;  in  organisms,  168, 608 ; 


dissoWed  by  omnic  acids,  463 ;  dissolved 
by  superheated  steam,  298;  deposited 
in  the  me^  743;  concretions  of,  117, 
488 ;  considered  as  a  petrifying  medium, 
352 

Silicates,  decomposition  of,  333,  353; 
formea  as  decomposition  products,  853 ; 
eziBt  in  soil,  347;  forming  on  sea-floor, 
441,470 

Siliceous  composition,  90 

SiUoeous  depmdts,  67, 117, 168,  354 

Siliceous  sinter  (tee  Sinter) 

SiUoic  acid,  60 

Silidilcation  of  organic  remains,  610 

Silicon  in  earth's  crust,  57 

Silurian  System,  661 ;  salt  and  gypsum  beds 
in,  661,  692,  693 ;  volcanic  rooks  of  (eee 
Volcanic  action) 

SUver,  native,  in  fossa  wood,  453 

Simoeyon,  878 

Sinemurien,  798 

**  Sinks"  in  limestone  districts,  355 

Sinter,  calcareous,  354;  siliceous,  67, 117, 
354 

Siphonia,  80i 

8iphonotreta,e65 

StvaiheHum,  872,  880* 

Siwalik  Group  (TertiaryX  879 

Skaptar  Jokull,  eruption  of,  224 

Skiddaw  Slates,  670 

Slag  (iron),  contraction  of  in  cooling,  295 

Slaggy  structure,  89 

Slate  as  a  geological  term,  121 

Slaty  fracture,  91 

Sleet,  formation  of,  329 

Slickensides,  504,  523,  592 

Slimonia,  664 

Slopes,  deceptive  angles  of  in  mountains, 
39 

Smaragdite,  77 

Smell  as  a  character  of  rocks,  93 

iSmiZox,  832 

Snails,  oldest  known  land-,  732, 749 

Snake  River,  basalt  sheets  of,  209,  256, 
565 

Snow,  effect  of  on  climate,  25;  formation 
of,  329 ;  geological  action  of,  403 

Snow-ice,  110 

Snow-line,  402 

Soda  lakes,  395 

Sodium,  59 

Sodium  Carbonate,  chemical  action  of  in 
water  of  bitter  lakes,  399,  400 

Sodium  Chloride  in  the  air,  82;  in  sea 
water,  34,  59;  as  a  rock,  85,  111 ;  at 
volcanoes,  202 

Soil,  characters  of,  154 ;  formation  o^  321, 
339,  458 ;  added  to  by  deposit  of  dust, 
321,  339;  influence  of  earth-worm  on, 
339,  454;  comparative  fertility  of,  339 : 
fertilized  by  rain,  330;  removal  and 
renewal  of^  540 ;  supposed  permanence 
of,  340;  organic  matter  in,  847;  evapo- 
ration fh>m,  360 
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8oil-cMk  its  jnflwciine  on  dip  of  roeks. 

Ml 
SniMniwiH,  lignitet  of  the,  848 
8olariwm,906 

SoleoholM  limeitDDe,  799 

Solemopiemra^  €58 

SolfiilBims,  201,  209 

Solatkn  hj  nin-water,  832 

SomiiMs  Itoite.  206,  208,  209 

SocOqoelleii,  350 

8orex  (ihiew),  875 

OMMToySy  795 

Spain,  AiduBtn  rocks  of;  645;  Gunbrian, 

657, 600;  SanriAii,  691;  Derouiaii,  703; 

OtfboDifeioai,  745, 747;  Tziaft,  767 
■■1.783 
Dite  of  Norway,  657 
ii,754 
Span,  592 
Spatangenkalk,  829 
''Spates"  or  floods,  859 
Speoiea,  Darwin  on  caigjia  of,  624 
^wcifio  mTitj  of  rocki,  93 ;  rednction  of 

in  finoi^  water,  868 :  and  in  iea-water, 

428 
Spectnim-analjMa,  9 
SpeeUm  C9aj.  816 
iS^fccrodM,  807 
SpkmromitmyeGi 
Bphsroadmte,  83, 116, 720 
BplUBnmpongia,  QSS 

8phagodM8,ee6 

8plieQe,80 

Sphtnomektu,  765 

jS^AMopibyOMR,  662, 726 

Spkenopleru,  708,  726,  727*,  756,  771», 
817 

8pkemotamUe$j  772 

SpheroidB  of  weathering,  335, 488,  507 

SphemHte-rook,  141 

^rfiendites,  artificially  fianned  in  glass, 
801 

Spheralitic  straotnre,  89, 135, 141 

Spider,  earliest  fonns  of;  732 

Spilosite,  578 

Spindle-trees,  fossil,  855 

^wrt/cftlM^775^789 
firi/era,  665,  696,  698*,  718,  723%  753, 
'761, 773 

iSMrtoera,  696 

i^>*rorUt,664,718,723 

Spitzbeigen,  elevation  of,  276, 280;  effocto 
of  frost  at,  401;  Tertiaiy  flora  o(, 
868 

Splintery  fractore,  91 

Spond^Uu,  805,  806*,  847,  862 

Sponges,  spicules  of  in  siliceous  deposits, 
469;  fossil,  650,  663,  797,  804* 

Springs,  origin  oU  844;  indieate  position 
of  faults,  534;  kinds  of;  344;  soriSsce  or 
simple,  344;  deep-seated,  345;  tempe- 
rature o(  346 :  thennal,  45, 347,  348,  599 ; 


thennal  connected  with  ■omtnii'^WHq^ 
ling,  917;  chemieal  actioii  of,  347,  3S1, 
355;  chemical  coutita6Qtsoi;S47,S«8: 
common  or^ potable,  348;  ■inw l,Stg; 
relatioQ  of  their  oompositioii  to  aatave  «f 
sunoonding  rocks,  319;  saline  &«»  <iU 
volcanic  rodn.  902;  ealcareoaa,  349, 
354,609;  ferniginoiMQrefaalyb6ato.S5Q, 
354 ;  brine,  350 ;  medicinal,  351 ;  flBlpkviW 
351;  oil,  351;  depoMts  fran.  353;  at- 
liceoos,  236, 854 ;  yeariy  amout  of  ■■■£- 
lal  matter  nmo^  by,  356;  iliili^  wp 
oi;359;  relation  of  to  riTer4Ji^y«  359; 
preserration  of  organie  wisim  ift  d»» 
positBoi;606 

Sfurooe,  fosnl,  868,  875 

Spradelstein,  113 

Squirrel,  early  fbons  of,  841,  868 

Stag;  fossQ,  ^ 

iSloooiiolepit,  763 

Stalactite,  112 ;  fbonstkxi  of,  332»  353^ 

Stalagmite,  113 

Stars,  onmpositioo  of  the,  11 

i»aiiKa.664 

Stanrolite-slate,  122 

Steam,  solvent  power  of  supe^cAted,  SM, 

300;  in  vdcanio  en>loaioiM,  218,  ttS, 

262 
iS!(«90iiodom  880 
St/iWBk%t€f^  669 

StemoparOjlS^ 

Stepkanoonw    (Awm<mUe»),    786,    7«9*, 

8tem)gnatku$,79Z 

Stembergia,  755 

Siigwmna,  715,  728, 729»,  730*,  752 

£%niarioptts,  733 

Stinkstone,  112 

Stiper^tone  Group,  667 

Stodcs  and  stock-wotka,  597 

iSfoMoioptu,  852 

Stone  Age  or  Period,  902 

Stoneifield  Slate,  782, 792 

Stonn-beache^  276,  437 

Stonna,  cause  oi;  317;  destraetive  Hbcte 
of  on  marine  &una,  607 ;  timnipori  of 
organisms  by,  827 

Strambeiff  limeatonei,  800 

Strata,  alternations  and  sswciatiu—  sC, 
490;  relative  persisteoce  of,  431«  €14; 
chronokogical  value  oi;  436;  In— j 
sDocessioo  o^  498;  Kvsopa  oC  433 
grouped  by  lithologfoal  ehamclBa, 
499;  and  by  fossila,  500;  liili— IIm 
of;  509;  measnreiDenl  of  thisknsas  oC 
514;  ourrature  ot  514;  tnmaibam  < 
519 

Stratiflcatioo,  focBM  oC  474 ;  afttds  wsM 
of  estimating  the  aaoant  of  diiyfaea^ 
ment  of  roA,  911;  a  gwUb  to  1^ 
amount  of  dcandatjoa,  911 ;  teflnaossf 
upon  scenery,  922 


Digitized  by 


Google 


INDEX. 


967 


Btnitifioatioii-^lanes,  ifi  relation  to  schistoBO 

Btraotore,  807 ;  in  relation  to  weathoringi 

335 
Stratified  roolu,  109 ;  ahallow-water  origin 

of,  608 
Stratified  itmctnre,  88, 154 
Stratigraphy,  prinoiples  of,  681 
8traiodWy801 
Streaked  stmctore,  88;  of  trachytes,  ftc, 

compared    with    foliation   of   dohista, 

807 
8irepkode$,  672 
8tr^f>hodu$^T!5 
8tnim)du»,  781* 
8tr^^hynehu8y  696 
Striation,  glacial,  414,  885 
Stricklandinia,  665,  670 
Strike  of  strata,  512;  relation  of  to  curra- 

tnre  and  cleavage,  515,  521 
8tringooephaiM$,  697,  698* 
Stringooephalns  liinestone,  702 
Strom 


664 

Stromboli,  208,  210,  217 

Sirombm^Seii 

StrophaUmOylSS 

Shrophamena,  665,  669*,  679*,  696 

Stmotnres  of  rocks,  86 

StifUusodan,80l 

Stjfloemnia,  S50 

StyloUtee,  818,  490 

StyUmeuru$,  664,  712 

8tyrax,S66 

Snb-apennine  series  (Pliocene),  877 

Sub-carboniferons  rooks,  750 

Sublimation,  nature  of,  297 ;  at  Tolcanoes, 
202,229 

Submerged  forests,  281 

Subsequent  eruptive  rooks,  535,  538 

Subsidence  at  volcanoes,  282,  248,  561 ; 
during  earthquakes,  278 ;  secular,  281 ; 
in  excess  of  upheaval,  912;  proofis  of 
intermittent,  282,  722,  742;  causes  of, 
284;  connected  with  deposition,  287; 
rise  of  temperature  with,  289,  291; 
induces  plication,  814';  induces  meta- 
morphism,  808 ;  influences  flow  of  rivers, 
864;  aflects  sedimentation,  498 ;  affects 
denudation,  449, 912 ;  favourable  to  pre- 
servation of  remains  of  marine  fiftuna, 
607 

Subsoil,  155;  passes  up  into  soil,  389, 
841 

iMmZaet,666 

Suooinea,  875,  898 

Suez  Canal,  Bitter  Lakes  of,  400 

Suffloni,  285 

Suffolk  Crag,  878 

iMooreiepora,  728 

Sulphates  in  nature,  84;  in  rain,  830;  in 
river  water,  865 ;  in  the  sea,  34 ;  reduced 
to  sulphides  by  organic  matter,  382, 
458 


Sulphides  in  nature,  85 ;  formed  artificially, 

298 
Sulphur  in  earth's  crust,  57,  59,  63;  at 

volcanoes,  235;  beds  of  formed  in  the 

wet  way,  861 ;  resulting  from  reduction 

of  gypsum,  882 
Sulphur-springs,  851 
Sulphuric  acid,  60,  64 ;  at  volcanoes,  202, 

285;  in  rain,  330 ;  corrosion  by,  330 
Sulphurous  springs,  123 
Sumach,  fossil  species  of,  871 
Sumbawa,  great  eruption  of,  217,  219 
Sumter  Group  (Tertiary),  880 
Sun,  density  of  the,  8 ;  composition  of,  10, 

11 ;  influence  of  in  geological  changes, 

19,  51, 195 
Sun-cracked  surfoces  of  strata,  484, 911 
Sunlight,  effect  of  on  minerals,  318 
Superposition,  order  of,  500,  614;  proved 

by  fossils,  616 ;  fundamentally  important 

in  palflBontology,  622,  631 
Supra-corallian  beds,  794 
8u$y  864, 873,  898 
Swallow-holes,  355 
Sweden  ($ee  Scandinavia^ 
Switzerlfuid  (tee  also  Alps),  temperature 

of  lakes  in,  392 ;  Miocene  lakes  of,  394 ; 

glaciers  of, 404 ;  Arohiean  rocks  o£645 ; 

Silurian,  691;    Devonian,  703;    Trias, 

768;   Junuwio,  798,  800;    Cretaceous, 

829;    Eocene,    851;    Oligocene,    860; 

liiocene,  867;  glaciation  of,  412,  887, 

898 ;  old  hike  dwellings  of,  909 
Syenite,  137 
Syenite-porphyry,  139 
SyUmmu$,9Ql 
SympUtoot,  8i6 
Bynoline,  517,  914 
8yno(^adi(h  753 
Sfyringodendronj  733 
^yringophyUum,  688 
l^yringapora,  664 

Table-hmds,  types  of,  40,  924 ;  of  deposit, 
40 ;  of  erosion,  40,  451 ;  erosion  of  into 
systems  of  hills  and  valleys,  924 

Taohylite,  149 

TrnniopterU,  752,  760*,  771* 

Talc,  81 

Talc-schist,  120, 126 

Tdlpa  (mole),  875 

Tanoredia,  793 

Tangles  protect  a  coast-line,  456 

Tapet,  868* 

Tftpir,  868,  878 

Tapiroid  mammals,  early  forma  of,  841 

Tapirfdu$,  856 

Tarrannon  Shale,  676 

Tassello,  852 

Taunuflien,  702 

Taxitei,  792,  860 

Taxocrinu$,  664 

Taxodium,  859,  871 
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Tascoxyhn,  860 

Tby,  Looh,  affeotod  by  wiodi,  892 

Teaiby  Series,  817 

TMtorto,  790 

Tegel  of  Vienna  basin,  897, 877 

Teleo$auruij  776 

TderpvUm,  763 

TMinOy  863,  873,  895* 

Temnograpiuty  687 

Tempeiatare,  laised  b^  depression,  289; 
raised  by  rook-ornshing,  290 ;  raised  by 
intrusion  of  erupted  rook,  291 ;  mode- 
rate, sufficient  for  mineral  transforma- 
tions, 300 

Temperature,  terrestrial,  45,  49,  55;  dimi- 
nution of  rate  of  increase  below  moan- 
tain  chains,  912 ;  meteorological,  affected 
by  ocean  currents,  426;  effects  of  rapid 
daily  or  seasonal  changes  of,  319, 
334 

Teneriffe,  Island  of,  247, 255 

TtfntaeiOitei,  666,  696 

SVratofoiinw,  763 

2*0r0&ra,862 

3Vre&ni<0aa,  805 

TerdmMoy'm*,  756, 761, 773, 775*,  784, 
805*,  859,  873 

TertbraJbvMna,  805, 878 

Tarebrtfostfo,  805* 

*<  Terra  rosea  "  (cm  Bed  Earth} 

Terrace  Epoch  of  America,  383, 900 

Terraces,  marine,  maridng  rise  of  land,  277 ; 
ofriTeri,383,  900 

Terrain  Ardennais,  658 

Terrain  rh€nan,  690 

Terre-k-foulon,  161 

Tttrigenous  marine  deposits.  437 

Tertiwy  Systems,  835;   oldest  strata  in, 

T<9<nicofMN2(m,  880 

IWociM,  856 

Tetradium,  664 

Ts^ftMrapdit,  663* 

T«<ni2optod(m,  880 

T0<rap<<srtM,  846 

2Wi^p«i0, 774 

TextOaria,  804 

Thames,  annual  discharffe  of  the,  361; 
catchment  basin  of,  861;  slm)e  of, 
363 :  composition  of  water  of,  865 

Tftomiuutrco,  773 

Thanet  Beds,  844 

Tfteco,  650*,  666 

n4N^664 

Tkeeidiwm,  789,  805 

T^eoodofitosatinM,  768 

Thermal  springs,  347,  348 
Thickness  of   strata,    measurement    of, 
514  * 

Thonschiefer,  121 


Throtfia,  795 

•'Throw"  of  &ults,  526 

T^;optit,868 

Thun,  aUuTium  in  Lake  of,  385 

ThuyjieM,  772,817 

Tiber,  growth  of  delta  of,  890;  landslip  on 

the,  §58 
Tiehogonia,9&^ 

Tidal  waves,  419;  currents,  420 
Tides,  51, 52, 418 
Tlger»  fossil,  881 
Tilestones,  682 

Till  or  boulder  day,  161,  411, 417,  888 
Tillodonts  of  Oretaceous  time,  842 
Time-measures  in  geology,  54, 444 
Titaneisen,  69 
Titanite,80 
TOofioaMrtimi,  869 
Titiumian  stage,  800 
Toad,  early  forms  of,  868 
Toadstone  of  Derbydiire,  738 
Toarcien,798 
Tongrian  Beds,  859,  860 
Tottemhoe  stone,  821 
Tourmaline,  80 
ToaMU<0r,  804 
2bxoo0nM,  807, 809* 
IVod^Mros,  768 
2Vadby<ieniia,  682 
Trachyte,  139 ;  Uquidity  of,  224 
Trachytoid  structure,  181 
Trade-winds,  13, 27 


TVoouMlytft,  856 
TraU(»** loess"  < 


of  Thames  Talley,  908 
Trass,  164, 203 

Travertine,  112 ;  formation  of,  854 
Tr«ikamy%,  856 

IVees,  erect  in  strata,  492,  495,  497 
Tremadoc  Slates,  655 
IVamatosaiinit,  763 
Trenton  Formation,  692 
7V«<oo0ra«,  676 
IViacafiaocfea,  783, 785* 
TVuni^tfaa,  660 
Triassic  System,  750, 759;  metamorphiflm 

of,   578,   586;    basins,  effiu^ement  of. 

621 
2Wd^Atif,876 
Trichites,  101 
Tridymite,  66 

TrigimUi,  Tl^,  777*,  778*,  881 
IW^otiooarpofi,  731 
SfViaofiodiM,  768 
Trilobites  as   type-fonils,   615;  earliest, 

650,664;  latest, 724 


Trinidad,  asphalt  of;  178 
Trinudeu9,  664,665*,  667 
Trtofiyx,  832,  846,  857 
2Wi)2Mid,  665, 669* 
TripoU-powder,  67, 168,  461 
2WWa,881 
Troehocyathu$^  804 
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TrockotmUia,  804 

TroehuB,  679*,  792,  806,  865 

TrogorUherimnj  874 

Tiwfcan,  878,  874,  875*,  895* 

TubicatUi$^  757 

Ta&,  cakareons,  formod  la  bitter  lakes, 

400 
Tnfl;  161,  244,  565;  Don-volcanio  frag- 

moots  in,  206,  216,  248.  253,  574 
Taff-oones  and  ooniferons  wood,  731 
Talip-tree,  fossil  fonns  of,  804,  871 
Tunbridge  Wells  Sand,  817 
Tandras  of  Siberia,  457 
TurbinoUa,  851,  860 
Turbo,  753.  762,  806 
Torf,  protective  infloence  of,  456 
Tmonian,  814,  821,  826, 829 
TtfiTtlMNU,  664 
Turrim$,  807,  808* 
TwrrUeOa,  762,  806,  840,  874,  881 
Turtles,  earliest  known,  776 
Tuscany,  delta  growth  in,  390 ;  travertine 

Tylodon,  SiO 
Type-foesils,  615 
Typftif,  855 

Uinta  Group,  858 

Uinta  Mountains,  288 ;  structure  of,  914 

VlmH$,SG2 

Uneitet,  696, 698* 

UnoonformaMlitv,  599 

Under-dars  of  Coal-measures,  491 

Underdiil^  origin  of,  357 

Undernound  circulation  of  water,  846 
(sM  Springs) 

Unio,  790,  817,  856,  875 

United  States  ($ee  America,  North) 

Unstratifled  rocks,  109 

——'  — ^— —  structure,  88 

Upheaval,  secular,  274 ;  results  from  sub- 
sidence, 912;  increases  towards  the 
poles,  280;  relation  of  to  earthquakes, 
278 ;  proofo  of  intermittent,  280 ;  causes 
of,  284 ;  connected  with  denudation,  287 ; 
at  volcanic  vents,  232,  251 ;  gives  rise 
to  fiaults,315 ;  attributed  to  local  hydra- 
lion  of  anhydrite,  333 ;  influence  of  on 
flow  of  rivers,  364 ;  indicated  by  river 
terraces,  384;  aflfects  denudaiioo,  447, 

'  911,912 

UraUte,77 

Uranus,  8 

Ura$Ur,7S9 

Urgonian,824 

UrooordyluM,  733 

Ur$u9,  875,  898 

Utah,  salt  lakes  of.  111,  395, 400 ;  efflores- 
cences of^  327 ;  Carboniferous  marble  of, 
114;  •'laccolites"  of,  546;  granite  of, 
553,  646;  Cretaceous,  832;  Tertiary, 
869;  volcanic  phenomena  of,  209,  210, 
244 


Utica  Group,  692 

Valleys,  longitudinal  and  transverse,  38; 
sometimes  originated  by  earthouiedLCS, 
272 ;  UBuaUy  by  erosion,  926 ;  subaerial 
oriflpn  of,  283,  446;  sometimes  formed 
or  deepened  by  falling  in  of  cavern  roofs, 
357;  rate  of  erosion  of,  446,  879,  920; 
,  relation  of  to  anticlines  and  synclines, 
914 :  persistence  of,  922 

VcUffoia,  796 

Vapours  from  volcanoes,  198,  211,  235, 
298 

Variolite,  145 

VeetitauruSf  817 

Vegetable  substance,  alteration  of  into 
ooal,305 

Veins  and  dykes,  551 ;  mineral,  591  (nee 
Mineral  Veins);  of  segregation,  132; 
of  intrusion,  551 

Veinstones,  592 

Venice,  delta  formation  at,  390 

Ventriadites,  804* 

FfiiiM,  806,  865 

Venus,  planet,  8 

FermetiM,  849 

Vermiculari€^  S20 

VermUia,  723 

Vermilion  Creek  Group,  853 

Vertebrate  life,  earliest  traces  of,  666 

Vesicular  structure,  88 

Vesuvionite,  79 

Vesuvius,  phenomena  of,  200, 202, 206, 208, 
209,  211,  212,  213,  215,  216,  217,  220, 
222,  223,  225,  227,  228,  229,  230,  231, 
232,  233,  248,  249 

Viburnum^  849,  868 

Vichy,  alkaline  water  of,  351 

Vienna  basin,  Oligooene  deposits  of,  861 ; 
Miocene,  866 ;  Pliocene,  876 

Vienna  Sandstone  of  Alps,  830,  838,  851 

Vineularia,  723 

Vine,  foskil  forms  of,  855,  866 

Virgulian  group,  795,  797 

Vii5lite,l07 

Vistula,  sediment  in  water  of,  370 

Vitreous  structure,  99,  104, 105,  131 ;  ba- 
salt, 100, 105, 149, 213 

Vitrophyre,  90 

Vivarais,  volcanoes  of,  209 

Vivianite,  84;  as  a  petrifying  medium, 
610  x^     ^    o 

Volcanello,  Island  of,  242,  248 

Volcanic  action,  208 ;  active,  dormant,  and 
extinct  phases  of;  208;  sites  of,  209; 
conditions  for,  210 ;  influence  of  steam 
in,  218 ;  periodicity  of,  211 ;  alternations 
in  character  of,  247,  253;  premonitory 
symptoms  of  eruption,  212 ;  fi8sure^  212, 
221,  255,  261 ;  explosiuns,  215,  219,  226, 
252 ;  showers  of  dust,  216 ;  outpouring 
of  lava,  219  (ses  Lava) ;  subsidence  and 
elevation,  282,   243,   251;   tonenU   of 
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water  and  mud,  232;  mud  volcanoes, 
284 ;  geysins  236 ;  order  of  appearance 
of  lavas,  149 ;  relation  of  volcanic  action 
to  gpranite,  544,  587 ;  relation  of  to  meta- 
morphion,  581 ;  distribution  of  in  space, 
259;  causes  of,  260,  917 

Yolcanio  action  (continued),  historyof,  259 ; 
evidence  of  this  action  in  Aroniean  or 
Pre-cambrian  time,  260,  643 ;  Silurian, 
260,  662,  668,  670,  671,  673,  685,  689; 
Devonian,  695,  702,  703;  Old  Bed 
Sandstone,  260,  560,  564,  713,  715; 
Garbonife^ou^  208,  245,  260,  559,  564, 
567.  738,  789,  740,  743 ;  Permian,  260, 
560,  751,  755,756,  757;  Triassic,  260, 
769 ;  Cretaceous.  831,  833 ;  Eocene.  858, 
Oligocene  and  later  Tertiary,  250,  565, 
861,  877,  881,  920 

Volcanic  products,  197 ;  gases  and  vapours, 
198,  211,  235,  262;  sublimations,  229, 
298;  water, 202;  lava, 208;  fragmentary 
materials,  162,  205,  216,  565;  preserva- 
tion of  organic  remains  in,  207,  606 

Vdcanio  structure,  239,  558 ;  cones,  239 ; 
tuff-oones,  243;  mud-cones,  245;  lava* 
oones,  245 ;  cones  of  tuff  and  lava,  247 ; 
oratora,  241,  558;  heads  (Vulkanische 
Kuppen),  256;  necks,  143,  163,  558; 
bedded  volcanoes  (Strato-Vulkane),  243; 
dome  -  volcanoes,  243;  submarine  vol- 
canoes, 249, 439 ;  fissure  or  massive  type 
of  eruptions,  253 ;  plateaux,  258,  564 ; 
lakes,  280,  240 

Volcano,  Island  of.  224,  226,  235,  255, 
820 

Volga,  slope  of,  363 

VoUcmannia,  734 

Fotttfo,  761» 

VoliUa,  828,  840,  841*,  855,  873,  875*, 
881 

Volvaria^  S50 

Vosgee,  metamorpbism  in  tha,  580 

Vulcanism,  197 

Wacke,  161 

Wadhurst  Clay,  817 

Wahsatch  Group,  853 

Wahsatch  Mountains,  granite  of,  553 

WcUchia,  733.  752,  792 

Waldheimia,  789.  881 

Wales,  coast  alluvia  of,  388 ;  erect  trees  in 
coal-measures  of,  496;  crumpled  coal 
seams  in,  520;  coalfield  of,  289,.  531; 
diorite  bosses  of,  545 

Walkerde,  161 

Walnut,  early  forms  of,  838, 871 

Warminster  Beds,  820 

Water,  present  in  all  rocks,  298;  wbite- 
hot  water-substance  in  lava,  227,  262, 
296,  573;  origin  of,  in  rocks,  299; 
effect  of  infiltration  of  upon  rocks,  72 
107,  155,  167,  299;  solvent  power  of 


increased  by  heat  and  pressure,  300, 
810, 312, 348, 352 ;  soqwndssolidifitttioB 
of  eruptive  rocks,  301 ;  active  cheminal 
solutions  in,  302,  847;  three  fonns  of, 
328 ;  circulation  of  over  the  globe,  329; 
underground  oiroolatioa  of^  344;  haid 
and  soft,  348 ;  chemical  changes  eaosed 
by  underground,  351 ;  eflects  of  nmniiig 
water  on  rocks,  371 ;  chemical  actkxi  of 
river,  364,872;  without  sediment  does 
not  erode,  373,  894 ;  effects  of  freesing. 
401 

Water&lls,  origin  of;  875,  926 

Water-ice,  110 

Water-level,  alteration  of  by  wind,  328; 
of  springs,  345 

Water-lilies,  fossil,  869, 875 

Watersheds,  how  determined,  925 ;  not  in 
centre  of  a  country,  925;  less  pennaDent 
than  water-courses,  925 

Waterstones,  764 

Water-vapour  of  the  atmosphere,  31 

Waves  caused  by  earthquakes,  272;  by 
wind,  827.  422,  423;  by  Udes,  419; 
sixe  of,  422;  force  of,  423,  428;  efieots 
of,  428;  aided  by  air,  429 

Wealden  deposits,  815,  817,  828 

Weathered  blooks  are  apt  to  be  mistaken 
for  erratics,  413 

Weathered  crust,  varying  thickness  of, 
884 ;  removal  of  by  rain,  841  ;jpossible 
souroe  of  part  of  Boulder-day,  888 

Weathering,  examples  of,  64,  66,  69,  71, 
72,  73,  74,  75,  76,  78,  81,  95, 123,  134, 
136, 178 ;  importation  of  in  fidd-geolofsy, 
178 ;  definition  of,  833 ;  causes  of,  334 ; 
conditions  for  resisting,  335 

Weber  Quartzite,  749 

Wells,  why  shallow  or  deep,  345 

Wemmelien  (Syst^e),  851 

Wenlock  Oroup,  676 

Weiss-stein,  125 

Westmoreland,  iron  of.  68 

Westphalia,  Cretaoeous  rooks  of;  828 

Whet-slate,  122 

White  as  a  colour  of  rocks,  92 

White  Lias,  764 

White  Mountains  (New  England^  glaeia- 
tion  of,  899 

White  Biver  Group,  869 

White  Sea,  communication  betweea  and 
Caspian,  897 

White  Trap,  576 

Wiesbaden,  mineral  waters  of,  851 

IFtUtamsonta,  772* 

WiUow,  foasU  forms  of,  804, 829,  839, 855, 
877 

Wind,  velooity  of;  818;  geological  efieoto 
of,  820;  transport  of  seeds  by,  826 

Wolf,  fossil,  869,  875,  898 

Wollastonite,  artificially  formed,  800 

Woods  ($ee  Forests) 

Woolhope  Limestone^  676 
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Woolwich  and  Reading  Beds,  844 
Worms,  bunowB  and  trails  of  in  strata, 
485,  911 :  castings  of  in  relation  to  the 
formation  of  vegetable  soil,  339 
Wyoming,  "Bad  Lands"  of,  343;  Cre- 
taceous rooks,  831 ;  Eocene,  lakes  of, 
394 ;  volcanic  action  in,  209 

Xanthopais,  846 
Xiphodon,  856 
Xylobius,  732 

Tang-tse,  sediment  in  water  of,  371 

Yazoo  River,  relation  of  discharge  to  rain- 
fall, 361 

Tellow  as  a  colonr  of  rocks,  92 ;  colours  of 
soil  due  to  oxidation  and  hydration  by 
rain,  339 

Yellowstone  River,  cafions  of,  205;  geysirs 


of,  223,  236,  354;  mnd-volcanoes  of, 
234;  daily  range  of  temperature  at, 
319 ;  terraces  of,  384 

Yew,  early  forms  of,  838 

YoWta  (Leda%  895* 

Yoredale  Group,  737,  738 

Yorktown  Group  (Tertiary),  869 

Zamia,  772* 

ZamioBlrcbuB,  772 

Zamites,  761,  772 

Zanclean  (Pliocene),  878 

ZaphrenHa,  664,  721* 

Zeohstein,  756 

Zeolites,  72,  80 

Zeolites,  formation  of  in  Roman  brick,  300, 

353 
Zircon,  80 

Zones  in  geological  record,  635 
Zygoeaurui,  754 
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